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‘ MEMORANDUM OF MEETING
Date: January 29, 2001
Time: . 1:00 - 3:00 PM
Location: 12th floor Conference Room
‘ 1110 Vermont Ave., NW
Participants:
Visitors
Robert Hill - Hill Research Associates, Inc.
Charles Morin Morin & Krasny, LLP
Bertjan Ziere Pharming B.V.
Paul Leufkens Pharming B.V.
FDA
Kathleen McAveney J ones HFS-206
' ‘ . Rudaina Alrefai HFS-206
. Rebecca Edelstein HFS-246
Susan Carberry HFS-246
George Pauli HFS-205
inda Kahl HFS-206
aulette Gaynor HFS-215
ichael DiNovi HFS-246
A Sue Anderson HFS-831
Mel Dong - HFS-225
* Antonia Mattia HFS-207

Subject: Product Under Development

The visitors requested the meeting to consult with FDA regarding Pharming’s recombinant human
- -~ -lactoferrin-(tHLF) derived from transgenic-cows. The visitors-had met with-FDA to discuss this
+ product on two earlier occasions. Prior to the meeting, the visitors provided a package of
background information. A copy of that material is attached to this memorandum.
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Page 2 - January 29, 2001, Meeting
administration, as well as an ingredient for non-infant formula food uses.

The visitors discussed a proposed 90-day toxicity study with add-ons intended to address
reproductive and developmental issues. This prompted discussion from FDA about appropriate
safety testing for Pharming’s product. Dr. Sue Anderson emphasized the importance of using the
food-grade rather than pharmaceutical-grade product for food-related safety studies. Dr. Linda
Kahl discussed safety assessment studies comparing rHLF with HLF found in breast milk. Dr.
Kahl informed the visitors that the “Red Book™” provided guidance, not requirements for safety
testing. She stated that the basic approach to assessing the safety of rHLF would be the same for
evaluating the safety of any protein. She recommended determining the real safety issues
presented by this substance, and performing studies relevant to these issues.

Dr. Toni Mattia informed the visitors that she could not chart a path for them because the safety
of a food ingredient was dependent upon many things. Dr. Mattia recommended examining the
differences between rHLF and HLF derived from breast milk, and evaluating animal and human
studies on digestion, nutrition and allergenicity which were currently available. She discussed
standard metabolic studies and endpoints. Dr. Mattia stressed the importance of the diet used in
studies because of its impact on results. She also discussed the grade of the material used for
safety studies as compared with the grade of material intended for use in the food product, and
recommended characterizing multiple lots of material for toxicology testing. Dr. Sue Carberry
emphasized the importance of providing exposure levels. Drs. Pauli and Mattia questioned the
purpose of the reproduction add-on to the 90-day study. Dr. Mattia stated that anticipating a
particular reproductive event would beg for a separate reproduction study.

Dr. Sue Anderson stressed the importance of considering infant physiology and development
when assessing the safety of rHLF for use in infant formula, and inquired about the feasibility of
?h% performing toxicological studies at earlier time points. Drs. Kahl and Anderson recommended that
e the digestibility of tHLF versus breast milk by infants be considered. Dr. Anderson also informed
Mactl the visitors of the requirements for infant formulas citing the Infant Formula Act of 1980 and
LF'>  subsequent amendments in 1986, and the Proposed Rule for Current Good Manufacturing
_ Practice, Quality Control Procedures, Quality Factors, Notification Requirements, and Records
and Reports, for the Production of Infant Formula (61 FR 36153).

The potential allergenicity of Pharming’s product was discussed, due to possible contamination

with bovine lactoferrin (BLF), a known food allergen present in cow’s milk. Dr. Kahl also

~ee - - -..(iscussed issues.related.to non-infant formula uses of rtHLF. Because HLF is immunologically as

¥ well as biologically active, it was recommended that Pharmmg address whether any of these
effects might be adverse, rather than beneficial, for some people.

Dr. Kahl presented an overview of the GRAS notification process, comparing it with the foad
additive petition process. Drs. Kah! and Pauli emphasized that for a food ingredient to be
considered GRAS, there must be safety data that is generally available plus consensus among
qualified experts. Dr. Kahl made a recommendation that if the visitors were considering convening
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Page 3 - January 29, 2001, Meeting

-a GRAS panel, that the panel should consist of scientists and/or physicians with the appropriate
expertise, and should be consulted early in the process in order to provide input as to the
appropriate safety testing. Dr. Kahl emphasized that there was no clear path to proving the safety

of a food ingredient.
Kathleen McAveney Jones, Ph.D.

cc: HFA-224 HFS-200 HFS-207 HFS-215 HFS-225 HFS-246 HFS-831
FDA participants

R/D: KMcAveneyJones: HFS-206:3/2/01:Pharming. wpd™"* - -~

Edited and initialed: LSKahl: HFS-206:3/2/01
F/T: KMcAveneyJones: HFS-206:3/6/01
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i MEMORANDUM OF CONFERENCE

Date: July 20, 1998

Time: 1:00 - 2;30 p.m.

Location: 7th Floor Conference Room

Vermont Ave. Bldg.,1110 Vermont Ave., NW

Participants:
Visitors:
Joost van Bree Pharming Group N.V.
Juha Koivurinta Pharming Group N.V,
Patrick van Berkel Pharming Technologies B.V.
Charles Morin Burditt and Radzius
IDA:
Nega Beru HFS-206
Mika Alewynse HFV-228
John Matheson HFV-200
Bill Price HFV-200
Isabel Chen HFS-207

] George Pauli HFS-205

Jeanette Glover-Glew HFS-207
Zofia Olempska-Beer HFS-207
J. Eugene LeClerc HFS-237
Anita Chang HFS-225
Wendy Dixon [
Stephanie McQuilkin HFS-200
Linda Kahl HFS-206
Felicia Satchell (by phone) HFS-158
Nick Duy ; (by phone) HFS-456
Gillian Robert-Baldo (by phone) HFS-456
Sue Anderson (by phone) HFS-465
Linda Tonucci (by phone) HFS-456

Subject: Recombinant Human Lactoferrin

The visitors requested the meeting in order to consult FDA regarding Pharming’s

@oo2

recombinant human lactoferrin (rhLF) derived from transgenic cows. The visitors stated that

while they envisaged other uses in the future and that they intended to consult the

appropriate FDA centers regarding these uses, rhLF at present is intended for use in infant
formulas. Prior to the meeting, the visitors provided a package of information consisting of
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a historical perspective of the company and its development and characterization of rhLF.
The package also contained draft preclinical study protocols aimed at addressing the safety
of thLF for its intended use.

During the meeting, the visitors presented information regarding the generation of
the transgenic animals including the genetic constructs that were used. They also
enumerated the tests aimed at comparing the structural and functional characteristics of thL.F
to that of native lactoferrin isolated from human milk. The visitors reported that most of the
studies have been completed and that the assays conducted to date show that rhL.F and
natural human lactoferrin appear similar except in the relative concentrations of the different

" forms of the protein that are normally present due to heterogeneity in N-linked

glycosylation.

The preclinical study protocols were discussed both with respect to the product as
well the dose that is appropriate to use in the studies. We stated that we were in the midst of
developing guidance for macro food additive testing and that we would be willing to provide
further guidance. We suggested that they provide us with a list and purpose of preclinical
and clinical studies they intend to conduct for our review. We also noted that the July 9,
1996, issue of the Federal Register contains a proposed rule amending the infant formula
regulations and that this document includes guidance on clinical studies for infant formulas.

The visitors inquired regarding the possibility of use of the milk after the removal of
rhLF in the production of other food products such as cheese; they noted that not all of the
rhLF can be removed from the milk quantitatively. We stated that assuming that there were
no safety concerns they would need to discuss with FDA regarding appropriate labelmg and
regarding how the product might be used in standardized foods.

, We also discussed the proposed premarket notification for generally recognized as
safe (GRAS) substances including the ba51s for making GRAS determinations, the
information that should be contained in a notification, and possible agency responses We
indicated that FDA is accepting notifications pending finalization of the prop%sed rule.
Finally, we noted that GRAS notification cannot be used in lieu of, and does not replace the

- mandatory premarket notification requirement for infant formulas.

Nega Beru, Ph.D.

cc: HFS-200 HFS-205 HFS-206 HFS-207 HFS-225 HFS-235 HFS-246 HFS-456
HFS-158 HFS-247 HFS-13 HFV-228 HFV-200

R/D:HFS-206:NBeru:418-3097: 7/22/98:Saved as meet0720.98

F/t: HFS-206:NBeru:srd:8/20/98
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Law OFFICES OF

MORIN & KRASNY, LLP 73998

SUITE 1600 .
201 SPEAR STREET
SAN FRANCISCO, CALIFORNIA 94105-1635 .
e-mail: kra_mor@earthlink.net

Charles L. Morin Telephone: (415) 957-0101
Leslie T. Krasny Facsimile: (415) 957-5905

January 5, 2001

George H. Pauli, PhD (Room 1250)
Director (HFS-205)
Division of Product Policy

Office of Premarket Approval CDNHDEN“AL

Center for Food Safety
and Applied Nutrition
Food and Drug Administration
1110 Vermont Avenue, N.W. '
Washington, D. C. 20201 '

Re: Request for meeting

Dear Dr. Pauli:

Thanks very much for returning my phone call and for taking the time to
discuss aspects of GRASing human lactoferrin for use in infant formulas and
supplementing other foods. This will memorialize the substance of our

conversation and provide you with additional information.
First, please find attached a copy of my July 2, 1998 confidential letter to

you which provided information pertinent to the meeting subsequently held on July
20, 1998. It covers all of the information we discussed. '
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MORIN & KRrRASNY, LLP

George H. Pauli, PhD
Re: Request for meeting
January 5, 2001

Page 2 of 3

Second, please find attached a copy of my July 22, 1998 confidential
memorandum summarizing the substance of the July 20" meeting with FDA.

Please note that it includes a list of those who were in attendance.

Third, we ‘discussed having a meeting towards the end of January (our

prioritized list of dates for such meeting was as follows:

1. 1/26 (first choice);
2. 1/29 (second choice); or
3. 1/22 (third choice))

at from approximately 1:30 — 3:00 p.m. in the afternoon.

Fourth, the purpose of the meeting is to discuss exactly what preclinical tox
testing should be done in order to satisfy the needs of both the OPA group and the
Infant Formula group. As of this date, two studies had been agreed to, i.e.

1. the first, a 90-day study in rats; and
2. the second, a 90-day study in dogs.

Please note that both studies are currently drafted to start exposure to the pups
earlier than is usual and both have a reproductive evaluation added at the end. Are

these the battery of tests that are still required?

000001 .00




MormN & KrasNY, LLP

George H. Pauli, PhD
Re: Request for meeting
January 5, 2001

Page 3 of 3

Finally, please feel free to invite any FDA employee to the meeting that you
feel may play an important role in any future GRAS Notification that my client
may file pertinent to the above-referenced uses.

As you can appreciate, this entire matter is very confidential; thus, we trust
that the enclosed information will not be discussed or released, except as necessary
to prepare FDA personnel for the end of January meeting.

Please call me if you have any questions.

Thanks again for your help.

Sinc

Char orin
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Law OFFICES OF F I LE

BURDITT & RADZIUS

SUITE 1600
201 SPEAR STREET
SAN FRANCISCO, CALIFORNIA 94105-1635
(415) 957-0101
G3 FAX: (415) 957-5905

CHICAGO OFFICE: | WASHINGTON. D.C. OFFICE: PHILADELPHIA OFFICE: HADDONFIELD. NJ. OFFICE:

SUITE 2600 : SUITE 450 SUITE 701 3 SOUTH HADDONAVENUE
333 WEST WACKER DRIVE 1850 M STREET.. N.W. 1608 WALNUT STREET HADDONFIELD. N.J. 0RD}3
CHICAGO. ILLINOIS 60606 WASHINGTON. D.C. 20036 PHILADELPHIA, PA (9103 (609) 42R-6682

(12) 181-6633 12(12) $66-4500 (213) T12-3010 G3 FAX: (609) }54-1456

GIFAX: 1312) TR1-6630 . G3 FAX: (202) 466-5177 G FAX: (218) TT2-3087

July 2, 1998

- George H. Pauli, PhD (HFS-205)

Director (Room 1250)

Division of Product Policy |
O et e CONFIDENTIA
Office of Programs

-Center for Food Safety & Applied Nutrition
Food and Drug Administration

1110 Vermont Avenue, N.W.
Washington, D.C. 20201

Re: Pharming Health Care Products
Meeting (7/20/98) concerning
use of recombinant lactoferrin

Dear Dr. Pauli:

Pursuant to Nega Beru’s mstructlons and in preparation for Pharming’s
meeting with CFSAN on July 20" Iam forwarding to you information concerning
Pharming Health Care Products (“Pharmmg”) and its recombinant lactoferrin
(“rhLF”) product which should serve to background you and your colleagues
concerning the need for the meeting. Unless I hear d1ffcrent1y from you, we will
arrive at 1110 Vermont Avenue on Monday, July 20" at approximately 12:45 p.m.
in preparation for the meeting to be held in your seventh floor conference room

between 1 p.m. and 2:30 p.m.

The company ‘ _

‘Pharming is a biotech company whose corporate offices are located in
Leiden (a large, university city), The Netherlands. It was incorporated in 1988.
Pharming focuses on the research, development, and commercialization of human
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BURDITT & RADZIUS .

George H. Pauli, Director

Division of Product Policy

Food and Drug Administration

Re: Pharming Health Care Products Meeting (7/20/98)
concerning use of lactoferrin

July 2, 1998

Page 2

health care products derived from milk, primarily from transgenic animals. To this

“end, Pharming has developed, and will continue to develop, a proprietary
production technology using transgenic animals, particularly transgenic dairy
cattle. Such transgenic animals are generated from a one-cell animal embryo
whose genetic make-up has been modified in the laboratory via the insertion of
specifically designed sequences of DNA, so-called gene constructs or transgenes.
Pharming has developed proprietary transgenes so as to produce transgenic
animals which, in turn, produce proteins in their milk for use in human health care
applications.

In June, 1995, Pharming acquired the Finnish Company, Oy FinnGene Ltd.,
which was subsequently renamed Pharming Oy. As a wholly owned subsidiary, .
Pharming Oy conducts certain research and development activities focused on the
generation of transgenic cattle. The acquisition served to increase Pharming’s
commercial flexibility by expanding its scientific and operating base.

In June, 1996, Pharming established a subsidiary in Belgium, which is
named Pharming N.V. This subsidiary will focus exclusively on production and -
commercialization of recombinant proteins produced in milk of transgenic rabbits.

Pharming is currently the leader in the field of production technology using
transgenic dairy cattle, including having produced the world’s first scientifically
documented transgenic dairy calf, i.e., the well-known “Herman” the bull. This
technology creates product opportunities which are otherwise difficult or even
impossible to address. Transgenic cattle are the production route of choice for
complex biomedical proteins which either have to be produced in very large
quantities at low cost, or which, while representing a small volume, are very
difficult to produce. In both cases, manageable numbers of transgenic cows suffice
to produce sufficient product to satisfy market demands.

Pharming is also pursuing production technology using other transgenic .
animals, such as mice and rabbits. In some instances, manageable numbers of
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Burprrt & RADZIUS

George H. Pauli, Director

'Division of Product Policy

Food and Drug Administration
Re: Pharming Health Care Products Meeting (7/20/98)
. concerning use of lactoferrin

July 2, 1998
Page 3

these transgenic animals will also suffice to produce sufficient product to satisfy
market demands.

. Pharming is dedicated to achieving technological excellence and,
particularly, a leading intellectual property position. Cutting-edge technology and
adequate patent protection are extremely important in the biotechnology industry
To this end, since 1989, the Company has filed, on a worldwide basis, a number of
basic patent applications covering a wide range of methods, products and product
applications in the area of transgenic animal technology. Pharming’s first patent
was issued in August, 1993. Since then, various other patents have been issued,
including a basic U.S. patent in April, 1994. This latter event made Pharming the
first transgenic farm animal company to receive patent protection in a major

- market... With regard to the other patents, currently Pharming owns or controls

such patents in the USA, Canada, Europe, Australia and New Zealand. In addition,
patent applications are also pending in these and many other countries.

The product (bLF)

Lactoferrin 1s the major iron-binding protein in the milk of many
mammalian species, including humans. Its concentration in mature human milk
ranges from 1-2 grams/liter. This makes it one of the most abundant proteins in
human milk. In contrast, the concentration of lactoferrin in mature bovine milk is

less than 0.1 grams/liter.

Several bio’ldgfcal functions have been ascribed to lactoferrin. The function
that is probably most relevant and important to infants consuming human milk is
lactoferrin’s ability to regulate bacterial growth. It has been demonstrated that

* lactoferrin promotes growth of Bifidobacterium spp. which are the predominant

organisms of the intestinal flora of healthy infants that are breast-fed. In addition,
it has been shown that lactoferrin has a strong antibacterial effect on many
organisms that are potentially pathogenic. In accordance with these observations,
it is well-known that the intestinal flora of children being breast-fed is dramatically
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BurpIiTT & RADZIUS

George H. Pauli, Director

Division of Product Policy

Food and Drug Administration

Re: Pharming Health Care Products Meeting (7/20/98)
concerning use of lactoferrin

July 2, 1998

Page 4

different from children consuming infant formula. Although the exact composition
of the intestinal flora is probably regulated by several factors, lactoferrin is
probably one of the more important regulators.

Since most infant formulas are derived from bovine milk, they contain very
little lactoferrin. Accordingly, addition of human lactoferrin to an infant formula
would make the formula more closely resemble human milk. However, since
infants fed with breast-milk consume more than 1 gram of human lactoferrin per
day, the amounts of lactoferrin needed to supplement infant formula have, to date,
been prohibitively large and unavailable. Classical recombinant-DNA methods are
not very suitable on a very large scale for producing proteins, such as lactoferrin.
In addition, isolation of the protein from other sources, such as pooled human milk,

is not desirable or practical. .-

Transgenic mice were used to demonstrate the feasibility of producing
recombinant human lactoferrin in the milk of a different mammal. Human
lactoferrin gene sequences were cloned from DNA libraries prepared from healthy
human individuals. These lactoferrin sequences were subsequently fused to
regulatory sequences derived from regions of the bovine aS1-casein gene. These
regions direct mammary gland-specific expression of the casein gene. The
caseir/lactoferrin gene construct was injected into the pronucleus of fertilized
mouse oocytes which were subsequently transferred into recipient animals. After
birth, animals were analyzed for integration of the transgene and, if positive, were
bred to non-transgenic mice to obtain F1-offspring. Milk was collected from
transgenic females and analyzed for the presence of recombinant human
lactoferrin. In all mice analyzed, such human lactoferrin was detectable in the
milk. In the majority of the cases, expression was higher than the levels observed
in human milk. No adverse effect on the physiology and health of the lactating
mother as well as of the pups was demonstrable.

The protein was subjected to a large number of assays (such as those
pertinent to N-terminal protein sequencing, determining immunological
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George H. Pauli, Director

Division of Product Policy

Food and Drug Administration

Re: Pharming Health Care Products Meeting (7/20/98)
concerning use of lactoferrin

July 2, 1998

Page 5

characteristics, the ability of the protein to bind to a large variety of ligands,
purification properties, migration pattern on SDS-PAGE, N-terminal glycosylation,
and iron-binding) to compare its structural and functional characteristics with those

- of native lactoferrin isolated form human milk. It was concluded that the
recombinant protein was very similar to the human protein. The primary
difference that was observed between the recombinant and native lactoferrin
appears to relate to a difference in the relative concentrations of the different forms
of the protein that are normally present due to heterogeneity in glycosylation.

- Expression of the transgene in mice is primarily restricted to the mamrmary
, ‘gland of lactating females. It was also demonstrated that the size of the transcript
. corresponded precisely with the expected size. The transgene was transmitted to
1 the offspring in Mendelian fashion. In the limited number of lines that were
analyzed, the structure of the transgene appeared to be stable throughout several

generations.

Given the foregoing mouse results, Pharming then developed methods to
produce recombinant human lactoferrin in milk of transgenic cows at high levels.
Transgenic cows are animals that contain, in their genome, one or more copies of a
gene that is derived from another species. .In this case, a gene construct was used
that directs expressmn of human lactoferrin in the milk of the animal. Since dairy
cows can produce up to 12,000 liters of milk per year, a single animal is expected
to produce at least 10 kilograms of lactoferrin per year, depending on the
expression level occurring in each cow. Therefore, a cow herd of manageable size
could produce enough lactoferrin to supplement infant formula with human

lactoferrin.

Casein/lactoferrin gene constructs selected for their ability to function
efficiently in transgenic mice and to direct high levels of lactoferrin expression
were also used to generate transgenic cattle. Oocytes were derived from ovaries of

. slaughtered dairy cows or via OPU technique (ovum pickup) and fertilized in vitro
with sperm of elite bulls. DNA was injected into one of the pronuclei after which
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George H. Pauli, Director

Division of Product Policy

Food and Drug Administration

Re: Pharming Health Care Products Meeting (7/20/98)
concerning use of lactoferrin

July 2, 1998

Page 6

embryos were allowed to develop in vitro for another five days. After that period,
two cells were removed from the embryo and analyzed for the presence of the
transgene. Positive embryos were transferred non-surgically into the uterus of
recipient cows (see attached article for additional information).

Pharming first produced recombinant human lactoferrin from transgenic
cow’s milk in 1996. Such rhLF is of excellent quality and has been demonstrated
— in terms of biological activity — to be very similar to natural hLF. Pharming now
has a similar, but growing, production herd of transgenic cows capable of
producing the necessary quantities of thLF for testing and commercial use.

Use of rhLF ' .

As indicated above, Pharming desires to commercialize rhLF for use in
infant formulas intended to more closely simulate human mother’s milk. Given
hLF’s natural and strong anti-microbial activity, Pharming may, in the future, also
decide to commercialize rhLF for uses deemed by FDA to be foods associated with
health claims, medical foods, or drugs/biologics. To the extent use concerns health
claims or medical foods, Pharming desires to have CFSAN’s input about such use.
(Drug/biologic use will be discussed at another time with CBER).

The regulatory interest

Pharming is now ready to initiate preclinical testing of thLF. Before doing
so, Pharming thought it would be productive for both FDA and itself to thoroughly
inform FDA as to what has transpired thus far, to discuss its commercial intentions,
and to discuss the regulatory implications of such intentions, especially the best
regulatory approach (e.g., GRAS affirmation, GRAS notification, a FA petition, or

other (?)).

Preclinical studies .
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George H. Pauli, Director

Division of Product Policy

Food and Drug Administration

Re: Pharming Health Care Products Meeting (7/20/98)
concerning use of lactoferrin

July 2, 1998

Page 7

Pharming intends to initiate three studies to evaluate the safety of its rhLF.
These include an Ames test, a standard 90-day oral study in dogs, and a non-

standard 90-day (plus) oral study in rats.

- Draft protocols for these studies are attached for your review.

B Pharming would appreciate having CFSAN’s input, if any, concerning the
adequacy of these protocols before they are initiated.

The attendees

Pharming intends to have the following representatives present at the
meeting: '

I.  Joost B.M.M. van Bree, PhD |
Vice President, Clinical Development & Regulatory Affairs;

2. Juha Koivurinta
Vice President, Pharming Holding N.V.;

3. Patrick van Berkel, PhD
Senior Scientist; and

4.  the undersigned

all of whom will be prepared to present and discuss in detail the information
referenced above and outlined on the attached agenda.

"We encourage CFSAN to have present any and all FDA personnel that may
play a significant role in any future hLF regulatory submission sent to CSFAN.
Such persons might include there with responsibility for infant formulas,
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George H. Pauli, Director

Division of Product Policy

Food and Drug Administration

Re: Pharming Health Care Products Meeting (7/20/98)
concerning use of lactoferrin

July 2, 1998

Page 8

toxicology, chemistry, microbiology, environmental, regulatory, review and
supervising.

Any future submission (pertinent to Pharming’s rhLF product) will include
information which demonstrates, among other things, that the rhLF is sufficiently
comparable to human derived hLF. Such information will also indicate that the
rhLF ingredient is produced by transgenic cows that incorporate no pathgenic or
toxicogenic capabilities. It also will indicate that all production methods and
substances used are appropriate for food use. Finally, the information will indicate
that the finished hLF ingredient has been thoroughly tested and found to be safe for
use in human food.

As you can appreciate, this entire matter is very confidential; thus, we trust
that the enclosed information will not be discussed or released, except as necessary
to prepare FDA personnel for the July 20™ meeting.

Thank you very much for your continuing assistance. If you should have
questions or need additional information, please let me know.

Sincesely,
Charles L. Morin
CLM: jkm

cc: Joost van Bree
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LAw OFFICES 'OF

G3 FAX: (312) 7816630

BURDITT & RADZIUS
. SUITE 1600
! 1 201 SPEAR STREET
SAN FRANCISCO, CALIFORNIA 94105-1635
(415) 957-0101
G3 FAX: (415) 957-5905

CHICAGO OFFICE: WASHINGTON. D.C. OFFICE: PHILADELPHIA OFFICE: HADDONFIELD, N.J. OFFICE:

SUITE 2600 SUITE 450 SUITE 703 1 SOUTH HADDON AYENUE

333 WEST WACKER DRIVE -~ 1§50 M STREET.. N.W. 1608 WALNUT STREET HADDONFIELD. NJ. 08033

CHICAGO, ILLINOLS 60606 WASHINGTON, D.C. 20036 PHILADELPHIA, PA 19103 (609) 428-6682

(312) 7816633 (202) 4664500 (21%) 772-3010 G3 FAX: (609) 354-1656

G3 FAX: (202) 466-57T7 G3 FAX: (215) 772-3017

To: Pharming rhLF File

From: Charles L. Morin

Re: Meeting (7/20/98) with FDA (CFSAN)

CONFIDENTIAL

Date: July 22, 1998

. On Monday, July 20, 1998, the following representatives of Pharming

L

Joost B.M.M. van Bree, PhD
Vice President, Clinreal Development & Regulatory Affairs;

Juha Koivurinta
Vice President, Pharming Holding N.V.;

Patrick van Berkel, PhD
Senior Scientist; and

Charles L. Morin
Burditt & Radzius

met with the following representatives of FDA

1.

Felicia B. Satchell (HFS-158)
Branch Chief

Food Standards Branch
CFSAN/OFL/DPEPOFL;
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2. Stephanie McQuilkin (HFS-200)
Special Assistant
Office of Premarket Approval
CFSAN/OPA,;

3.  George H. Pauli (HFS-205)
Branch Chief
Division of Product Policy
CFSAN/OPA;

4, Nega Beru, PhD (HFS-206)
Team Leader
Regulatory Policy Branch
CFSAN/OPA/DPP;

5.  Wendy J. Dixon (HFS-206)
CSO
Regulatory Policy Branch
CFSAN/OPA/DPP;

6. Linda S. Kahl (HFS-206)
Guidelines and Regulations Branch
CFSAN/OFL/DPEPOFL;

7. Isabel S. Chen (HFS-207)
Scientific Support
CFSAN/OPA/DPP;

8.  Jeanette Glover Glew (HFS-207)
Environmental Scientist
Scientific Support
CFSAN/OPA/DPP;

9.  Zofia S. Olempska-Beer (HFS-207)

Science/technology
CFSAN/OFL/DSATOFL;
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10.

11.

12,

13

14.

15.

| 16.

17.

18.

Anita H.C. Chang (HFS-225)
Scientific Support
CFSAN/OPA/DPP;

J. Eugene LeClerc, PhD (HFS-237)
Toxicologist
Molecular Toxicology Branch

' CFSAN/OPA/DMBRE;

Nick Duy (HFS-456)
Regulatory Branch
CFSAN/OSN/DPEPOSN;

Gillian L. Robert-Baldo (HFS-456)

" Regulatory Branch

CFSAN/OSN/DPEPOSN;

Linda H. Tonucci (HFS-456)
Regulatory Branch
CFSAN/OSN/DPEPOSN;
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for the purpose of conveying certain information concerning use of Pharming’s .
thLF in human foods and discussing the implications of such use. The meeting
was held in the 7" floor conference room at 1110 Vermont Avenue, N.W.; it lasted

from 1 p.m. until approximately 2:40 p.m.
After brief introductory remarks (by CLM) and self introductions by all
attendees, the presentations evolved as indicated on the attached agenda. Other

than the information set forth below, the information conveyed to FDA was that
indicated on the attached copies of overheads.

The questions asked and/or the points discussed were as follows:
A. Introductions (C.M.)
No questions
B. Overview (J.K.)
No questions
C.  Characterization efforts (P.B.) .
1. Question: Is the genetic effect seen a result of dominance?
Answer: Yes. The result duplicates a typical Mendelian
expectation; thus, 50 percent of the offspring should have the

transgene for rthLF. '

2. Question: Is the glycosylation that occurs an all or none
phenomenon?

Answer: No. The result varies; sometimes it’s all, sometimes it
differs, and sometimes it’s as little as 5 percent.

D.  Production process and intended use (J.K.)

No questions
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Pre-clinical testing (JvB)
Suggestions and Comments:

1. FDA will consider rhLF to be like a macroingredient, given its
expected consumption level.

2.  You may not be able to feed the dogs and rats the amounts you
have indicated in the draft protocols. Feed at the highest level
technically feasible.

3.  Take in to account human experience, and adjust the brotocols
' accordingly.

4, Suggest you do a dose range study (over 2 weeks) from which
you establish the lowest dose that causes an effect.

5. It is critical that the characterized, especially as to foreign
substances.

6. It is essential that you be able to explain the impact, if any, of
the different glycosylation patterns.

7. Bé able to identify qualitatively and quantitatively the nature of
any impurities, including processing aids.

8. . Itis essential that you demonstrate that digestability is not
adversely impacted on.

9.  Purity needs to be adequately idenﬁﬁed.
10.  Safety here should focus on infants, not adults.

1. Keep in mind the special place infant formulas occupy in our
culture. (Hint! Hint! Hint!)

12.  If food additives are used in preparation of your product, for

example as processing aids, be sure that they are used only as
approved. |
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
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You should indicate whether infant exposure will be any
different than that for adults.

We assume that you intend to use the same exposure level (of
rhLF) in infant formulas as infants would be exposed to (i.e.,
hLF) in mother’s milk.

As to what product should be pre-clinically tested, try and use
as downstream a product as reasonable; such testing should
cover any upstream product.

FDA suggests that we forward to them a list of the pre-clinical
tests we intend to conduct for their review. Please also include
chemistry information as it relates to safety.

Pharming needs to be able to demonstrate equivalence between
hLF and rhLF.

Normal dairy practice procedures may be enough; Pharming
will need to show that they are.

Pharming will need to demonstrate that it can control all critical
aspects of the production of its rhLF product.

For the proper handling and disposition of animals once culled
from the production herd see the CDER/CBER PTC document.

Pharming will need to show that its thLF product is biologically
equivalent to hLF after being pasteurized.

As to the stability of level of production of thLF during the
lactation period, it was indicated that production approximates
0.3 to 1.0 during the first week and 0.8-0.9 over the rest of the
period.

As to propagation, it was indicated that Pharming only
generates fernale transgenics via its transgenic bull. No
markers are involved.



24,

25.

26.

27.

28.

29.
- 30.

31.

32.

33.

34,

As to use of the milk byproducts, they should be able to be
used, but may require use of labeling information and may not
be able to be represented as or in standardized foods.

To date, FDA has received five GRAS notifications and has
responded to three.

Use of a blue ribbon panel is not a substitute for publication but
may support it. Such a panel should be composed of all assets
necessary to derive GRASness.

FDA strongly encourages use of the GRAS notification process.

Approval of tThLF for use in infant formulas will occur (as
expected) in two steps — first via GRAS notification, and then
via approval by the infant formula group via a submission from
an infant formula manufacturer).

The narrative portion of the GRAS notification needs to be
thorough and to tell a story — the whole story.

If after receiving a GRAS notification CFSAN wants more
information, it will ask for it.

For the new regulations pertinent to clinical testing of infant
formulas see the July 9, 1996 FR document. (A copy of it is
attached).

As to the need for an environmental assessment, please note the
new categories that are now excluded. (A copy of this
document is attached). Two of these, i.e., numbers 8 and 12,
may be applicable to Pharming’s product.

Note also the “extraordinary circumstances” exception to the
subpart 32 (directly above) exemptions. (See subpart C of the
attached pertinent EA document).

The GRAS notification should include copies of comparison
data.

0000 . 02



35. The proposed dog study should include dosing which begins - ‘
just after birth and then for 90 days.

36. Use at least 4 animals per groups (see Red Book, Appendix II,
page 45). -
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Law Offices Of

i i M0
Morin & Associates _
J
Suite 500
388 Market Street
San Francisco, California 94111
Telephone: (415) 957-0101 e-mail: charleslmorin@earthlink.net Facsimile: (415) 957-5905

April 10, 2005

Antonia Mattia, PhD (HFS-255)

Director - '

Division of Biotechnology and D E @ E uw E
GRAS Notice Review '

Office of Food Additive Safety PR L ‘

Center for Food Safety and Applied T |

Foogauon OFFICE OF

Food and Drug Administration

5100 Paint Branch Parkway | FOOD ADDITIVE SAFETY

~ College Park, MD 20740-3835

Re: Notice of GRAS exemption for human
lactoferrin derived from the milk of
transgenic cows expressing a human
gene encoding human lactoferrin

GRN 000189
CFSAN request for information

Dear Dr. Mattia:

Pursuant to Mr. Fasano’s request, please find attached copies of three of the
appendices referenced in the above-referenced GRAS Notification, i.e., appendix
numbers 15, 16, and 18.

Thank you in advance for your and your colleagues’ efforts on behalf of
Pharming’s notice.
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Morin & Associates

Antonia Mattia, PhD

Re: Notice of GRAS exemption. ..
April 10, 2006

Page 2 of 2

T

Charles L. Morin

Cc: Frans de Loos, PhD
Project Director (thLF)
Pharming Group N.V.
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TO:

FROM:

DATE:

Charles L. Morin

Morin & Associates

388 Market Street, Suite 500
San Francisco, CA 94111

Ian C. Munro, PhD, FRCPath, MSc, (Panel Chair)
Professor

Department of Nutritional Sciences

Faculty of Medicine

University of Toronto

FitzGerald Building

150 College Street

Toronto, Ontario

CANADA M5S 3E2

Jeremy H. Brock, ScD, PhD, MSc
Senior Research Fellow
Department of Immunology
University of Glasgow

Glasgow

SCOTLAND G11 6NT

F. Jay Murray, PhD
President

Murray & Associates
5529 Perugia Circle
San Jose, CA 95138

Jorge A. Piedrahita, PhD, MSc

Professor of Genomics

Department of Molecular Biomedical Sciences
College of Veterinary Medicine

North Carolina State University

4700 Hillsborough Street

Raleigh, NC 27606

December, 20, 2005

Expert Panel Opinion Regarding the Generally Recognized as Safe (GRAS)

Status of Pharming’s hLF Product
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.. Panel members were provided with a copy of thef GRAS Notification and access to all
information (including references and appendices) in support of the Notification. The Panel
independently and collectively reviewed all information provided and met on December 20, 2005
to consider the information in detail. The Notification contained detailed information on the
production of transgenic cattle from which Pharming’s hLF is ultimately obtained. In addition, the
manufacturing process by which Pharming’s hLF is isolated and purified from the milk of
transgenic cattle was well-documented in the Notification. The Panel concluded that the process
of producing transgenic cattle and the hLF manufacturing process did not raise safety concerns.
The Panel also reviewed the proposed specification for Pharming’s hLF and confirmed that
analytical data on three batches of Pharming’s hLF conformed to the specification. The Panel
critically evaluated the available data supporting the safety of Pharming’s hLF and noted that
except for minor differences in glycosylation, hLF derived from transgenic cattle was idential to
native hLF. It was the opinion of the Panel that hLF derived from transgenic cattle was
substantially equivalent to native hLF. The Panel also was provided with results of a 14-day

ge-finding toxicity study on Pharming’s hLF in rats, a GLP 90-day study in rats, and three
genotoxicity assays. The data from the 90-day rat study on Pharming’s hLF indicated a NOAEL
of 2,000 mg/kg body weight/day.

The Panel also reviewed data in the submission on the potential
allergenicity/immunotoxicity of Pharming’s hLF. The Panel was informed that since the product
was derived from bo'vine sources, the manufacturer intended to label the product as containing
milk ingredients. The Panel was statisfied that hLF derived from transgenic cattle did not present
any increased risk of allergenicity or immunotoxicity over conventional milk-derived products.
The Panel further noted that the manufacturer intended to use hLF in a variety of sports and
functional foods in an amount not to exceed 100 mg of Pharming’s hLF per serving of such foods.
These uses result in an estimated total population mean and 90" percentile intake of 0.32 and 1.00
Pharming’s LF/kg body weight/day, respectively. For users only the mean and 90" percentile
intakes are estimated to be 1.91 and 3.95 mg/kg/day, respectively.  After reviewing all the
available information the Panel concluded that Pharming’s hLF derived from transgenic cattle is
.afe for its intended uses. Thus, the Panel concluded:
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Based on our independent collective critical and in-depth evaluation of the available
pertinent, scientific (both published and unpublished) and other information, we conclude that
Pharming’s human lactoferrin — which is derived from the milk of transgenic dairy cattle carrying
and expressing a human lactoferrin gene — is manufactured in accordance with good dairy
practices and cGMPs, meets the relevant food grade specifications and, based primarily on

scientific procedures, is Generally Recognized As Safe (i.e., GRAS) for use in food as described
within the GRAS Notification.

/ )‘f\/\, _
Ian C. Munrog, PhD, FRCPath, MSc, (Panel Chair) Date
University of Toronto

Toronto, ON CAN

/// N . J—
fi ///% / ///)//// [ Des 2 o 2t arll

Jeremy H. Brock, ScD, PhD, MSc
University of Glasgow
Glasgow SCOTLAND

@)@ loftzfos

F. Jay Murray, PhD
Murray & Assoclates
San Jose, CA 95138

U

Jorge A. Piedraljita, PhD, MSc
North Carolina State University
Raleigh, NC 27606

/. J2pofos”

7 v ¥ / /
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Return address Postbus 360, 3700 AJ. Zeist. The Netherlands

" Pharming Group N.V.

Attn. Dr F. de Loos
Archimedesweg 4
2333 CN Leiden
TNetherlands

Subject
Expert Opinion

Statement concerning the bovine glycosylation of Pharming’s hLF
(chapter 3 “Allergenicity”, paragraph “Glycosylation™).

Statement:

Next to:

- the various observations addressed in the glycosylation paragraph (chapter 3) that the
bovine glycosylation of Pharming’s hLF is not likely to be a safety factor in respect to
its immunogenicity (sensitizing potential) in comparison to natural hLF,

there is, moreover,

- no indication that the bovine glycosylation of Pharming’s hLF will result in clinical
symptoms of allergy due to cross reactivity with in particular serum IgE-antibodies
against N-glycans (e.g. IgE antibodies to plant N-glycans of pollen allergic
individuals).

This statement is supported by the following observations:

- It is clear that the glycosylation of Pharming’s hLF is of a mammalian type
and that, although Pharming’s hLF and native hLF show differences in
carbohydrate structures, they do not differ in the number and location of the
glycosylation sites (see chapter 5, 6B).

- Concern in respect to the contribution of glycan epitopes to allergy is mainly
based on research with plant and invertebrate glycoproteins

- Carbohydrate structures are not generally considered as allergens

- Despite strong in vitro reactivity of IgE antibodies against carbohydrate
moieties (Cross-reacting Carbohydrate Determinants, CCD) can occur, it is
clear that they have a poor biological activity (Van der Veen and van Ree,
1997; Aalberse et al, 2001)

- From a recombinant human lactoferrin produced in plants (rice) it was shown
that, despite 1) two out of the three putative N-glycosylation sites of the
natural hLF are glycosylated, 2) serum samples of pollen allergic individuals
with IgE-reactivity to plant glycans showed significant binding to the

Nederlandse Organisatie voor
toegepast-natuurwetenschappelyk

onderzoek /Netherlands Organisation

for Apphed Scientific Research

-
'!"F.G

Toxicology and Applied
Pharmacology

Location Zeist
Utrechtseweg 48

P.O. Box 360

3700 AJ Zeist

The Netherlands

www.tno.nl

T +3130694 41 44
F +3130694 4777
infofood @ voeding.tno.nl

Date
December 19, 2005

Our reference
TAP-2005

E-mail
Penninks@voeding.tno nl

Direct dialling
+31 30694 45 64

Direct fax
+31 30 694 49 86

Project number
31657.01 03.01

The Standard Conditions for
Research Instructions given to TNO
as filed at the Registry of the
District Court and the Chamber of
Commerce in The Hague

shall apply to all instructions given to TNO,
the Standard Conditions will be sent on

request.
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Nederlandse Organisatie voor
toegepast-natuurwetenschappelijk
onderzoek /Netherlands Organisation
for Apphed Screntific Research

Ry
'550

Date
December 19, 2005
recombinant human lactoferrin isolated from rice, but negligible binding to Our reference
the natural human lactoferrin purified from breast milk, 3) histamine release TAP-2005
assays demonstrated that the IgE antibodies against plant N-glycans have a Page
poor biological activity and are of no or limited clinical relevance. Thus even 22
a recombinant lactoferrin produced from rice, which has much stronger
differences in glycosylation than Pharming’s hLF, is regarded as safe in
respect to allergenicity (GRAS notification 162).

In conclusion it is considered very unlikely that the bovine glycosylation of
Pharming’s hLF will result in clinical symptoms of allergy from the consumption of
foods containing Pharming’s hLF.

References:

Van der Veen, M., and R. van Ree. Allergens, IgE, Mediators, Inflammatory
Mechanisms; Poor Biological activity of cross-reactive IgE directed to carbohydrate
determinants of glycoproteins. J Allergy Clin Immunol, 100, 327-334,1997.

Aalberse, R et al. Cross-reactivity of IgE-antibodies to allergens, Allergy 56, 478-490,
2001.

Dr A.H. Penninks I
TNO Toxicology and Applied Pharmacology
Dept. Experimental Immunology
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Statement

We, the undersigned, hereby declare that this report constitutes a true and complete
representation of the procedures followed and of the results obtained in this study by
TNO Quality of Life, and that the study was carried out under our supervision.

[
JHM. van Bilsen, Ph.D Date: .Z,! O(/(QEV‘ oS

Project Leader
Business Unit Toxicology and Applied Pharmacology
A.H. Penninks

LAJA@\
w k Date: Q/ ﬂc %é" 029’0{’
Product manager

Business Unit Toxicology and Applied Pharmacology

L]
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1 Introduction

Potential allergenicity of recombinant proteins for consumption must be investigated
before their introduction into the food chain. To asses whether the tested recombinant
protein is considered to be an allergenic risk, a database search can be performed to
reveal a level of homology with known allergens that suggests a potential for cross-
reactivity.

To evaluate whether recombinant human lactoferrine (hLF) has the ability to induce an
allergy, a BLAST search was performed against the Food Allergy Research and
Resource Program (FARRP) Protein Allergen database, using the sequence of hLF.

The FARRP Protein Allergen Database contains a comprehensive list (1191 sequence
entries) of unique proteins of known and putative allergens (food, environmental and
contact) and gliadins that may cause celiac disease. The 1191 entries were identified by
searching publicly available protein databases using the Entrez search and retrieval
system, which is a compilation of a variety of databases including SwissProt, PIR, PRF,
PDB, and translations from annotated coding regions in GenBank and RefSeq. Search
terms were the key words "allergen” and "celiac". A few additional entries were
identified by searching Medline for allergens that have not been entered in a sequence
database. The strength of the evidence regarding the allergenicity of proteins in the
database varies greatly. Some entries are from publication of peer reviewed studies
demonstrating clear clinical cause and effect for some individuals with a history of
allergy to the source material, to those where the authors of an abbreviated note or a
sequence database entry claim that protein is an allergen or binds IgE without published
proof. However, proteins that are merely similar in sequence to an allergen
(homologues) were not included in the database.
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2 Materials and methods

In this search we compared the protein sequence of hLF to entries in the FARRP
database.

To this end, a complete set of 80-amino acid length sequences (n = 613) derived from
hLF, together spanning the entire protein, were prepared and individually compared with
all the amino acid sequences of the entries in the FARRP database.

The FARRP database utilizes a sequence comparison routine, FASTA (Pearson and
Lipman, 1988). This version of the FASTA search interface utilizes the FASTA3
(Pearson, 2000) algorithm to evaluate whether the hLF protein sequence is identical to,
or homologous with known or putative allergens and gliadins in the database.
Alignments with high identity scores may indicate a potential for allergenic cross-
reactions. However, there is not sufficient scientific data to establish a simple scoring
boundary (E-score or percent identity), beyond which cross-reactivity is certain, or
below which cross-reactivity is not possible.

Based on historical data, cross-reactivity is not likely for proteins with less than 50%
identity over the entire protein sequence, and is fairly common above 75% identity
(Aalberse, 2000).

According to the FAO/WHO guidelines for allergenicity evaluation of foods derived
from biotechnology, a query protein is potentially allergenic if it either has an identitiy
of at least 6 contiguous amino acids or more than 35% sequence similarity over a
window of 80 amino acids when compared with a known allergen.

References

o Aalberse, R.C. 2000. Structural biology of allergens. J. Allergy Clin. Immunol. 106:228-
238.

o Pearson, W.R. and Lipman, D.J. 1988. Improved tools for biological
sequencecomparison. Proc. Natl. Acad. Sci. USA 85:2440-2448.

o Pearson, W.R. 2000. Flexible sequence similarity searching with the FASTA3 program
package. Methods Mol. Biol. 132:185-219.
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The amino acid sequence of recombinant hLF was provided by the sponsor (Table 1)

Table 1. hLF derived protein from cDNA sequence

51
101
151
201
251
301
351
401
451

551
601
651

GRRRRSVQWC
AENRADAVTL
KGGSFQLNEL
ARFFSASCVP
RDGAGDVAFI
VPSHAVVARS
FKDSAIGFSR
VGEQELRKCN
YTAGKCGLVP
WNSVKGKKSC
RSNLCALCIG
VLONTDGNNN
VSRMDKVERL
LARLHGKTTY

AVSQPEATKC
DGGFIYEAGL
QGLKSCHTGL
GADKGQFPNL
RESTVFEDLS
VNGKEDATWN
VPPRIDSGLY
QWSGLSEGSV
VLAENYKSQQ
HTAVDRTAGW
DEQGENKCVP
DAWAKDLKLA
KQVLLHQQAK
EXKYLGPQYVA

FQWQRNMRRV
APYKLRPVAA
RRTAGWNVPI
CRLCAGTGEN
DEAERDEYEL
LLRQAQEKFG
LGSGYFTAIQ
TCSSASTTED
SSDPDPNCVD
NIPMGLLEFNQ
NSNERYYGYT
DFALLCLDGK
FGRNGSDCPD
GITNLKKCST

RGPPVSCIKR
EVYGTERQPR
GTLRPFLNWT
KCAFSSQEPY
LCPDNTRKPV
KDKSPKFQLF
NLRKSEEEVA
CIALVLKGEA
RPVEGYLAVA
TGSCKFDEYF
GAFRCLAENA
RKXPVTEARSC
RKFCLFQSETK
SPLLEACEFL

DSPIQCIQAI
THYYAVAVVK
GPPEPIEAAV
FSYSGAFKCL
DKFKDCHLAR
GSPSGQKDLL
ARRARVVWCA
DAMSLDGGYV
VVRRSDTSLT
SQSCAPGSDP
GDVAFVKDVT
HLAMAPNHAV
NLLFNDNTEC
RK*

The FASTA program was used to compare the complete sequence of hLF to the FARRP
Protein Allergen Database. The best scores are depicted in Table 1. The most significant
scores are derived from ovotransferrin (chicken) and ovotransferrin precursor)

Table2 FASTA search with complete sequence of hLF in FARRP database

NCBI link

gil
gi
g
&
g
gi
gi

[757851|emb|CAA26040.1|
170743]gblAAB02788.1|

i{21743lemb|CAA43331.1|

18639|embjCAA33217.1]
4102959]gb| AAD01630.1|
501050/gb}AAA19162 1
30793446|dbj{BACT6688.1|

21632054/gbjAAK85129.1|
112558]pir|B37330

9.99.99. 9. 1.

1351295|sp|P02789|TRFE_CHICK

5381323|gb]AAD42943.1|AF091841_1

118216{sp|P18153|D7_AEDAE

Name

Ovotransferrin precursor chicken

ovotransferrin (chicken)
HMW glutenin subunit Ax2
high molecular weightgluteni
glycinin subunit G3
ladder protein [Acanthocheil)
phospholipase A2 inhibitor
27K protein [Triticum aest)

2S albumin precursor

elongation factor [Juniperu)
venom allergen 111 —red importe)

*Smith-Waterman score

D7 protein precuror

z-s5C

2801.7
27924
888
88.7
88.6
88.6
859
85.8
85.5
83.4
83.2
83.0

E-valug**

3.6e-151
1.2¢-150
4.6
4.7
4.7

**Expectation value: The number of different alignements with scores equivalent to or better than S that are
expected to occur in a database search by chance. The lower the E value, the more significant the score.
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The 80-mer sliding window search revealed that hLF shares significant homology with
two allergens desribed in the FARRP database: ovotransferrin. precursor (chicken) and
ovotransferrin (chicken)(Table 2). The best percentage identical amino acids {%ID) in

- 80-mer sequence in both hits was about 67%. All 613 overlapping 80-mers from hLF

showed >35% homology with ovotransferrin (precursor). The percentage identical
amninoacids in the full alignment (the whole protein, not just 80-mer sequence), was in
both hits 52%. :

Table 3 80-mer sliding window search results

+ Hits

Best %ID | #hits >35% | . Full alignment NCBI links
E-value | %ID | length

- Ovotransferrin precursor (chicken) | 67.55% | 613 0f613 | 3.6e-151 | 52.2% | 693 £i]1351295

. Qvotransferrin (chicken) 66.7% 613 0f 613 | 1.2e-150 | 51.9% | 693 gil757851
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4 Conclusion

From this study, it can be concluded that cross-reactivity between recombinant human
lactoferrin and ovotransferrin (precursor) has to be considered as an allergenic risk.

Unfortunately, it is currently not possible to define a similarity threshold in allergenicity
prediction that can truly discriminate between immunologically cross-reactive and non-
crossreactive proteins. In most cases experimental studies will be needed to confirm that
two sequence similar proteins may cause allergic cross-reactions.
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION
MEMORANDUM OF TELECONFERENCE

DATE: February 1, 2006
TIME: 3:00 PM
PHONE NUMBER: 415-957-0101 (initial contact)

PARTICIPANTS:

FDA

Jeremiah Fasano HFS-255

External

Charles Morin Morin & Associates

SUBJECT: Basis of GRAS Claim for GRN 189

Mr. Morin submitted GRN 000189 to FDA on behalf of Pharming, N.V. The notice
claims that recombinant human lactoferrin produced in bovine milk is generally
recognized as safe for use in a variety of foods, on the basis of both scientific procedures
and common use in food prior to 1958.

I contacted Mr. Morin to discuss this dual basis for Pharming’s GRAS claim. He
returned my call shortly thereafter. | explained that we expected GRAS notices to
include a GRAS determination based either on scientific procedures or on common use in
food, in accordance with 21 CFR 170.30. | requested that Mr. Morin provide a short
written statement clarifying the basis of the notifier’s GRAS determination. | noted that,
as a practical matter, we would expect to evaluate the notice on the basis of scientific
procedures, since we were not aware of any evidence that recombinant human lactoferrin
produced in bovine milk had been in common use in food prior to 1958.

Mr. Morin agreed to consider our request.

Jeremiah Fasano

R/D:HFS-255:JMFasan0:02/21/06
F/T:HFS-255:JMFasano:05/25/10

OFFICE | SURNAME DATE || OFFICE SURNAME DATE | OFFICE SURNAME DATE

FILE

COPY
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Z DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
College Park, MD 20740

February 14, 2006
Charles L. Morin
Morin & Associates
Suite 500
388 Market Street
San Francisco, CA 94111

Re: GRAS Notice No. GRN 000189

Dear Mr. Morin:

The Food and Drug Administration (FDA) has received the notice, dated December 29, 2005, that
you submitted on behalf of Pharming Group N.V., in accordance with the agency’s proposed
regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; Substances Generally
Recognized as Safe (GRAS)). FDA received this notice on January 3, 2006, filed it on January
12, 2006, and designated it as GRN No. 000189.

The subject of the notice is human lactoferrin derived from the milk of transgenic cows
expressing a human gene encoding lactoferrin. On February 8, 2006, you clarified the basis for
the GRAS determination. The notice informs FDA of the view of Pharming Group N.V. that
their lactoferrin is GRAS, through scientific procedures, for use as an ingredient in sports and
functional foods at a level of 100 milligrams per serving.

In accordance with proposed 21 CFR 170.36(f), a copy of the information in the notice that
conforms to the information described in proposed 21 CFR 170.36(c)(1) is available for public
review and copying on the homepage of the Office of Food Additive Safety (on the Internet at
http://www.cfsan.fda.gov/~Ird/foodadd.html). If you have any questions about the notice, contact
me at 301-436-1173 or jeremiah.fasano@fda.hhs.gov.

Sincerely yours,
/sl

Jeremiah Fasano
Division of Biotechnology and
GRAS Notice Review
Center for Food Safety
and Applied Nutrition
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION
MEMORANDUM OF TELECONFERENCE

Date: April 6, 2006
Time: 3:00 PM
Number: 415-957-0101

Participants:

FDA

Jeremiah Fasano HFS-255

External

Charles L. Morin Morin & Associates

Subject: Request for GRN 189 Appendices, Notice of Questions

Pharming Group, N.V. (Pharming) submitted a notice on December 29 informing FDA that
recombinant human lactoferrin produced in the milk of transgenic cows is generally recognized
as safe (GRAS) for use in sports and functional foods at a level of 100 milligrams (mg) per
serving.

Mr. Morin, Pharming’s agent, contacted me for an update on the status of the notice. | explained
that our review was in progress, and that we would appreciate the provision of a number of
appendices to the notice that were listed but not included with the original submission, namely
appendix 15 (Pharming’s GRAS panel report), appendix 16 (TNO report concerning
allergenicity), and appendix 18 (Expert opinion of Dr. A. H. Penniks concerning potential
allergenicity of Pharming’s LF). Mr. Morin had previously offered to provide any appendices
desired.

I also advised Mr. Morin that we had tentatively identified a number of questions regarding the
notice. While we were still developing clear and concise statements of these questions, we
considered it appropriate to apprise Pharming of this development.

Mr. Morin asked what our concerns were. | said that the two foremost in our minds at the
current time were:
e the potential for adverse effects of increased human lactoferrin exposure in adults, and
e the potential for breakdown of self-tolerance to endogenous human lactoferrin.
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Page 2 — April 6, 2006 Memorandum of Teleconference

| stated that once we had articulated our primary concerns to our own satisfaction, we would be
willing to discuss the relevant scientific issues with Pharming if the firm was interested in doing
so. Mr. Morin expressed his preference that the request be received in writing, and said that a
face-to-face meeting with the company’s scientists might be the most effective way of discussing
scientific issues associated with the notice.

Mr. Morin agreed to pass on the requested appendices, and | agreed to contact Mr. Morin when
we were prepared to communicate our concerns more fully to Pharming.

Jeremiah Fasano

R/D: HFS-255:JMFasano:04/06/2006
F/T: HFS-255:JMFasan0:05/26/2010
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Fasano, Jeremiah

From: Fasano, Jeremiah

Sent: Wednesday, May 17, 2006 10:18 AM
To: ‘charleslmorin@earthlink.net'

Subject: Offer to meet for discussion on GRN 189

Mr. Morin-

We have completed a preliminary evaluation of GRN 000189 for recombinant human lactoferrin expressed in bovine milk.
As discussed previously, we are providing some of our concerns in writing for your consideration. This should not be
considered an exhaustive list, but does represent what we consider significant questions that we have right now.

Lactoferrin is a known biological response modifier of the immune system. The action of various parts of the immune
system can be both beneficial and harmful, depending on the abundance and activation of the effector cell or protein
relative to other immune system components, as well as the duration of the specific immune activity. While beneficial
effects bear no weight in a GRAS determination, we are concerned about potential adverse effects of lactoferrin
consumption. These adverse effects would not necessarily appear in every susceptible individual, and would probably not
become apparent in short term human or animal studies.

e Lactoferrin has been shown to enhance Type 1 T helper (Th1) cell activity, as well as the release of specific
cytokines in the gut and systemically following oral administration. We are concerned about lactoferrin's ability,
through effects on Th1 cells, to potentially exacerbate pro-inflammatory responses by this arm of the adaptive immune
system. Chronic pro-inflammatory Th1-mediated immune responses might result in the promotion of autoimmune or
other inflammatory disorders, in the gut or elsewhere, in individuals predisposed to such disorders.

e  Pharming's lactoferrin is distinct from the endogenous lactoferrin of individual consumers with respect to

0 expected differences between the amino acid sequence of the exogenous lactoferrin and the polymorphic
endogenous lactoferrin alleles present in the general population, and
o0 the modification of some species of the exogenous lactoferrin with oligomannose glycans not found on
endogenous forms.
Even small structural or biological differences between the native and modified form of a particular protein may have a
significant impact on that protein's recognition by the immune system and subsequent response. We are concerned that
Pharming's exogenous human lactoferrin may evoke a nonallergic immune response in susceptible individuals that
disrupts previous tolerance to endogenous lactoferrin through determinant spreading from alloepitopes, the potential for
enhanced pro-inflammatory Thl responses mentioned above, and increased uptake by antigen-presenting cells via the
mannose receptor.

Given these concerns, we have questions about the evidence and information presented in the notice.

e  The notice states that lactoferrin is known for its immunomodulatory properties. However, the preclinical studies
presented in the notice do not address the immunomodulatory activities of lactoferrin. What preclinical evidence
supports the safety of exogenous lactoferrin for its intended use given its activity as a biological response modifier of
the immune system?

e  The primate and human studies of oral lactoferrin administration cited in the notice are in small populations for
relatively short periods of time. Most of the studies with recombinant human lactoferrin focus on efficacy rather than
safety, and many of the human studies involve subjects with pre-existing medical conditions. Where safety endpoints
are included, they do not appear relevant to the effects of lactoferrin as a biological response modifier of the immune
system. Is there clinical evidence that supports the immunological safety of long-term exogenous lactoferrin
administration at the proposed use level in the general population?

e The notice provides an acceptable daily intake (ADI) based on the maximal consumption of lactoferrin in human
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milk by infants. The infant immune system and gut are different from that of the adult, for example in the infant bias
towards Th2 responses relative to Thl. Given this, what evidence supports the use of exposure data derived from
infants in setting an ADI for adults that takes into account lactoferrin's activity as a biological response modifier of the
immune system?

e  The notice provides an assessment of the potential allergenicity of Pharming's lactoferrin and states that there is no
evidence to date that anti-lactoferrin antibodies are associated with autoimmune pathology. Other than this statement,
the notice does not address the potential for adverse non-allergic responses to Pharming's lactoferrin by the adaptive
immune system as described above. To what extent has Pharming evaluated this risk, and what evidence was used in
the evaluation?

While we have tried to state the essence of our concerns here, we believe that we could most effectively convey the
complexity, significance, and relationships of each concern to the others in a verbal discussion. Such a discussion would
provide you with an opportunity to clarify any points that were unclear and obtain as much detail as needed in preparing
your response. We would be willing to have a second discussion with you, potentially including members of your GRAS
panel, after you have had time to consider the issues we have raised,. In our estimation, these issues are sufficiently
complex that we do not expect that you will necessarily be prepared to address them all at our first meeting.

We would be available to meet by phone or in person after May 31%t, 2006 to explain our concerns. If this is agreeable,
please provide us with a few dates (and time of day) that would be best for you and we will confirm if the appropriate FDA
staff are available.

Sincerely,

Jeremiah Fasano

Jeremiah Fasano, Ph.D.

Consumer Safety Officer

Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety

Center for Food Safety and Applied Nutrition

Food and Drug Administration

Note Transition to New Email Address: jeremiah.fasano@fda.hhs.gov

Phone: 301-436-1173
Fax: 301-436-2964

Mailing Address:

HFS-255

5100 Paint Branch Parkway
College Park, MD 20740

This e-mail is intended for the exclusive use of the recipient(s) named above. It may contain information that is protected, privileged, or confidential, and it should not be
disseminated, distributed, or copied to persons not authorized to receive such information. If you are not the intended recipient, any dissemination, distribution or copying is strictly
prohibited. If you think you have received this e-mail message in error, please e-mail the sender immediately at jfasano@cfsan.fda.gov.

Jeremiah Fasano, Ph.D.
Consumer Safety Officer
Division of Biotechnology and GRAS Notice Review

6/27/2007
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Office of Food Additive Safety
Center for Food Safety and Applied Nutrition
Food and Drug Administration

Note Transition to New Email Address: jeremiah.fasano@fda.hhs.gov

Phone: 301-436-1173
Fax: 301-436-2964

Mailing Address:

HFS-255

5100 Paint Branch Parkway
College Park, MD 20740

This e-mail is intended for the exclusive use of the recipient(s) named above. It may contain information that is protected, privileged, or confidential, and it should not be
disseminated, distributed, or copied to persons not authorized to receive such information. If you are not the intended recipient, any dissemination, distribution or copying is strictly
prohibited. If you think you have received this e-mail message in error, please e-mail the sender immediately at jfasano@cfsan.fda.gov.
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Fasano, Jeremiah

From: Charles Morin [charlesimorin@earthlink.net]

Sent: Thursday, June 01, 2006 4:50 PM

To: Fasano, Jeremiah

Cc: Frans de Loos

Subject: Re: FDA-Pharming Discussion - June 29th @ 10 am EST is open

Dear Dr. Fasano,

Thank you for your email concerning reservation of June 29th at 10:00 a.m. EST for our meeting concerning hLF for food use. |
understand that the time and date are a go. As of this date, they are also a go for Pharming. However, as indicated to you earlier, we
are adding additional expertise (in immunology) to our hLF project team to respond to CFSAN's concerns and hope to be fully
prepared so as to be able to proceed on June 29th. If we cannot be fully prepared by that date, then we should know by June 12th
and | will let you know.

In any case, | will communicate with you in a week or so as to final details.

Thanks for your help!

Charles L. Morin

Morin & Associates

388 Market Street, Suite 500
San Francisco, CA 94111
us

Phone: (415) 957-0101
Fax: (415) 957-5905

Email: charlesimorin@earthlink.net

————— Original Message -----

From: Fasano, Jeremiah

To: 'charleslmorin@earthlink.net'

Sent: Tuesday, May 30, 2006 9:30 AM

Subject: FDA-Pharming Discussion - June 29th @ 10 am EST is open

Mr. Morin-
The 10 am slot on June 29th works for us - I've reserved it for the necessary FDA personnel.
Regards-

-Jeremiah Fasano

Jeremiah Fasano, Ph.D.

Consumer Safety Officer

Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety

6/27/2007
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Center for Food Safety and Applied Nutrition
Food and Drug Administration

Note Transition to New Email Address: jeremiah.fasano@fda.hhs.gov

Phone: 301-436-1173
Fax: 301-436-2964

Mailing Address:

HFS-255

5100 Paint Branch Parkway
College Park, MD 20740

This e-mail is intended for the exclusive use of the recipient(s) named above. It may contain information that is protected, privileged, or confidential, and it should not be
disseminated, distributed, or copied to persons not authorized to receive such information. If you are not the intended recipient, any dissemination, distribution or copying is
strictly prohibited. If you think you have received this e-mail message in error, please e-mail the sender immediately at jfasano@cfsan.fda.gov.

6/27/2007
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Fasano, Jeremiah

From: Charles Morin [charlesimorin@earthlink.net]
Sent: Monday, June 12, 2006 1:48 PM

To: Fasano, Jeremiah

Subject: CFSAN Meeting with Pharming

Follow Up Flag: Follow up
Flag Status: Completed

Dear Dr. Fasano,

This communication makes two requests. First and with regard to the meeting date (currently set for June 29th at 10:00am), as
anticipated (and as mentioned to you in an email on June 1st) it is taking longer to arrange for additional experts and prepare for the
meeting than Pharming had hoped. Consequently, so as not to waste CFSAN time and resources, Pharming respectfully requests
that the meeting date be changed to July 13th (if possible). Pharming apologizes for any inconvenience this request may cause.

Second, in prior communications with you, you had indicated that (in addition to two major concerns) CFSAN also had some minor

concerns/questions. If such questions currently exist, please forward a copy of them to us so that Pharming can proceed to respond
(in writing) to all outstanding questions.

Thank you for your continuing efforts.
Best regards.

Charles L. Morin

Morin & Associates

388 Market Street, Suite 500

San Francisco, CA 94111
us

Phone: (415) 957-0101
Fax: (415) 957-5905

Email: charlesimorin@earthlink.net

6/27/2007
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Agennix Incorporated

Agene<

June 27, 2006

Laura M. Tarantino, Ph.D. (HFS-200)
Director, Oftice of Food Additive Safety
Center for Food Safety and Applied Nutrition
Food and Drug Administration

Room 3044

University Station

4300 River Road

College Park, Maryland 20740

Re:  Safety Concerns Raised by Recombinant Human Lactoferrin from Transgenic Cows
(GRN No. 000189 Submitted by Pharming Group N.V.)

Dear Dr. Tarantino:

This letter is to address the claim of Pharming Group N.V. (“Pharming”) in GRN No. 000189,
submitted to FDA’s Center for Food Safety and Applied Nutrition (CFSAN), that recombinant
human lactoferrin (thLF) from transgenic cows is generally recognized as safe (GRAS) for use in
sports and functional foods and drinks. As you know, Agennix is a biopharmaceutical company
focused on developing protein-based drugs for the treatment of cancer and diabetic ulcers. We
have significant experience with rthLF from a fermentation process that conforms to current good
manufacturing process (cGMP) requirements for drugs, and have been conducting clinical trials
with oral rhLF under Investigational New Drug Applications (INDs) filed with the FDA since
1996. Agennix recently completed blinded, placebo-controlled Phase 11 clinical trials with rhLF
that met their primary efficacy endpoints in indications including non-small cell lung cancer and
diabetic foot ulcers.

We have carefully reviewed GRN 000189 and consulted with leading experts qualified by
scientific training and experience to assess the safety of transgenic cow-produced thLF for the
proposed uses. As explained more fully below and in the attached scientific assessments, serious
concerns and unanswered questions preclude any determination that transgenic cow-produced
rhLF is GRAS. Indeed, opinions of qualified experts confirm that rhLF is a potent and complex
bioactive molecule for which extensive clinical investigations of appropriate size and duration—
far beyond those described in GRN 000189—are warranted to establish safety. Accordingly, we
respectfully ask that FDA conclude that this notification does not provide a basis for a GRAS
determination. The scientific assessments and other supporting materials on which this request is
based are provided in Appendix Volumes 1 and 2. 1/

1/ Appendix Volume 1 provides a detailed assessment of safety concerns raised by the claimed GRAS
status of thLF from transgenic cows. Volume 1 also contains letters from Dr. Simon Roger, Dr. Irma van Die
and Dr. Eugene Weinberg commenting on GRN No. 000189, as well as a copy of Pharming’s web page that
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L. THE GRAS STANDARD

As you are aware, a substance added to food is a “food additive” for which FDA pre-market
approval is required unless the substance is GRAS or qualifies for another statutory exemption.
The intended use of a substance is GRAS if it is—

generally recognized, among experts qualified by scientific
training and experience to evaluate its safety, as having
been adequately shown through scientific procedures (or, in
the case of a substance used in food prior to January I,
1958, through either scientific procedures or experience
based on common use in food) to be safe under the
conditions of its intended use . . . 2/

As the statutory language suggests, a GRAS determination may be based either on “scientific
procedures” or common use in food prior to 1958. A GRAS determination based on scientific
procedures requires the same quantity and quality of scientific evidence as is required to obtain
approval of a food additive regulation for the ingredient. 3/

Based on the statute, FDA has advised that a GRAS determination requires three elements, all of
which must be present:

1. Evidence that a substance is safe for its intended use;

2. A basis for concluding that such evidence of safety is generally available; and

3. A basis for concluding that such evidence of safety is the subject of scientific consensus
among qualified scientific experts.

FDA refers to the first element as “technical evidence of safety”; the second and third criteria
collectively constitute the “common knowledge” element of the GRAS standard.

Technical evidence of safety requires a showing that “there is a reasonable certainty in the minds
of competent scientists that the substance is not harmful under the intended conditions of use.” 4/
This is frequently paraphrased as demonstrating that there is a “reasonable certainty of no harm.”
The second element, general availability, requires publication of key data or information in peer-
reviewed scientific journals, general reference materials, textbooks, or other appropriate

suggests pharmaceutically relevant uses for transgenic cow-produced thLF. Appendix Volume 2 contains
copies of the CV’s for the experts contributing to the scientific assessment.

2 FFDCA § 201(s).
3/ 21 C.F.R. § 170.30(b).

4/ 21 C.F.R. § 170.3(i); 62 Fed. Reg. 18937, 18948 (Apr. 17, 1997).
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sources. 5/ The third element, expert consensus, may be demonstrated by the scientific literature,
documentation of the opinion of an expert panel, or the pertinent opinion of an authoritative body,
such as the National Academy of Sciences (NAS), among other references. 6/ Expert consensus
does not require unanimity; however, the existence of a “severe conflict’ among experts will
preclude a GRAS determination.7/

IL APPLICATION OF THE GRAS STANDARD TO RECOMBINANT HUMAN
LACTOFERRIN FROM TRANSGENIC COWS

Pharming fails on all three counts of the GRAS standard. Specifically, (1) GRN 000189 fails to
establish that transgenic cow-produced rhLF presents a reasonable certainty of no harm under the
intended conditions of use; (2) Pharming fails to cite published studies that credibly support the
safety of rhLF from transgenic cows; and (3) a severe conflict exists between scientists consulted
by Pharming and numerous highly qualified scientists with specific expertise in lactoferrin, the
toxicological significance of glycosylation, immunogenicity of recombinant proteins and other
subjects pertinent to an evaluation of GRN 000189.

Technical Evidence of Safety

As the attached scientific assessments state, rhLF is a complex molecule with potent biological
activity for which a rigorous safety assessment is warranted. In a drug context, extensive clinical
trials and post-market surveillance are needed to adequately assess the safety of a bioactive
substance such as rhLF because adverse reactions may not be evident absent extended study. In
a food context involving comparable conditions of use, an even greater assurance of safety is
essential due to the general availability of the product and absence of direct medical supervision.

In GRN 00189, Pharming asserts that rhLF from transgenic cows is GRAS for use in sports and
functional foods and drinks at levels not to exceed 100 mg/serving. The assertion that thLF from
transgenic cows is GRAS is based on (i) claimed substantial equivalence between thLF from
transgenic cows, native human lactoferrin and rthLF from a cGMP fermentation process, and (ii)
the opinion of an expert panel that thLF from transgenic cows presents no immunotoxicity or
other safety concerns. As described in the attached assessments, however, Pharming’s analysis
fails to adequately address numerous important safety issues, including the following:

¢ Differences of potential toxicological significance between transgenic cow-produced
rhLF and other types of lactoferrin, including native human lactoferrin and rthLF from a
cGMP fermentation process.

The glycosylation pattern that is unique to transgenic cow-produced rhLF is of
particular concern. Glycosylation can have a significant impact on the function and
safety of proteins, including impacts on pharmacokinetics, immunogenicity and

S/ 21 C.F.R. § 170.30(b); 62 Fed. Reg. at 18942-43.
6/ 62 Fed. Reg. at 18940-43.

7/ See 62 Fed. Reg. at 18939,

0001235
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allergic potential, stability, resistance to thermal or enzymatic degradation and
specific activity.

o The absence of relevant studies sufficient to assess the safety of transgenic cow-produced
rhLF.

Only one clinical trial with transgenic cow-produced rhLF is referenced in GRN
000189-—an unpublished study with six subjects who consumed two acute 52 mg
doses of transgenic cow-produced rhLF over a 24-hour period. Other clinical trials
cited by Pharming involved rhLF from a cGMP fermentation process, which differs
significantly from transgenic cow-produced rhLF.

° [Immunotoxicity concemns.

The GRAS submission does not adequately address (i) immunotoxicity risks posed by
major differences between the composition of transgenic cow-produced rhLF and
native lactoferrin, and (ii) the possibility that administration of recombinant Auman
lactoferrin with bovine glycosylation, along with up to 10% contaminating foreign
proteins and carbohydrates, may induce recognition of thLF as a foreign protein with
resulting cross-reactivity to an individual’s native lactoferrin.

. Potential induction or exacerbation of autoimmune disease and generation of anti-
lactoferrin antibodies.

Published literature cited in the GRAS Notice indicates that (i) lactoferrin is a potent
immunostimulatory molecule known to induce a systemic immune response in both
animals and humans, (i) anti-lactoferrin antibodies are associated with a host of
serious human autoimmune diseases, and (iii) there is animal evidence suggesting that
lactoferrin might indeed exacerbate autoimmune disease. These concerns raised by
these literature references are not adequately addressed.

e Other risks associated with extended dosing with any rhLF.

These include risks of iron-overload in susceptible individuals, iron delivery to iron-
constrained pathogens, iron delivery to tumors, systemic amyloidosis caused by
lactoferrin variants, induced changes to immune function, induction of antibiotic
resistance and viral activation.

e An intended daily dose far in excess of exposure to native LF (which is not equivalent to
rhLF from transgenic cows in any event).

The intended daily dose for transgenic-produced rhLF cited by Pharming is up to a
hundred times higher than that resulting from the levels of native LF claimed to be
present in saliva.

e Concerns relating to the manufacturing of rhLF in transgenic cows.

000126
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Highly controlled systems for production, purification and characterization are
required to ensure the integrity and safety of complex recombinant proteins. The
production of rhLF in transgenic cows is not sufficiently controlled to allow for a
consistent and pure final product that is free from potentially harmful impurities,
degradation products, and contaminants. The genetic stability of the host expression
system (transgenic cows) has not been established.

Based on these and other concerns, the experts consulted by Agennix found that GRN 000189
raised substantial issues and unanswered questions that preclude a finding of safety for the
intended conditions of use. Indeed, these experts believe that rigorous testing, including clinical
trials of appropriate size and duration, would be required before transgenic cow-produced rhLLF
could be considered safe for addition to the food supply.

This last point is particularly important. Although many GRAS determinations have been made,
and should continue to be made, based on an established battery of animal toxicology studies and
safety factors that establish safe conditions of use, there are some compounds that must
necessarily be subject to rigorous clinical testing in order to demonstrate a reasonable certainty
of no harm, as required by the statute. This especially includes molecules such as recombinant
human proteins with potent biological activities and toxicities that may not be accurately
reflected in animal models, and immunomodulatory molecules whose full spectrum of activity
can only be observed following extended administration and surveillance in humans. We believe
that rhLF, with its potent biological effects demonstrated in Phase II clinical trials in cancer and
diabetic ulcers, is one such substance.

Past examples of compounds that also warranted significant clinical testing data include artificial
sweeteners and fat substitutes, so FDA has ample precedent to require such significant clinical
testing. Even though these other examples were in the context of a food additive petition, the
legal standard for showing technical evidence of safety, as noted on page 2 above, is exactly the
same for food additives and GRAS substances. We believe, as a matter of scientific evidence,
that extensive clinical trials are needed for rhLF in order to adequately investigate the critical
question of how humans will react to this compound under widespread conditions of long term
use. The scant clinical evidence referenced in GRN 000189 does not even scratch the surface of
what is needed to meet the statutory standard and protect public health.

The concerns stated above are serious and should preclude GRAS status for any sports or
functional food or drink application of rhLF from transgenic cows. These concerns are even
more pressing in light of the perceived therapeutic uses for which transgenic cow-produced rhLF
might be consumed. Public statements of Pharming indicate that thLF from transgenic cows will
be expressly or implicitly promoted for therapeutic uses that are functionally indistinguishable
from proposed drug uses undergoing critical evaluation by FDA’s Center for Drug Evaluation
and Research (CDER). Pharming’s website states clearly that “human lactoferrin (hLF) is a
natural protein that helps to fight and prevent infections and excessive inflammations and
strengthens the defense system of the human body . . . and has been shown to fight bacteria that
cause infections of the eye and lungs . . . which makes it a good candidate for a number of
product applications. Since the protein has the ability to bind iron, is a natural anti-bacterial, anti-
fungal and anti-viral, is an antioxidant and also has immunomodulatory properties, large groups
of people might benefit from orally administered lactoferrin.” These statements suggest

Page 5 of 9 000127



)

)

pharmaceutically relevant activities. A copy of Pharming’s web page containing these
statements is provided in Appendix Volume 1.

We recognize that the regulatory classification of a product as a “drug” due to an intent to treat,
prevent, cure, or mitigate disease does not typically factor into an assessment of whether the
product meets the GRAS standard (i.e., assessment of whether a product is a “drug” under
section 201(g) of the Federal Food, Drug, and Cosmetic Act is not usually considered as part of a
GRAS assessment conducted under section 201(s)). By law, however, the safety of a substance
that will be added to food is to be assessed in light of its intended use, taking into account its
“probable consumption.” Based on Pharming’s apparent intent to market rhLF from transgenic
cows for its pharmaceutical or pharmacological benefits, it is entirely appropriate for CFSAN to
consider the unique types of harms that may result from individuals consuming rhLF for
perceived therapeutic effects in potentially unlimited doses for unlimited periods of time. 8/
Indeed, the law requires consideration of these factors, as GRAS for a food compound must be
shown “under the conditions of its intended use.” Moreover, a GRAS determination for thLF
should require a safety assessment even more rigorous than that required by CDER, to account
for general availability of the substance without prescription or ongoing medical supervision.

The Common Knowledge Element—Publication

Pharming cites no published studies that support the safety of its thLF from transgenic cows. All
of the studies cited by Pharming are either unpublished or are not applicable to rhLF from
transgenic cows, including studies conducted with rhLF from a cGMP fermentation process.
Further, Pharming’s assertions concerning the substantial equivalence of rhLF from transgenic
cows to native human lactoferrin or rthLF from a cGMP fermentation process are unfounded in
light of published information to the contrary concerning such biologically important features as
glycosylation and specific contaminants. Accordingly, GRN 000189 fails to satisfy the second
element of the GRAS standard—demonstration that key studies and information supporting the
GRAS determination are generally available to qualified experts.

The Common Knowledge Element—Severe Conflict Among Qualified Experts

Finally, Pharming clearly fails to satisfy the third element of the GRAS standard—demonstration
that the safety of the proposed use of rthLF from transgenic cows is the subject of expert
consensus. Consensus is lacking because more than a dozen experts qualified by scientific
training and expertise to evaluate the safety of transgenic cow-produced rhLF do not consider it
to be safe or generally recognized as safe for use in food.

As discussed in FDA’s GRAS proposal and the pertinent case law, a proponent of a GRAS claim
bears the burden of establishing expert consensus (i.e., that experts “generally” consider the
ingredient at issue to be safe). The courts and FDA have interpreted this to mean that, although a
mere divergence of views will not necessarily preclude GRAS status, as “even properly

8/ These concerns are exacerbated by the possibility that rhLLF may be used disproportionately by
susceptible groups including immunocompromised individuals, those with systemic infections and infants.
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conducted studies may produce disagreement,” 9/ a “severe conflict” of expert opinion will
prevent a finding of general recognition. 10/

There is no bright-line test for identifying what constitutes a “severe conflict,” but courts have
found a “severe conflict” to exist after evaluating the merits of each situation. In one case, even
where the proponent of a GRAS claim presented the testimony of seven experts supportive of
GRAS status, general recognition was found to be lacking in light of persuasive opposing views
offered by “several” government experts._11/ In another case, “sharply divided testimony” was
found to present a severe conflict of opinion. 12/ Expert testimony critical of general
recognition in that case suggested that the studies presented did not prove safety or efficacy and
that the studies were not “well controlled” within the meaning of FDA’s regulations. 13/
Although these and other cases addressing expert consensus involve drug products, the expert
consensus standard is the same for both food products and drugs. 14/ For both food products
and drugs, determining whether there is a meaningful and substantive dispute is key.

Expert credentials are also important when assessing whether expert consensus exists. In one
case evaluating the status of a drug for the treatment of various vaginal infections, the court gave
great weight to the opinions of several chairmen of leading Obstetrics and Gynecology
departments. The court stated that “it cannot be denied that the affidavits of five of the leading
doctors in the field which deny general recognition creates more than a ‘mere’ conflict . . . [i]t is
inconceivable that a drug such as this could be considered generally recognized in the face of
such learned non-recognition.”_15/

9/ See, e.g., United States v. Articles of Food and Drug . . . “Coli-Trol 80", 518 F.2d 743, 746 (5th Cir.
1975).

10/ 62 Fed. Reg. at 18939 (citing United States v. Articles of Drug . .. 5,906 boxes, 745 F.2d 105, 119 n.
22 (1st Cir. 1984); United States v. An Article of Drug . . . 4,680 Pails, 725 F.2d 976, 990 (5th Cir. 1984);
Premo Pharmaceutical Lab. v. United States, 629 F.2d 795, 803 (2d Cir. 1980); Coli-Trol 80, 518 F.2d at 746
(5™ Cir. 1975); United States v. Articles of Drug . . . Promise Toothpaste, 624 F.Supp. 776, 782 (N.D. IIL
1985), aff’d 826 F.2d 564 (7" Cir. 1987)).

1L/ See, e.g., Pails, 725 F.2d at 990 (holding that presentation by the United States of the views of
“several experts” that a drug was not generally recognized as effective showed a “severe conflict” in the expert

testimony and precluded general recognition).

12/ United States v. An Article of Drug . . . X-Otag Plus Tablets, 441 F.Supp. 105, 113-114 (D. Colo.
1977).

13/ Id at113.

14/ See, e.g., 62 Fed. Reg. at 18938-18939 (citing drug and food precedent in discussion of meaning of
GRAS standard under section 201(s) of the FFDCA).

15/ United States v. An Article of Drug . . . “Mykocert”, 345 F.Supp. 571 (N.D. Ill. 1972).
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Finally, the general quality of the evidence on which expert consensus is suggested to be based is
also relevant. A lack of general recognition was found in one case where expert witnesses knew
of no studies supporting a finding of general recognition and the manufacturer responded with
“irrelevant or incomplete studies, expert opinions based on these tests or clinical experience (as
opposed to clinical studies), and the interested opinions of . . . salesmen.” 16/ The court stated
that general recognition is precluded where there is a “lack of the proper reputation for ... safety
of the food additive among appropriate experts” or “what reputation there is, is not based on
adequate studies.” 17/ Accordingly, even expert opinions lack persuasive value where the
underlying evidence is weak or incomplete.

Agennix, the clear worldwide leader in research, development and production of rhLF, has
consulted leading international experts on lactoferrin, glycosylation, immunogenicity,
biosimilars and related subjects relevant to the safety of rhLF from transgenic cows. These
experts include, among others, a pioneer in the field of lactoferrin research, a founder and
director of a major center for Medical Glycobiology, and an author of more than 200 papers in
peer-reviewed journals addressing biotechnology-derived therapeutic proteins (with a recent
emphasis on biosimilars and the immunogenicity of therapeutic proteins). These highly qualified
experts have expressed serious concern regarding the safety of rhLF from transgenic cows,
demonstrating a “severe conflict” of expert opinion. Although the opinions of one or two of
these experts would be compelling, the opinions of more than a dozen experts concurring in the
attached scientific assessments unambiguously demonstrates a “severe conflict” that precludes
GRAS status.

In summary, the clear lack of scientific consensus that rthLF is GRAS is evidenced by the
published literature raising legitimate safety questions and by the views of scientific experts
whose opinions are expressed in the attached scientific assessments. That so many, and such
highly qualified, experts have expressed serious concern about the proposed use qualifies as a
“severe conflict” of expert opinion and precludes GRAS status for rhLF from transgenic cows.

HI.  CONCLUSION

After carefully reviewing GRN 000189 and consulting with leading experts qualified to judge
the complex safety issues raised by rhLF from transgenic cows, it is our view that Pharming
presents insufficient data and information to reach any credible conclusion about the safety of
transgenic cow-produced rhLF in humans. In view of the documented biologic activity of rhLF
and its ability to induce clinically significant changes in immune function, we believe that
transgenic cow-produced rhLF has not been shown to be safe for use in food products under the
anticipated conditions of use, and that there is a severe conflict among qualified experts
regarding its safety. Accordingly, we ask that FDA respond to this GRAS Notice by concluding
that an adequate basis for a GRAS determination has not been provided.

16/ “Coli-Trol 807, 518 F.2d at 747.

17/ Id. at 746.
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Agennix appreciates CFSAN’s consideration of this important information as Pharming’s GRAS
exemption claim for rhLF from transgenic cows is considered. Please do not hesitate to contact
us if there are any questions or if additional information would be useful.

Sincerely,

o

Rick Barsky
Chief Executive Officer

Cc: Robert Merker, Ph.D. (HFS-255)

Consumer Safety Officer
Division of Biotechnology and GRAS Notice Review
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SAFETY CONCERNS RAISED BY RECOMBINANT HUMAN LACTOFERRIN
PURIFIED FROM THE MILK OF TRANSGENIC COWS:
SCIENTIFIC ASSESSMENT OF GRAS NOTICE NO. 000189
SUBMITTED BY PHARMING GROUP, N.V.

We have been asked to review data and information presented in GRAS Notice No.
000189 concerning the safety of recombinant human lactoferrin (thLF) produced in
transgenic cows. This Notice asserts that transgenic cow-produced rhLF is generally
recognized as safe (GRAS) within the meaning of the Federal Food, Drug, and Cosmetic
Act for use in sports and functional foods at levels not to exceed 100 mg/serving. The
assertion that transgenic cow-produced rhLF is GRAS is based on (i) claimed substantial
equivalence between transgenic cow-produced rhLF, other forms of recombinantly
produced human lactoferrins and native human lactoferrin derived from human milk, and
(ii) opinions of an expert panel that transgenic cow-produced rhLF presents no
immunotoxicity or other safety concerns.

RhLF is a complex molecule with potent biological activity for which a rigorous safety
assessment is warranted. We are aware of Phase II clinical trials in which rhLF from a
cGMP fermentation process was found to meet efficacy endpoints for indications such as
non-small cell lung cancer. The drug demonstrated promising anti-cancer activity
although adverse events were observed. Considering the anti-cancer activity observed
with rhLF, and its early promise as a novel and effective anti-cancer drug, extensive
clinical trials will be required to evaluate its safety as a drug prior to its being made
available to patients under a doctor’s prescription. Post-market surveillance will also be
required to adequately assess its safety following administration to a larger patient
population. RhLF’s use as a cancer drug involves its use under medical supervision by
patients who have few alternatives available and who will receive anti-cancer therapy for
a limited period of time. In contrast, allowing rhLF to be marketed in a food context will
enable its consumption by a much larger number of people for unlimited periods of time
and without medical supervision or post-market surveillance. Thus, an even greater
assurance of safety is required than would be needed prior to rhLF’s approval as an anti-
cancer drug.

The conditions of use for transgenic cow-produced rhLF as described in the Notice are
assumed to be comparable to likely drug uses because the identified “sports and
functional food” categories are consumed for perceived effects on bodily structures or
functions (as opposed to technical effects in food processing). The rhLF will be
recommended for consumption at substantial dosage levels, and the Notifier has implied
that the products will be marketed for express or implied benefits of a pharmaceutical
nature.

In our expert opinion, the Notice raises substantial issues that preclude a finding of safety
(i.e., a reasonable certainty of no harm) for the conditions of use, and that warrant further
investigation, including clinical trials of appropriate size and duration. Of particular
concern are the absence of adequate clinical trials with transgenic cow-produced rhLF
required to assess differences of possible toxicological consequence between transgenic
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cow-produced rhLF and other forms of lactoferrin, and failure of the Notice to
sufficiently address a wide range of safety risks, including risks arising from long-term
exposure to this highly active immunomodulatory agent. We also note that the intended
daily dose substantially exceeds exposure from native human lactoferrin. This
assessment addresses the following specific concerns:

1. Comparison of the intended daily dose of transgenic cow-produced rhLF to
normal exposure to human lactoferrin ,

2. Absence of adequate safety studies conducted with transgenic cow-produced
rhLF,

3. Specific glycosylation risks with transgenic cow-produced rhLF,

4. Potential long-term immunological risks with any rhLF, and

5. Other risks associated with extended dosing with any rhLF.

We also note what appear to be substantial safety concerns relating to the manufacture of
transgenic cow-produced rhLF as described in GRAS Notice No. 000189. These
concerns are addressed in detail in Attachment A and include the following
observations:

e Genetic stability of the host organism is insufficiently characterized or controlled.
Production and purification processes are not adequately controlled.

e Product characterization including glycosylation, secondary and tertiary structure,
degradants, aggregation and contaminants is incomplete and does not provide
assurances that product differences or contaminants will not pose safety risks.

e Long-term stability data are insufficient to guarantee the integrity of the product
as it is intended for market.

For these reasons, we conclude that available information fails to establish transgenic
cow-produced rhLF as presenting a reasonable certainty of no harm under the claimed or
probable conditions of use. Specific data and information supporting this conclusion are
presented in detail below.

1. Comparison Of The Intended Daily Dose Of Transgenic Cow-Produced RhLF to
Normal Exposure to Human Lactoferrin

The GRAS Notice states that transgenic cow-produced rhLF is intended for use in sports
and functional foods at the following doses:

Product Content: 100 mg per serving
Estimated Maximum Daily Consumption: 214 mg per person

The Notifier bases these estimates on projected 2-day consumption averages for
representative food products based on USDA data collected as far back as 1994.
However, these projected consumption levels may substantiaily underestimate the doses
received by significant population sub-groups such as athletes or those who might
perceive a health benefit related to greater consumption of thLF. Since there is no

Page 2

000134



)

reliable means of limiting the consumption of food products containing rhLF, a safe dose
must consider the potential for excess consumption by some segments of the population.
The Notifier’s projected consumption levels are comparable to the levels effectively
administered to patients in clinical trials supporting rhLF’s intended approval as a
pharmaceutical drug. These pharmaceutically effective doses were as low as 250
mg/day. Additionally, the total cumulative dose received over the course of months and
years must be considered.

The GRAS Notice further proposes using a bolus of transgenic cow-produced rhLF that
results in a daily dose that is up to a hundred times higher than the levels of native
lactoferrin that are normally consumed in saliva. It should also be noted that native
lactoferrin levels in saliva from adults may be as low as 3.4 pug/mL, a level ten times
lower than that assumed by the Notifier (Lentner 1981). Notwithstanding the Notifier’s
assertions about the safety of endogenous hLF, it must be emphasized that the oral dose
of hLF consumed in saliva represents a homeostatic level and that the safety of disrupting
this homeostatic equilibrium through the introduction of exogenous lactoferrin, whether
hLF or rhLF, cannot be assumed.

Such large doses of transgenic cow-produced rhLF have never been adequately safety
tested in humans, either in the Notifier’s intended uses or for extended periods of time.
The pharmacological effects of large doses of transgenic cow-produced human lactoferrin
are not fully understood and could pose health risks, including those related to significant
and sustained changes in immune function.

The GRAS Notice does not present adequate data to address these potential safety risks.

2. Absence Of Adeguate Safety Studies Conducted With Transgenic Cow-Produced
RhLF

GRAS Notice 000189 presents inadequate data from safety studies with rhLF produced in
transgenic cows. The following tables summarize all of the studies conducted with the
Notifiers’s transgenic cow-produced rhLF cited in the GRAS Notice.

Animal Toxicology Studies with Notifier’s RhLF

[ Species (n=) | Duration | Dose Reference Location
Neonatal | 24 14 Days | 0, 10, 100, 1000 and (Unpublished) Page 38
Rats per 6000 mg/kg/day t.i.d. Notifier’s thLF

group
Rats 20 91 Days | 0, 200, 600, and 2000 (Unpublished) Page 38
per mg/kg/day Notifier’s rhLF
group
Acute 10 4 hrs 5.0 g/m’ aerosol (Unpublished) Page 42
Inhalation Notifier’s rhLLF
(Rats)
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Other Animal Studies with Notifier’s RhLF*

Study (n=) | Duration | Dose Reference Location

(Species)

Allergenicity | 15 24- 48 30% or 10% rhLF in (Unpublished) Page 40

(Guinea Pig) hrs saline - topical Notifier’s rthLF

Dermal 3 1- 72 hrs | 1000 mg topical (Unpublished) Page 41

Irritation Notifier’s thLF

(Rabbits)

Eye 3 1- 72 hrs | 12 mg topical (Unpublished) Page 42

Irritation Notifier’s rthLF

(Rabbits) ‘

Human Studies with Notifier’s RhLF

Species (n=) | Duration | Dose Reference Location

Humans |6 24 hrs 52 mg b.i.d. for 1 day (Unpublished) Page 43
Notifier’s rhLF

)

* In addition to these studies, unpublished data was presented asserting negative results
from a series of in vitro and in vivo genotoxicity assays.

The data presented in GRAS Notice 000189 are insufficient to substantiate the safety of
transgenic cow-produced rhLLF. While a series of unpublished preclinical studies and
assays are cited, the GRAS submission references only one human study with the
Notifier’s transgenic cow-produced rhLF. This unpublished study had only six subjects
who were administered two acute 52 mg doses over a 24 hour period. This study is not
sufficient to establish the safety of a highly bioactive compound such as rhLF. The total
dose level administered in this study amounts to only one half the dose the Notifier
predicts may be consumed in food in a single day. These data are also inadequate to
assess the safety risks of long-term rhLF administration. In fact, to demonstrate safety
one should administer higher than normal doses (rather than lower than normal doses)
over an extended period to large numbers of people to observe whether there might be
long-term effects in a subset of the population.

The toxicity and immunogenicity studies performed by the Notifier were conducted in
rats, guinea pigs and rabbits. These studies are not relevant, since these animals cannot
mimic the human immune response to human glycoproteins (Descotes 2004).

The Notifier also incorrectly asserts the safety equivalence of various forms of lactoferrin
including transgenic cow-produced lactoferrin, natural human lactoferrin, raw human
milk, thLF produced by ¢cGMP fermentation techniques in Aspergillus, thLF produced in
rice and raw rice grain containing thLF. There are substantial differences between these
various compounds and alternate forms of lactoferrin, including differences in
glycosylation that may present significant health risks. Some of the glycans on
transgenic cow-produced rhLF and the plant glycans on rice-produced rhLF, for example,
are known to be both highly allergenic and immunogenic in humans.
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The Notifier asserts that the primary reason that so few clinical and preclinical studies
have been undertaken to evaluate the safety of lactoferrin is because there is “a general
consensus among experts that hLF has been shown to be safe — via natural exposure —
and at such high doses that no additional safety evaluation is necessary” (Notifier’s
Submission page 30). This statement is not correct. There is clearly no scientific
consensus on the safety of recombinant human lactoferrin. Natural hLLF has a minimal
history of safety testing in humans because the price, at over $3,600 per gram (Sigma-
Aldrich 2006), has precluded any broad-based clinical evaluation. Furthermore, a safety
claim based on native hLF (which is in itself a compound with different glycosylation
than rhLF produced in transgenic cows) “via natural exposure” is irrelevant since the
Notifier’s intended use is based on deliberate external administration, not natural
exposure. Other than suckling infants, humans normally do not consume human
lactoferrin in breast milk.

Lactoferrin is a glycoprotein -- it has both polypeptide backbone and many covalently
attached carbohydrates. The human lactoferrin that the Notifier is actually referring to as
its product is a recombinant form made in transgenic cows and therefore has the
characteristics of bovine glycosylation rather than human glycosylation. The foreign
glycosylation of a Auman protein creates, in effect, a new molecule that carries the risk of
immunotoxicity. Neither infants nor adult humans have ever been naturally exposed to
recombinant human lactoferrin transgenically produced in cows or to any other form of
rhLF.

Based on this faulty presumption of equivalence, the Notifier presents 25 additional
references (see pages 59-70 of the Notifier’s submission) for various clinical and
preclinical studies involving alternative forms of lactoferrin. By ignoring the substantial
differences between its rhLF and other lactoferrin products, the Notifier avoids the fact
that extremely limited safety studies have been done with its thLF. The data with
substantially different lactoferrin products is not relevant to any safety assessment of
rhLF produced in transgenic cows.

For example, 11 out of 25 references provided by the Notifier utilize pharmaceutical
grade rhLF produced by Agennix, Inc. using established fermentation techniques under
cGMP conditions. Four of these references (Andersen 2004, Hayes 2003, Hayes 2004,
VAMC 2003) are redundant and cover data generated within the same study. An
additional 7 of the 25 references (Davidson 1987, Davidsson 1994, Goldblum 1989,
McMillan 1977, Spik 1982, Davidson 1990, Lindberg 1997) involve the use of natural
human milk (not pure lactoferrin) and were not safety studies. Finally, the remaining
studies referenced involved native human lactoferrin, rice grain expressing human
lactoferrin or rice-produced rhLF, which in itself may present specific safety risks related
to its plant glycosylation. Thus, these studies presented by the Notifier to assert the
safety of transgenic cow-produced rhLF are inapplicable.

In spite of the Notifier’s insistence of equivalence between the alternative forms of
lactoferrin used to support the safety claims in its GRAS submission, substantial and
material differences exist between these compounds:
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¢ Transgenic cow-produced rhLF contains glycans not found on natural hLF (Van
Berkel 2002).

e Transgenic cow-produced rhLF has up to 6 amino acid differences compared to
native hLF (GRAS Notice page 12).

e Transgenic cow-produced rhLF has completely different glycosylation from rhLF
produced in rice.

e Transgenic cow-produced rhLF has completely different glycosylation from rhLLF
produced by fermentation in Aspergillus.

Furthermore, as documented by the Notifier, rhLF from transgenic cows is contaminated
with bovine lactoferrin (GRAS Notice page 18 and 20). The degree of contamination
varies from batch to batch and could be as much as 10% with bovine lactoferrin being the
major contaminant. The effect of mixing bovine lactoferrin with rhLF produced in
transgenic cows as an administered drug is clouded with uncertainty, since no
combination studies have been performed and the variable combination of the two may
have an unpredicted result.

“Biosimilar” Therapeutic Proteins Are Not Identical

Recombinantly produced “biosimilars”, such as these alternative forms of lactoferrin, are
currently regarded by FDA as different molecules requiring independent safety testing
and independent regulatory treatment.

The biological activities of protein therapeutics are invariably closely linked to the
processes used to make them. The safety, purity, and potency of a biologic therapeutic
are ensured - to this day - by maintaining the constancy of the result of each step in the
production process. Analytical science continues to improve. Nevertheless, recombinant
protein therapeutics cannot be completely characterized, and their behavior in human
patients cannot be predicted with certainty from a comparison of chemical and biological
analyses in the same way that “small molecules” can. The current regulatory frameworks
established by statute are based upon and reflect these fundamental scientific differences.

Moreover, as a protein becomes larger and more complex, the structural variability and
the analytical uncertainties increase, further increasing the differences between even
identical products manufactured using different processes. Other than antibodies, rhLF is
substantially more complex than most other recombinant therapeutic proteins (Table 1).
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Table 1. Comparison between Lactoferrin and Other Therapeutic Recombinant
Proteins

Insulin | Erythropoietin | Interferon | G-CSF Growth rhLF
alpha Hormone
(Somatotropin)
Amino Acids 52 165 165 174 191 692
Molecular 5,800 21,000 19,271 18,800 22,000 76,261
Weight
Disulfide 3 2 2 2 2 16
Bonds
Metal No No No No No Yes
coordination
Glycosylation | No Yes No No No Yes

Clinical evaluation is not simply the “gold standard” for monitoring the safety and
efficacy of biologics — it is the sine qua non of developing and commercializing a
recombinant protein therapeutic. The human immune system is more sensitive than any
available analytical method to subtle changes in protein products. Its behavior cannot be
effectively modeled or predicted based on in vitro analytical data and bioassays.

Changes in glycosylation can have profound effects on the safety and efficacy of
recombinant proteins and relevant changes can occur even between closely related host
cell species. FDA has already indicated that “biosimilar” therapeutic proteins (like
lactoferrin) produced in different expression systems may not be approvable (as
medicines) without independent clinical evaluation (FDA Draft Guidance for Industry:
Comparability Protocols - Protein Drug Products and Biological Products - Chemistry,
Manufacturing, and Controls Information. September 2003, page 8).

Although definitive guidelines still need to be finalized, there is a general opinion that
even where products are derived from the same gene and the same host cells using
identical down-stream processing, large side-by-side clinical comparisons are essential to
establish whether recombinant proteins are similar (EMEA/CPMP/3097/02 Guidelines).
This position has recently been made law in the European Union and has several
implications for transgenic cow-derived human lactoferrin:

e GRAS designation of a complex recombinant protein like rhLF is by definition
difficult to establish because data derived from a specific product usually cannot
be generalized to class level.

e Data not generated with a specific recombinant product as it will be marketed
cannot typically be used to support the safety of such a product.

e A market authorization of thLF from a specific manufacturing process should be
granted only on the basis of extensive safety testing of the product as it is
manufactured for marketing.
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In the Notifier’s comments on page 50 of the GRAS Notice, it is implied that the
glycosylation differences between transgenic cow-produced rhLF and native human
lactoferrin represent only a minor potential safety issue. In fact, these differences could
pose a major safety issue. The nature of the glycans on transgenic cow-derived human
glycoproteins could indeed have catastrophic consequences on the human immune
system and induce a plethora of immune responses. Unfortunately, as indicated above,
the Notifier does not report characterization of the glycans on its transgenic cow-
produced rhLF, which is highly concerning. A few scientific examples illustrating the
possible effects of transgenic cow-derived human glycoproteins on human immune
responses and biology are provided below.

Cows glycosylate proteins in their milk in ways that are distinct from human
glycosylation, such as using N-glycolylneuraminic acid (NeuGc) ("Hanganutziu-Deicher
antigen" (Asaoka 1994)), which is a potent antigen, instead of N-acetylneuraminic acid.
In fact, it is stated in the scientific literature that “In general, normal human tissues yield
only NeuAc, while other mammals have significant levels of NeuGc. Despite the small
structural difference between them (the methyl group in NeuAc being substituted by a
hydroxymethyl group in NeuGc), the two derivatives do not appear to be biologically
equivalent” (Moreno 1998). Humans lost the gene required for synthesizing NeuGe
many millennia ago (Varki, 2001), thus creating the situation where, when attached to a
human glycoprotein, it is considered as a “foreign” substance that invokes immunity.

Bovine glycoproteins also contain the LDN or LacdiNAc antigen and the alpha-Gal
antigen (Gal(alpha)1-3Gal-R), both of which are lacking in human milk glycoproteins
(Coddeville 1992, Nakata 1993). Both LDN and alpha-Gal carbohydrates are potent
antigens. They are also expressed by several parasites and are involved in host immunity
to parasitic infections (Die I and Cummings RD 2006). The alpha-Gal antigen is further
known to cause transplant rejection of non-human derived tissues in people (Chen 2006).

The specific glycosylation of Auman lactoferrin produced in transgenic cows can have
major consequences on its biological activity and stability. As the Notifier’s own
scientist published in 2004 (van Veen 2004), glycosylation contributes to proteolytic
stability of lactoferrin, but more importantly, bovine and human lactoferrin differ in their
susceptibility to proteolysis based on glycosylation.

Since human lactoferrin has demonstrated potent biologic activity in humans, it is crucial
from a safety standpoint to fully understand the impact of changes in glycosylation. On
page 50 of the GRAS Notice, there is a troubling misstatement by the Notifier’s scientific
expert who declares that “carbohydrate structures (glycans) are not generally considered
to be allergens”. This statement is factually incorrect. In reality, carbohydrates are
considered among the strongest antigens and allergens and many published studies show
that the types of carbohydrates likely to be found on transgenic cow-derived human
glycoproteins are potent inducers of antibody responses, including IgE (Leino 2006,
Ahrazem 2006, Chow 2005). The reason for the allergic responses to animal- and plant-
derived carbohydrate antigens is beginning to be better understood, and there is
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increasing concern about the safety of carbohydrate antigens of the type found on some
bovine glycoproteins.

As previously stated, carbohydrate antigens are highly allergenic. For example, a recent
review notes that bee venom phospholipase A2 carries an N-glycan containing the a(1,3)-
linked fucose, and several T-cell clones have been identified from bee venom-sensitized
individuals that proliferate in response to honey bee PLLA2, but not to its non-
glycosylated variants, providing evidence for the involvement of N-glycans in T-cell
recognition (Die I and Cummings RD 2006). The allergenicity of carbohydrate moieties
has been documented, and the Notifier’s expert’s statement is contradicted by a wealth of
scientific publications (Breiteneder 2005, Fotisch 2001, Betenbaugh 2004).

Carbohydrate structures on N-glycans and O-glycans that occur on many glycoproteins
from non-human origins are associated with significant human immune responses and are
also probably important in disease pathogenesis in the case of microorganisms
(Andersson 2003, Die I and Cummings RD 2006, Foetisch 2003, Malandain, 2005,
Nyame 2004, Showalter 2001).

Besides being antigenic and allergenic, carbohydrate moieties of glycolipids and
glycoproteins in plants, animals and humans have very high biological activity and are
involved in a tremendous range of biological processes including cell-cell adhesion, cell-
cell signaling, immune regulation, innate immunity, and cell biological phenomena
including organelle biosynthesis (Bertozzi 2001, Engering 2002, Feizi 2000, Freeze 2005,
Gu 2004, Helenius 2004, Rudd 2004, van Kooyk 2004).

Thus, the presence of bovine carbohydrate antigens on rhLF produced transgenically in
cows raises the possibility that they may not only induce immune responses, but may in
fact interfere with and act as antagonists in regard to the biology of human cells involving
endogenous carbohydrate moieties.

Finally, and contrary to the Notifier’s conclusions, carbohydrate moieties have
increasingly been implicated in the immunogenicity of recombinant proteins (Die I and
Cummings RD 2006, Hermeling 2004, Schellekens and Casadevall 2004). It has been
shown that there are significant issues to address in regard to immunogenicity and
antibody formation with recombinant proteins, such as insulin, interferon, epotin alfa and
others. Interestingly, the immunogenicity to recombinant proteins is independent of the
route of administration (Schellekens 2003).

Given that the role of carbohydrates as recognition elements in biology is well
understood, there is no justification to ignore evidence that foreign glycoforms will have
an effect on transgenic cow-produced rhLF’s safety. To summarize, dismissal of the
safety risks relating to glycosylation is improper for the following reasons:

1. Carbohydrate moieties have increasingly been implicated in the immunogenicity
of recombinant proteins (Schellekens 2004, Hermeling 2004, Die I and
Cummings RD 2006). Immunogenicity and antibody formation have been noted
with proteins and glycoproteins, including insulin, interferon, epotin alfa and
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other recombinant proteins. Additionally, immunogenicity to recombinant
proteins is independent of the route of administration. There have been no
published cases where a change in route of administration completely negated
immunogenicity (Schellekens 2003).

2. The GRAS Notice treats the glycans on transgenic cow-produced rhLF as part of
a food product rather than structural components of a therapeutic protein vital to
immune system recognition. RhLF is a biologically active immunostimulatory
drug that interacts directly with receptors in the gut responsible for regulating
immune response and inducing maturation of dendritic cells (Varadhachary 2006,
Varadhachary 2005). Through its effect on the Gut Associated Lymphoid Tissue
(the largest immune organ in the body), lactoferrin may actually serve as a vector
to deliver cross-reactive glycans directly to activated antigen presenting and
immune effector cells. Additional clinical studies are needed to assess these risks
before any broad safety claims can be made.

3. The emergence of an antibody response and the breaking of B-cell tolerance
require prolonged exposure to a recombinant protein, and generally antibodies can
appear up to one year after chronic treatment (Schellekens 2004). The induction
of anti-lactoferrin antibodies in people receiving exogenous lactoferrin has been
documented (Brock 1998) and anti-lactoferrin antibodies have been associated
with serious autoimmune disease. The induction of anti-lactoferrin antibodies
could have tremendous consequences by “neutralizing” many other vital functions
of endogenous lactoferrin, which is a degranulation product of neutrophils
involved in, among other things, the regulation of inflammation and protection
against the development of cancer.

Until robust clinical studies are conducted to determine the effects of long-term exposure
to bovine glycans delivered by recombinant human lactoferrin to immune cells in the gut,

no general conclusions can be reached about the safety of transgenic cow-produced rhLLF
as described in GRAS Notice 000189.

4. Potential Long-Term Immunological Risks with any rhLF

The Notifier acknowledges a wide variety of biologic activities for human lactoferrin and
references several studies that elaborate on its anti-viral, anti-microbial, anti-
inflammatory and immunomodulatory properties (Notifier’s Submission page 28). No
discussion is included regarding the potential physiological consequences of these
activities in humans. The Notifier concludes that “most of the biological actions of hLF
are mediated by the sequestration of iron or by the previously mentioned positively
charged domain located in the N-terminus” (Notifier’s Submission p. 29). This
conclusion is incorrect because it pertains only to part of human lactoferrin’s anti-
microbial properties.
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Until recently there has been little understanding of the exact mechanism by which
human lactoferrin mediates its profound anti-inflammatory and immunomodulatory
activity. Over the last few years, proprietary research conducted with rhLF produced by
fermentation in Aspergillus, which is under development as an FDA regulated
pharmaceutical drug for the treatment of non-small cell lung cancer, has revealed that
human lactoferrin’s mechanism of action is far more complex than previously understood
and involves all aspects of the molecule’s structure.

Based on this research, it has been shown that rhLF is an orally active
immunomodulatory protein that is not absorbed or systemically bioavailable but that acts
via the gut and Gut Associated Lymphoid Tissue (GALT) (Figure 1).

Orally administered rhLF specifically binds receptors on cells lining the upper
gastrointestinal tract, and induces the production of immunomodulatory cytokines and
chemokines within the small intestinal Peyer’s Patches (PP), initiating an
immunostimulatory cascade in the GALT. RhLF induces dendritic cell (DC) maturation,
and induces the production of key chemokines by enterocytes, including MIP3-
alpha/CCL20, an important chemokine for attracting immature DCs. RhLF also acts
directly as a chemokine, binding chemokine receptors including IL-8RB (CXCR2) and
CCR2 and attracting immune cells such as lymphocytes and antigen presenting cells
(APCs). Oral administration of rhLF also results in the production of key cytokines
including 11.-18 and IFN-gamma in the gut. These cytokines, in concert with the influx
of immune cells into the PPs, play an important role in stimulating both the innate and the
adaptive immunity.

Oral administration of thLF in preclinical experiments produced an increase in the total
cellularity of small intestinal Peyer’s Patches, including an increase in the numbers of
Natural Killer-T cells and CD8+ T-lymphocytes. RhLF induces the migration of DCs to
the intestinal Peyer’s Patches and induces DC maturation. The systemic
immunostimulation induced by orally administered rhLF is demonstrated by an increase
in NK and CD8+ lymphocyte mediated cytotoxicity, an activation of tumor-draining
lymph nodes, and immune infiltration into distant tumors. RhLF’s anti-tumor effects are
lost in animals lacking NK-T or CD8+ cells demonstrating the importance of these
effector cells in thLF’s anti-cancer activity.

Simply stated, oral rhLF binds to specific receptors on gut enterocytes and immune cells,
resulting in the attraction and activation of key immune cells and the production of key
immunomodulatory cytokines. This results in the systemic activation of both the innate
and the adaptive immunity, and the killing of cancer cells.
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Figure 1: RhLF Mechanism of Action in Cancer
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The induction of these cytokine and chemokine cascades as well as the systemic
activation of immune cells has profound implications on the potential safety of long-term
administration of thLF, including the possibility of various immune reactions or impacts
on autoimmunity which can only be assessed by long-term human clinical trials.

4.1 Immunotoxicity Risks

Immunomodulatory agents present a distinct risk of immunotoxic effects that require
careful preclinical and clinical evaluation. A recent review by a noted
immunotoxicologist summarized these concerns:

“Immunotoxic effects are divided into four categories: immunosuppression,
immunostimulation, hypersensitivity and autoimmunity. Each category is
associated with distinct adverse effects.”

Historically, concern has primarily focused on immunosuppression and
hypersensitivity (allergenicity). “However, immunostimulation is also a key
issue, especially with pharmaceuticals. It is not known whether function assays
used to predict immunosuppression or hypersensitivity are applicable to the
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prediction of immunostimulation. Most available animal models and assays are
not valid to assess the potential of immunostimulation, and autoimmunity is not
predictable at all. Conflicting guidelines and the lack of human data contribute
further to this situation.”

“Due to the redundancy of the immune system, a single change is not necessarily
sufficient evidence for immunotoxicity so that a global assessment of all
preclinical findings is advisable. Genetic factors also play a major role in immune
responses. As wide inter-individual variability is unavoidable, sufficient numbers
of animals, a cautious comparison with both study and historical controls, and the
possible use of inbred or genetically modified animals are to be considered.
Marked interspecies differences in the immune system [should] lead to the use of
more than one animal species and to confirm animal data during clinical trials.
The inclusion of certain immune endpoints applicable to animals and man is
therefore essential.”

“Due to the many adverse effects reported in man, the immunotoxicity potential
of every new molecular entity should be systematically and specifically
evaluated.” (Descotes 2004).

The long-term effects of immunostimulation by rhLF (from any source) have never been
evaluated, either in animals or in human clinical trials. Given the evolving scientific
understanding of the consequences of immune system manipulation and the long-term
potential for unknown immunotoxic effects with immunostimulatory agents, caution is
warranted. Published FDA Guidelines support this approach stating:

“Change in an immune function or level of immunological mediator may not
necessarily appear as an "adverse effect”, but rather as immunostimulation.
Caution must be exercised in such cases, because a non-specific enhancement of
the immune response that might be interpreted as a beneficial effect may result in
suppression of specific immunity against a particular infection. A decision on
whether a material/device is immunotoxic must rely on the available evidence
from pre-clinical test results and clinical evaluation, as well as prior history of use
(Guidance for Industry and FDA Reviewers - Immunotoxicity Testing Guidance,
May 6, 1999).

TeGenero Case

The potential risks to humans posed by immunomodulatory recombinant proteins, and the
need for robust clinical testing before asserting claims of safety, was recently
demonstrated in the tragic case of TGN1412 (TeGenero Immuno-Therapeutics).

TGN1412 is an immunomodulatory antibody that (like rhLF) stimulates T-cell expansion
and activation. In spite of a strong preclinical safety record, including testing in primates,
TGN1412 produced severe and unexpected reactions in a Phase I clinical trial involving
seven healthy volunteers. On March 13, 2006, six of the volunteers who received the
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active drug suffered organ failure and violent, life-threatening side-effects after being
administered TGN1412.

A follow-up investigation by the UK’s MHRA (Medicines and Healthcare products
Regulatory Agency) determined that:

e TeGenero observed the highest standards in developing this drug and that these
symptoms were both unexpected and unforeseeable. Data previously released
showed that there was no sign of risk from the pre-clinical tests of TGN1412.

e Animal study results showed that there were no drug related deaths in the
preclinical testing of TGN1412, with just one animal having to be euthanized
during the trial after suffering severe diarrhea caused by an unrelated bacterial
infection.

In a press release on March 17, 2006, TeGenero stated, “We are shocked about the
symptoms we have seen in the (clinical trial) volunteers. Extensive pre-clinical tests
showed no sign of any risk. We observed strict standards for this clinical test and we
obtained all required approvals both in Germany and Great Britain. The drug was tested
extensively in laboratories and has been tested on rabbits and monkeys. We saw no drug
related adverse events and there were no drug related deaths.”

This case illustrates that the “consequence of interspecies differences is that no one can
assure that negative (immunotoxicology) results obtained in rats or dogs or both, will also
prove negative in man. Thus, animal results have to be confirmed in human beings”
(Descotes 2004). While this appears to be an extreme case of acute immune reaction, it
serves as a cautionary note, especially when considering the long-term risks of
immunostimulation by rhLLF, which may not surface in such an immediate or startling
fashion.

4.2 Risks of Exacerbating Auto-Immune Disease with RhLF

A specific immunotoxicological risk of long-term administration of thLF in humans is
the potential induction or exacerbation of autoimmune disease and the generation of anti-
lactoferrin antibodies, which are often present in patients with autoimmune disease:

e Anti-lactoferrin antibodies have been associated with autoimmune liver
disease (Ohana 1998).

e Anti-lactoferrin antibodies have been associated with inflammatory bowel
disease (IBD) (Roozendaal 1999).

e Anti-lactoferrin antibodies have been associated with Wegener’s
granulomatosis (van der Woude 1985).

e Anti-lactoferrin antibodies have been associated with rheumatoid arthritis
(Locht 2000).
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e Anti-lactoferrin antibodies have been associated with systemic fupus
erythaematosus (Galeazzi 1998).

e Anti-lactoferrin antibodies have been associated with autoimmune
pancreatitis (Okazaki 2000).

The presence of non-human glycosylation on transgenic cow-produced rhLF raises the
troubling possibility that the carbohydrates may in fact stimulate immunity to the protein
itself, thereby generating neutralizing and/or inhibitory antibodies that could block
functions of the protein. In fact, conjugation of such carbohydrates to so-called carrier
proteins is the modern way to induce protective immunity to parasites and bacteria
carrying unusual carbohydrates. This is well documented in a recent review citing
specific examples of vaccine development using carbohydrate-conjugates to proteins
(Nyame 2004), and lactoferrin is an extremely effective carrier protein.

Evidence suggests that administration of bovine lactoferrin in mice can produce a
systemic immune response (Debbabi 1998, Sfeir 2004), and that oral administration of
human milk proteins containing 40% lactoferrin resulted in the production of IgG, IgM,
IgA, and anti-hLF antibodies with spleen sensitization (Yuki 1998). Another published
study showed that ingestion of human lactoferrin by breast-fed human infants produced
IgG and anti-hLF antibodies in those subjects (Brock 1998).

The Notifier’s evidence that transgenic cow-produced rthLF will not elicit a similar
immune response is grossly inadequate. The Notifier relies on a single unpublished
human safety study conducted by the Notifier in which only six adults were administered
two 52 mg doses of transgenic cow-produced rhLF in a single 24 hour period. Any
conclusion of safety based on such minimal clinical data is unwarranted and lacks
credibility.

In view of the evidence presented demonstrating that lactoferrin can induce an immune
response in animal models, as well as in human studies involving infants, the safety
position taken in the GRAS Notice is unsupportable. Data are not presented on the
impact of transgenic cow-produced rhLF in non-healthy subjects, who would also likely
consume rhLF from common consumer products. Nor does the Notice address the
potential impact on patients with conditions that are known to be associated with anti-
lactoferrin antibodies (autoimmune liver disease, inflammatory bowel disease, Wegener’s
granulomatosis, rheumatoid arthritis, systemic lupus and autoimmune pancreatitis).
Credible evidence to mitigate the known safety concerns relating to lactoferrin and
autoimmunity is not presented.

Regarding the pathological significance of anti-lactoferrin antibodies, no evidence is
presented contradicting the known risks. Anti-lactoferrin antibodies may be associated
with inflammation of the colon (Roozendaal 1999). In a mouse model of rheumatoid
arthritis, collagen-induced arthritis was exacerbated in transgenic mice expressing human
lactoferrin (Guillen 2002). As indicated above, administration of transgenic cow-
produced rhLF might induce anti-lactoferrin antibodies due to the carbohydrates acting as
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adjuvants. Thus, there is a real concern about the potential complications of oral
administration of thLF containing non-human carbohydrates.

While there is evidence that orally-ingested lactoferrin can induce a systemic immune
response and that antibodies to lactoferrin could theoretically be involved in disease
progression, no scientific data with the Notifier’s rhLF has been presented to mitigate
these concerns. Rather, the facts, as revealed in published literature indicate that:

1) Lactoferrin is a potent immunostimulatory molecule that has been shown to induce a
systemic immune response in both animals and humans, including the induction of
anti-lactoferrin antibodies;

2) Anti-lactoferrin antibodies are associated with a host of serious human autoimmune
diseases;

3) There is animal evidence that lactoferrin might indeed exacerbate autoimmune
disease.

No data are presented to rebut these safety concerns. An unpublished, non-statistically
significant “safety” study in six subjects cannot be considered indicative, much less
conclusive.

Despite the known association of lactoferrin antibodies with serious human autoimmune
diseases, the GRAS Notice fails to address the potential consequences of long-term
consumption of transgenic cow-produced rhLF in people with these diseases. Moreover,
while the potential risk of administering rhLF in a high dose oral bolus is real, no data are
presented on the effects of such administration in humans. Given the documented risk of
rhLF-induced autoimmune reactions, a conclusion of safety broad enough to authorize
mass consumption by the general population in unlimited doses without medical
supervision can only be based on properly controlled, definitive, long-term clinical trials
in humans. No such trials are included in the GRAS Notice.

4.3 Induced Changes to Immune Function

Studies show that lactoferrin can induce a change in immune system function (Zimecki
2001), including the induction of a TH1 shift. Transgenic mice over-expressing
lactoferrin show a prominent TH1 immune shift (Guillen 2002). /n vitro studies with
lactoferrin indicate that it suppresses [L-4 and IL-10 production in respiratory epithelial
cells obtained from human patients (Abraham 1992). /n vivo rodent studies show that
orally administered lactoferrin is a potent stimulator of IL-18 production in the gut, and is
thus a stimulator of IFN-g production (Kuhara 2000, Varadhachary 2004). Enhanced
IFN-g production is associated with the induction of a TH1 immune response.

Because of this potential to inhibit [L-4 and IL-10 and stimulate IL.-18 / IFN-g, which
shifts the immune balance from a TH2 to TH1 response, lactoferrin represents a potential
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risk for people with serious TH1-associated diseases like multiple sclerosis, type 1
diabetes and chronic obstructive pulmonary disease (COPD), among others.

It has also become clear that oral lactoferrin exerts a potent immunostimulatory effect
including the production of key cytokines in the gut and in systemic circulation, an
increase in circulating CD4+ and CD8+ cells and an increase in NK cell activity
(Varadhachary 2004). Lactoferrin has been shown to be effective in stimulating the
proliferation of a broad range of immune cells in animals (Artym 2005). In vitro,
lactoferrin has been shown to activate macrophages (Edde 2001) and has been shown to
induce immune maturation and proliferation of a range of immune cells (Legrand 2005,
Shau 1992, Dhennin-Duthille 2000). In confidential research conducted by Agennix, Inc.
and submitted to FDA (IND BB-11728), it was demonstrated that rhLF is extremely
effective at inducing maturation of Dendritic Cells, the most important class of antigen
presentation cells. These biological effects are important for pharmacological
applications of lactoferrin (including the treatment of cancer). However, the long-term
effect of chronic immunostimulation, including the possible induction of autoimmune
diseases, is not known. There have been several recent examples of serious adverse
events resulting from long-term or acute administration of immunomodulatory agents,
including most recently Tysabri (Drazen 2005).

5. Other Risks Associated with Extended Dosing with Any RhLLF

There are numerous other potential risks associated with the consumption of
pharmacologically relevant doses of rhLLF for extended periods of time by the general
population, without the necessary premarket clinical testing or postmarket surveillance.

5.1 Toxicity in Individuals with Iron OQverload

As articulated in a standard hematology textbook (Hoffman 1998 ), “Iron overload
denotes an excess in total body iron resulting from an iron supply that exceeds
requirements. Because requirements are limited and humans lack a physiological means
of excreting excess iron, any sustained increase in intake may eventually result in
accumulation of iron. ... When the accumulation overwhelms the body’s capacity for
safe storage, potentially lethal tissue damage is the result.” The most common form of
iron overload in the US is hereditary hemochromatosis, occurring in as much as 0.5% of
the population or as many as 1 million individuals (Edwards 1993, Edwards 1988). Other
forms, which also affect thousands of patients with substantially higher prevalence within
specific population subgroups, include thallasemias and refractory anemias. Iron
overload may also follow increased absorption of dietary iron in some patients with
chronic liver disease, including those with alcoholic cirrhosis and portacaval shunting
(Jakobvits 1979). Iron overload can proceed asymptomatically for years, with the patient
often presenting only after severe tissue damage has already occurred. Liver disease is
the most common complication of iron overload resulting in hepatomegaly, functional
abnormalities, fibrosis and eventually cirrhosis (Scheur 1962). Hepatocellular carcinoma
can be an ultimate complication. Diabetes mellitus is a common complication of all
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forms of systemic iron overload (Stremmel 1988) occurring in 48% of patients. A variety
of other complications have been reported including such fatal ones as iron-induced
cardiac disease causing cardiomyopathy with heart failure, arrythmias or both (Model
1984).

The daily requirement of iron is only ~ 1 mg in adult men and ~ 2 mg in pre-menopausal
adult women. In hereditary hemochromatosis, dysregulation of intestinal iron absorption
occurs, wherein iron continues to be efficiently absorbed even in the face of substantial
elevation of body iron stores eventually leading to the major morbidities and mortalities
associated with the disease. Treatment for patients diagnosed with iron load disorders
involves iron chelation by either regular phlebotomy or with chelating agents. Patients
are also counseled to avoid foods rich in iron and avoid any iron containing supplements.
The dietary concern is of course even more critical in the substantial number of patients
with undiagnosed disease.

5.2 Iron Delivery to Iron Constrained Pathogens

Lactoferrin binds iron with a high avidity across a broad range of pH concentrations and
its ability to deliver iron is an important biological property of this molecule. In
experiments with human duodenal mucosa, unlike serum transferrin and ovotransferrin,
lactotransferrin was able to yield its iron to intestinal tissue in a receptor-mediated
process (Cox 1979). As has been discussed in the literature as a potential concern,
administration of lactoferrin with its highly bioavailable iron can accelerate growth by
pathogenic bacteria and protozoa (Weinberg 1978). An outstanding example of this
involves infections caused by the enteric pathogen, Vibrio vulnificus, most often acquired
by eating raw shellfish. When ingested by humans with iron-overload, this organism can
cause rapidly progressing and fatal bacteremia (Wright 1981). In mice, the LD for an
inoculum of V. vulnificus drops from 10°® in normal mice to an estimated 1.1 organisms in
iron-loaded animals, an impressive 6 log difference. Similar 5 to 6 log differences also
have been reported for certain strains of E. coli (Eaton 1982). In humans, trauma-
associated sepsis, which has often been linked to the ability of otherwise normal
commensal bacteria to invade and penetrate the gut mucosal barrier, appears to involve
catecholamine mediated iron removal from lactoferrin and its acquisition by bacteria
(Freestone 2002).

Microbial colonies tend to be iron constrained (Andrews 2003), and access to a source of
iron can induce infectious flare-up. In fact, a variety of bacteria have evolved a
mechanism for acquiring iron directly from human lactoferrin. This mechanism involves
surface receptors capable of specifically binding LF from the host, removing iron and
transporting it across the outer membrane. The iron is then bound by a periplasmic iron-
binding protein, FbpA, and transported into the cell via an inner membrane complex
comprised of FbpB and FbpC (Elkins 2004). Iron availability is also critical to the
virulence of M. tuberculosis and other mycobacteria that have also evolved a mechanism
to acquire iron from lactoferrin (Ratledge 2004, Purdey 2006), as well as a variety of
other pathogenic organisms.
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The importance of iron levels in regulating bacterial growth is best expressed in the
following words of an editorial comment (Shock 2002):

“We all carry around a dangerous sack of goods—intestines filled with so many
bacteria that they actually outnumber our own somatic cells. A dab of these lively
intestinal contents released into the body is sufficient to kill any of us. For this
reason, the guts are a site of constant and vigilant surveillance. ... The aerobes
require iron and this requirement is their Achilles' Heel and, in some cases, our
major protection. This is because iron is an exceedingly scarce commodity in
normal mammalian body fluids... Some crafty bacteria have evolved iron-binding
siderophores, such as desferrioxamine or enterobactin, which enable them to steal
iron from normally safe iron reservoirs, in some cases even from the iron-binding
proteins, transferrin and lactoferrin. Once this theft has occurred, bacterial growth
is enabled and, clinically speaking, it is Katy, bar the door.”

5.3 Iron Delivery to Tumors

The role of iron as a growth-regulating factor applies more broadly beyond micro-
organisms. The growth of tumors is also known to be iron regulated (Weinberg 1983),
and increased dietary iron has been shown to promote colon tumors in mice (Ilsley 2004,
Hann 1991). Tumor cells are also known to over-express receptors that bind lactoferrin
with a high affinity. These lactoferrin receptors have been shown to be up-regulated in
the presence of iron chelators and to deliver iron to the interior of colon carcinoma tumor
cells (Mikogami 1995). Thus, there is a risk that pre-cancerous or early stage GI tumors
could also access iron from lactoferrin to accelerate their growth and metastasis.

5.4 Risks of Systemic Amyloidosis Caused by Lactoferrin Variants

In recent studies, lactoferrin variants have been linked to systemic amyloidosis.
Amyloidosis is an acquired or hereditary disorder related to protein folding. Fragments
of proteins that are normally soluble are deposited extracellularly where they accumulate
and form deposits that interfere with the function of effected tissues or organs (Pepys
2001). These amyloid deposits have been implicated in the pathogenesis of diseases such
as Alzheimer’s disease, various prion diseases and type II diabetes.

Lactoferrin fragments have specifically been implicated as a cause of amyloidosis
accompanied by trichiasis (a common vision threatening condition of the eyelid). The
lactoferrin fragment responsible results from a single change from glutamic to aspartic
acid near the end of the protein molecule (Ando 2003). The association of lactoferrin
fragments with amyloidosis is of particular concern because all recombinant forms of
lactoferrin will contain variants and protein fragments that cannot be fully characterized
or isolated given current technology (see Attachment A). Given that the cited
production standards for transgenic cow-produced rhLF are already far below cGMP
pharmaceutical norms, adequate assurance that potentially pathogenic mutant proteins are
not present cannot be provided.
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5.5 Induction of Antibiotic Resistance

Another of lactoferrin’s biological properties is its ability to interact with microbial
membranes resulting in a variety of effects including depolarization. A recently
published study demonstrated that exposure to rhLF can induce antibiotic tolerance in
Pseudomonas aeruginosa, an important pathogen responsible for numerous hospital
infections (Andres 2005). Other negative bacteriological effects may also be associated
with lactoferrin. For example, it was recently described that exposure of pathogenic
streptococci to lactoferrin results in the induction of the streptococcal pyrogenic exotoxin
A (Kansal 2005).

5.6 Viral Activation

Oral lactoferrin may be involved in viral transmission and the facilitation of viral
replication. Lactoferrin has been shown to facilitate replication of HTLV-I by up-
regulating viral expression (Moriuchi 2001). Human lactoferrin in saliva has also been
shown to act as a ligand for HHV-8, which suggests that orally administered rthLF could
serve as a carrier for viral particles (Grange 2005). Moriuchi et al show that thLF
facilitates the replication of HTLV-1 in lymphocytes derived from asymptomatic HTLV-
1 carriers and enables viral transmission to cord blood mononuclear cells (Moriuchi
2001). Transient expression assays revealed that lactoferrin can transactivate the HTLV-
1 long terminal repeat promoter. Thus, lactoferrin may enhance vertical transmission of
this milk-borne retrovirus, which could affect an extremely vulnerable population where
even a slight risk is unacceptable.

Conclusion

This scientific panel has reviewed the evidence and arguments presented in GRAS Notice
No. 000189 and concludes that the safety of transgenic cow-produced rhLLF has not been
established. Arguments and data presented by the Notifier’s GRAS submission
highlight—rather that eliminate—known safety concerns. From published data,
including data referenced in the GRAS Notice, the following may be reasonably
observed:

e Proposed doses of rhLF are far in excess of those naturally occurring in saliva.
Numerous published studies and recent clinical trials show that, in large doses,
rhLF has a potent immunostimulatory effect. Notifier has neither conducted
studies nor published data showing that large doses are safe in humans. Studies
with Agennix’s cGMP fermentation produced rhLF, which is a distinct product
with a completely different glycosylation, are not relevant to the establishment of
safety of rhLLF produced in transgenic cows.

e Published data show that glycans present on transgenic cow-produced lactoferrin
can induce a systemic immune response, including the generation of IgE
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antibodies. IgE mediated immune responses are a serious health risk and, in
extreme cases, can lead to anaphylaxis, or even death.

e RhLF’s mechanism is far more complex than previously understood and results in
broad changes to systemic immune function. The safety impact of these immune
system changes has not been fully evaluated and precludes an assumption of
safety until long-term clinical trials have been conducted.

e According to published studies, IgE antibody responses and the breakdown of B-
cell tolerance can take up to a year of chronic exposure to an allergen to develop,
making short-term clinical trials completely inadequate for detecting induced
allergic sensitization or antibody development. Human exposure to transgenic
cow-produced rhLLF has been extremely limited to date and there is no clinical
data whatsoever on the effects of long-term consumption.

e Anti-lactoferrin antibodies are known to be associated with, and potentially
exacerbate, a wide range of serious human autoimmune diseases. Furthermore,
rhLF is known to induce a potent TH1 immune response. No studies have been
conducted to determine the consequences of long-term immunostimulation by
rhLF in people with autoimmune disease.

Additionally, since lactoferrin is believed to directly interact with immune cells in the
gut-associated lymphoid tissue, it is possible that, through receptor binding, transgenic
cow-produced rhLLF may act as a vector to deliver allergenic bovine glycans directly to
immune cells in gut associated lymphoid tissue. Lastly, there are other potential risks, as
described above, associated with long-term administration of any rhLF, particularly in
compromised patient populations.

Transgenic cow-produced rhLF presents numerous documented risks. These risks should
be thoroughly and scientifically evaluated. The potent immunostimulatory activity of
rhLF warrants large, controlled, long-term clinical safety studies before broadly exposing
the public to potentially unlimited consumption. In fact, given the potential effects on
lactoferrin-associated autoimmune diseases and the long period required to develop
antibodies, rhLF from any source should be administered only under medical supervision.
In our opinion, to expose the general public to these well-documented risks, without
credible clinical safety data on the prolonged use of transgenic cow-produced rhLF, is
both inappropriate and unnecessary. The designation of transgenic cow-produced rhLLF
as GRAS is inappropriate until it has been shown that the known risks (including, without
limitation, the risks described in this scientific assessment) pose no threat to public
safety—i.e., a reasonable certainty of no harm.

Note: None of the experts listed below are affiliated with Agennix or other parties with a
commercial interest in recombinant human lactoferrin, but they share the concern that a
GRAS listing prior to the adequate establishment of thLF’s safety in the larger population
is inappropriate, and that unsupervised long-term administration of rhLLF poses a
significant risk to the general population.
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SAFETY CONCERNS RAISED BY RECOMBINANT HUMAN LACTOFERRIN
PRODUCED IN TRANSGENIC COWS: SCIENTIFIC ASSESSMENT OF GRAS
NOTICE NO. 000189 SUBMITTED BY PHARMING GROUP, N.V.

The preceding scientific assessment of safety issues concerning recombinant human
tactoferrin produced in transgenic cattle has been provided by and reflects the opinion of:
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Attachment A to the Scientific Assessment

Production and Purification Issues

As the use of recombinant proteins continues to increase, a debate has begun concerning
the analytical tools used to characterize proteins and the comparability of products
produced by different manufacturers and processes. Lactoferrin is a complex protein,
even when compared to products such as insulin, growth hormone and other recombinant
proteins. In contrast with small molecules, analytical tools are not available for the full
characterization of complex proteins. It is also increasingly recognized that the
biological properties of a protein product are highly dependent on the process of
production. Consequently, a consensus is emerging that efficacy and safety cannot be
established exclusively by physical and chemical characterization and should always
include data obtained from studies in humans.

Complex proteins like lactoferrin differ from small molecules in that they never consist
of a single type of molecule, but are always heterogeneous mixtures of different isoforms
and other variants caused by clipping, mis-folding, etc. Complex proteins are also
relatively unstable. During storage, modifications such as oxidation, de-amidation and
aggregation are common. These modifications can have a major effect on product safety.

Because even the most detailed physical chemical characterization leaves uncertainties
concerning the biological activities of a protein, the safety of these products needs to be
ensured by showing:

The genetic stability of the host organism

Consistency of production

Detailed product characterization

Purity of the final product and lack of viral or prion contamination
Stability of the product through production and distribution

Nk W=

In these aspects the Notifier’'s GRAS petition is highly deficient and this raises serious
safety concerns.

Genetic Stability
Recombinant DNA derived proteins intended for human use can be produced from
microorganisms, tissue culture or transgenic plants or animals. For fermentation and

tissue culture production systems, product stability is ensured by using master and
working cell banks, which allows production by well characterized identical cells.
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Moreover, these cells are further analyzed after the production run to guarantee the
genetic stability of the production system.

The Notifier’s recombinant human lactoferrin is produced in transgenic cows. These
animals have not been cloned and each animal is genetically unique. Consequently,
genetic stability within generations or through successive generations cannot be assumed.

The Notifier asserts that only the founder bull (“Max”) has been genetically analyzed,
and only at the level of lactoferrin m-RNA. There is no genetic evaluation of this
animal’s offspring and no criteria that the related offspring animals must meet to qualify
as production animals. Due to the at-random insertion of the human lactoferrin gene into
the bovine genome, induced changes in protein expression of the milk must also be
evaluated to assure the integrity of the derived protein.

The inherent instability of the Notifier’s expression system combined with an inadequate
level of process controls creates an unacceptable level of production risk for a highly
biologically active protein such as rhLF.

Consistency of Production

Because the biological characteristics of rhLF are highly dependent on the production and
purification process, consistency must be shown between successive batches. Batch
testing must encompass the actual batches that will be used for marketing. Batches
should also be produced and purified at the same scale used for marketing. In general, at
least five different production batches need to be analyzed using accepted methods for
protein characterization in order to confirm product comparability and safety.

The Notifier presents very rudimentary batch characterization methods and it is unclear
how and at what scale batches are produced. Based on the data and methods presented, it
is not clear that the Notifier is able to produce human lactoferrin in a consistent manner.
Without testing well characterized representative batches, an adequate determination of
product safety is not possible.

The criticality of process and formulation to product safety has been illustrated many
times with recombinant proteins. In one well known example, a relatively minor change
in the formulation of recombinant human erythropoetin (EPO) resulted the generation of
antibodies against EPO and the occurrence of potentially fatal pure red cell aplasia’
(Casadevall 2005).

! Responding to regulatory concerns from EMEA relating to the use of materials of human origin, J&J
changed its formulation for EPREX by substituting one well-known, thoroughly characterized expander
(sorbitol) for another (human serum albumin). Routine testing of the new formulation in biological and
chemical assay systems revealed no cause for concem. After the reformulated product had been marketed,
some 200 patients developed pure red cell aplasia (PRCA) as a result of neutralizing antibodies they
generated against the erythropoietin protein in the reformulated product - meaning that their bodies cannot
produce new red cells in response to the erythropoietin they produce, and they are now dependent on
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In a submission to the FDA (Submission to Docket No. 2004N-0355 dated November 11,
2004) Genentech describes their experience with recombinant human growth hormone.
Following a relatively minor process change that did not even involve changes in the
vector or expression strain, the antibody response to the protein changed by over ten-fold.
Genentech notes that due to complexity of proteins, analytical testing alone could not
have identified the differences between products despite their immunogenicity varying so
substantially.

As Genetech points out:

“A survey of prescribing information for approved therapeutic proteins shows
wide variability in their immunogenicity rates, ranging from 0.1% to >50%.
There is similarly a wide range in the clinical sequelae associated with
immunogenicity, ranging from no consequence, to anaphylactoid responses, to
loss of effectiveness, to autoimmune disease. Immunogenicity is also likely to
vary with type of disease and the co-medications given to patients. People with
autoimmune diseases, for example, may be expected to have a more prevalent
immune response to therapeutic proteins than oncology patients who may be on
other immunosuppressive drugs. ... Consequently, individual patient populations
must be separately evaluated for the potential immunogenicity of a drug. A low
percentage of seroconverting patients treated for one disease is not predictive of
the seroconversion rate in another patient population, or in the same patient
LY population treated with different co-medications.”

Physical chemical characterization

Based on the Notifier’s described production process, it cannot be assumed that the
biological characteristics of Notifier’s thLF will not change during production scale-up
and transition from development to final manufacture.

The efficacy and safety of biologic proteins are highly dependent on the manufacturing
process. Both FDA and EMEA (European Medicine Evaluation Agency) have
established detailed guidelines for the evaluation of recombinant proteins following
manufacturing changes. The Notifier’s manufacturing and quality control processes are
rudimentary and inadequate for a proper evaluation of complex protein characteristics,
including biologic activity. Major flaws in the Notifier’s characterization processes
include the lack of amino acid sequencing, lack of glycosylation pattern identification
and the failure to characterize isoforms, contaminants and impurities. The Notifier fails

transfusions. To its credit, J&J moved aggressively, in cooperation with regulatory authorities and
academic scientists, to determine the cause of the adverse reactions. Yet some years after the relationship
between the reformulated EPREX and the increased incidence of PRCA was established, the reason the
reformulated product led to neutralizing antibodies in some patients has not been finally established. Only
clinical experience was able to reveal and characterize the enhanced risk associated with the reformulated
product.

)
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to employ adequate testing to assure protein integrity. Additionally, the Notifier has not
reported any biological characterization of the product.

The Notifier has not performed much of the typical product characterization that is
routinely required to establish the safety of recombinant proteins. Provided below are
some of the product characterization requirements that the FDA has discussed
confidentially with Agennix:

o Glycosylation. RhLF has a higher glycosylation content than native human
lactoferrin and its carbohydrate content is significantly skewed towards mannose
relative to that of normal human LF. To assure safety, complete characterization
of the glycosylation is required, including site occupancy, monosaccharide
analysis and chain-length analysis, and batch to batch consistency demonstrated
in order to evaluate immunogenicity risks.

o Aggregates. Protein aggregation should be characterization and a consistent lack
of protein aggregation established. Aggregation is an important cause of
immunogenicity since protein aggregates are more rapidly cleared, predisposing
aggregates to increased phagocytosis and antigen presentation. This includes the
risk of presentation of epitopes which are normally folded and hence may be not
be recognized as self-antigens, triggering autoimmunity.

o Host cell protein and DNA. In order to ensure safety, recombinant proteins
must have very low levels of host-cell protein and host-cell DNA. Typically any
contaminants above 1% must be fully characterized and their safety established
independently.

o Disulfide bond formation. A sensitive metric to detect and demonstrate the
extent of disulfide bond formation is required. This is particularly relevant in the
case of rhLF, since human LF has 16 disulfide bonds. Errors in the disulfide
linkages can result in alterations in the tertiary structure of the protein potentially
leading to increased immunogenicity including antibodies against previously
masked epitopes.

o Oxidation and Deamidation are important determinants of protein stability and
the risk of conformational changes that can lead to immunogenicity.

Although these immunogenicity issues are most often discussed in the context of
parenterally administered proteins, they are critical for orally administered rhLF as
well for the following reasons:

o The gut has a very active mucosal immune system which includes the gut
associated lymphoid tissue (GALT), the largest immune organ in the body. The
GALT plays a critical role in the immune surveillance of ingested proteins.
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o Lactoferrin has been shown to stimulate immune cells in the GALT as part of its
role in modulating the immune system.

o Dendritic cells, which are the most important antigen presenting cells in the body,
are known to interdigitate between the gut enterocytes in order to access the gut
lumen and sample luminal contents including ingested proteins.

o Orally administered lactoferrin has been described as being transported intact
through the gut wall, making it available to the systemic immune system.

Thus, in the absence of adequate characterization of transgenic cow-produced rhLF,
these immunological safety risks cannot be adequately evaluated and argue against

any use of thLF as a food additive. This in itself is sufficient reason to deny GRAS
status.

Purification

Because of the uncertainties concerning rhLF’s biological effects, and to avoid effects
due to impurities or protein variants, the purity of the final product is highly important.
The Notifier’s specification currently allows for up to 10% impurities. This is an
unacceptably high level for a bioactive recombinant protein. It is also essential that these
impurities be identified and characterized to the fullest extent possible by current
analytical methods. The Notifier presents no plan for a validated characterization of
impurities and merely assumes the impurities to be bovine lactoferrin and other whey
proteins. Such assumptions are not acceptable given the source of the product and the
non-aseptic condition of harvesting. Since the Notifier’s transgenic cow-produced
lactoferrin is not aseptic, which is unusual for recombinant proteins, microbial
contamination remains a significant risk. Further, Notifier does not report LPS levels in
the rhLF. Since LPS can cause morbidity or even death at high levels in vulnerable
populations, levels of contaminating LPS are routinely measured in recombinant proteins
with a requirement that the manufacturing process be controlled to ensure low
endotoxins.

Viral Contamination and BSE

Although cow’s milk is now considered safe regarding the potential transmission of BSE,
this is the first time genetically modified cows have been used for the production of a
recombinant human protein intended for human consumption. Due to the random
insertion of a human gene, including a promoter to direct expression in the mammary
gland that may alter the excretion function of the gland cells, precautions to avoid prion
contamination should be evaluated and implemented. The purification process should
therefore be validated for the removal of possible prion contaminants, as is standard for
the production of proteins from animal and human sources intended for human use.
Additionally, because living animals are employed as the source of production, a
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validated method for the removal of conventional viruses is needed. The Notifier’s
described methods fail to control for these forms of potential product contamination.

Long-Term Stability

Recombinant proteins are usually unstable at room temperature. Stability studies are
essential, not only to support any claim of biological activity, but also to exclude the
presence of harmful degradation products that have been widely described to occur in
recombinant proteins during storage. L.ong term stability testing is particularly vital in
the Notifier’s case because production and storage are not under sterile conditions and
because a cold chain is not strictly controlled. Without these controls, there is a
significant risk that microbial contaminants may destroy or modify the Notifier’s rhLF.
Stability should not only be tested in real time but also under accelerated conditions.
Stability analyses should include assays that detect alterations to the protein including
changes such as aggregation, degradation, structural changes, oxidation and deamidation,
as well as assays for biological activity. Without proper stability studies, the integrity
and safety of the Notifier’s marketed product cannot be assured.

The Notifier only mentions that the product is stable, but provides no definition of
stability and the techniques to evaluate stability are not elaborated. The lack of these data
present serious safety questions.
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SIMON D ROGER 1 e Level 1, 37 William Street

Prov No: 457563X Gosford NSW 2250 AUSTRALIA
NEPHROLOGY & HYPERTENSION Tel: 61 243 237977 Fax: 61 243 252522
June 23, 2006

Laura M. Tarantino, Ph.D. (HFS-200)
Director, Office of Food Additive Safety
Center for Food Safety and Applied Nutrition
Food and Drug Administration

Room 3044

University Station

5100 Paint Branch Parkway

College Park, Maryland 20740

RE: GRAS Appilication 000189 for human lactoferrin produced in transgenic cows

Dear Dr. Tarantino,

The scientific rebuttal to GRAS Notice 000189 raises many questions about the safety of transgenic cow-
produced human lactoferrin as a food ingredient. | am writing to independently emphasize and expand
upon a few of the points made in the scientific assessment.

First, the impact of glycosylation on proteofytic activity is of major importance and should be emphasized.
The alteration in glycosylation profiles between the different entities may impact on the on metabolic
clearance rates and hence physiological activity profiles.

Second, the issue of delay in the development of immunogenicity is of significant medical concem. The fact
that the Notifier’s transgenic cow-produced human lactoferrin was only given in 2 doses within 24 hours
gives no credence to the concept that it is not immunogenic. In the case of erythropoletin, the development
of pure red cell aplasia due to anti-erythropoietin antibodies occurred months after the Initiation of
treatment. Delayed immunogenicity is a serious safety concem that is now being considered in the safety
assessment of biosimilar recombinant proteins in Europe, Austratia and the US.

Lastly, the Issue of side affects in healthy volunteers versus disease specific individuals Is very important.
In another example retated to erythropoietin, it has been observed that both Induced
hypertension and pure red cell aplasia are only found in patients with cheonic kidney disease and not other
patients taking this drug (e.g. AlDS, rheumatold arthritis, muttiple myeloma and other oncology patients).
Given the immunomodulating activity of human lactoferrin, an assessment of safety cannot be made
without conducting a substantial clinical program that includes both healthy and at-risk populations.

The inclusion of transgenic cow-produced human lactoferrin in food as a nutritional ingredient is not
appropriate given the very kmited data available on its safety.

W) LogC

A/PROF SIMON ROGER MD FRACP
Renal Physician

000187
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VU medisch centrum Department of Molecular Cell Biology & Immunology

Datum: June 20, 2006  Uw brief van Telefax +31 20 444 8144 Bijlage(n)
Ons kenmerk Uw kenmerk Telefoon +31 20 444 8157

Postadres' Van der Boechorststraat 7, 1081 BT Amsterdam, the Netherlands

Laura M. Tarantino, Ph.D. (HFS-200)
Director, Office of Food Additive Safety
Center for Food Safety and Applied Nutrition
Food and Drug Administration

Room 3044

University Station

5100 Paint Branch Parkway

College Park, Maryland 20740

RE: GRAS Notice 00189

Dear Dr. Tarantino,

As a contributor to the rebuttal document submitted in response to GRAS Notice
000189, | am writing independently to emphasize my agreement with the
conclusions of this scientific assessment.

I would also like to provide further support to the arguments made about the
importance of (lactoferrin} glycosylation. Specifically, | would like to bring to your
attention an additional example where human and bovine sources of lactoferrin
differentially interact with immune cells, which may be highly relevant to a safety
assessment of human lactoferrin produced in transgenic cows.

Naarding et al., described differences in the interaction of human versus bovine
lactoferrin with DC-SIGN, a major lectin receptor on immature dendritic cells that
specifically binds glycans. Whereas human lactoferrin (from SIGMA) shows no
interaction with DC-SIGN, bovine lactoferrin {from SIGMA) clearly binds to
dendritic cells via DC-SIGN. Although the authors do not explain the differences
in binding, this most likely is the result of binding of DC-SIGN to glycans of bLF.

DC-SIGN is known to contribute to controlling the balance between immune
activation and tolerance induction (Van Kooyk 2004, Caparros, 2006). {f DC-
SIGN indeed recognizes the glycans on bLF and triggers DC-SIGN function,
such an interaction may have severe immunological conseguences.

e-mall: im.vandie@vumc.nl

Profdr C.0 Dykstra Dr T7.K vanden Berg Dr RE Mebius

Prof.dr. G Kraal Dr J van den Born Dr C T.M van der Pouw Kraan
Profdr Y van Kooyk Dr {M van Die DOr H de Vries

Prof dr RH J Beelen Dr. T.B.H. Gejjtenbeek

Profdr C L. Verwejj Dr. E W.A. Kamperdijk

000188




)

Given the demonstrated biologic activity of human lactoferrin and its affects on
immune function, its inclusion in food products without rigorous clinical testing is
not advised.

Respectfully,

Ao O

Irma van Die, PhD

Dept. of Molecular Cell Biology & Immunology
VU University Medical Center

Van der Boechorststraat 7

1081 BT Amsterdam, the Netherlands
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June 20, 2006

Laura M. Tarantino, Ph.D. (HI'S-200)
Director, Office of Food Additive Safety
Center for Food Safety and Applied Nutrition
Food and Drug Administration

Room 3044

University Station

5100 Paint Branch Parkway

College Park, Maryland 20740

RE: Recombinant Human Lactoferrin: A Pharmaccutical Product, Not a Nutrient

Dear Dr. Tarantino,

Lactoferrin, a powerful iron-scavenging defensc protein, is present constitutively in
exocrine sccretions that arc constantly exposed to microbial flora: milk, tears,
tubotympanum and nasal cxudate, saliva, bronchial mucus, gastrointestinal fluids,
cervical-vaginal mucus, and scminal fluid. Additionally, lactoferrin is promptly
delivered by circulating neutrophils to sites of microbial invasion. In only two of the
fluids listed above (milk and tears) is lactoferrin continuously maintained at high
concentration. In each of the other fluids listed above lactoferrin is maintained at quite
low amounts until an actual mmvasion occurs.

The high concentration of lactoferrin in human milk suppresses growth in the
infant gut of such iron-dependent bacteria as Bacteroides, Clostridium, Escherichia,
Salmonelia and Staphylococcus while permitting abundant growth of the relatively
harmless iron-abstaining Lactobacillus. In humans above the age of infancy, the immune
lymphatic system has matured so that elevated amounts of the iron-trapping lactoferrin
are neither necessary nor natural in the intestine.

In tears, however, moderately high concentrations of lactoferrin are needed
throughout life to inhibit (togcther with lysozyme) a broad spectrum of bacterial species.
Accordingly, the need for antibodies to inhibit ocular bacteria is markedly lessened, thus
resulting in a decrease in vision-obscuring scarring.

The proposed inclusion of 100 milligrams of lactoferrin per product serving
specified in GRN 00189 would have no natural function in the gastrointestinal tracts of
humans above the age of infancy. But its inclusion might have harmful effects in some
proportion of consumers. Scvcral potential risks that have not been evaluated should be
considered.
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1) Orally administered lactoferrin is known to increase total cellularity of the
small intestine Peyer's patches, including an increase in the numbers of
natural killer-T cells and CD8+ T lymphocytes. Possible adverse effects of
such immunostimulation by the continual ingestion of large amounts of
lactoferrin over long periods of time remain to be determined.

2) Those persons who produce a polymorphic variant of lactoferrin would be
expected to regard the ingested protein as a foreign antigen. Antibodies to
lactoferrin have been reported in persons who have such autoimmune
conditions as lupus, rheumatoid arthritis, type | diabetes, primary sclerosing
cholangitis, inflammatory bowel disease, and pancreatitis.

3) Some persons have latent or overt infections caused by virulent microbes that
express receptors to lactoferrin that enable the pathogens to acquire growth-
essential iron. Among such pathogens is Helicobacter pylori, an important
cause of gastric ulcers and possibly gastric cancer. (The discoverers of this
pathogen were awarded the 2005 Nobel Prize in Medicine.) Prior to mass
medication of foods and beverages with lactoferrin, it will be necessary to
determine if persons negative for the Helicobacter pylori breath test convert to
positive when fed the protein over a period of time.

Recommendation

Recombinant human lactoferrin, a powerful pharmaceutical product, should not
be distributed to general, non-selected populations in the absence of rigorous tests for
safety. These tests should ascertain that use of the product will not result in an
unacceptable rate of toxicity including (1) unbalancing the innate and adaptive immuune
components of intestinal lymphatic tissue, (2) development of allergic hypersensitivities,
and (3) overgrowth of specific pathogenic microbes such as Helicobacter pylori.

Respectfully,

g?%,,ng;ﬁpwpéux>

Dr. Eugene Weinberg
Professor Emeritus
Indiana University
Department of Biology
Jordan Hall Room 142
1001 East Third Street
Bloomington, [N 47405
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Agennix Incorporated

Agenntx

July 6, 2006

Robert Merker, Ph.D. (HFS-255)

Consumer Safety Officer

Division of Biotechnology and GRAS Notice Review
Food and Drug Administration

Room 3044

University Station

4300 River Road

College Park, Maryland 20740

Re:  Correspondence of June 27, 2006 - Safety Concerns Raised by Recombinant Human
Lactoferrin from Transgenic Cows (GRN No. 000189 Submitted by Pharming Group
N.V)

Dear Dr. Merker:

Please find enclosed the signature page for Dr. Huub Schellekens supporting our scientific
assessment in response to GRAS Notice No. 000189. Per our correspondence of June 27, 2006,
we mentioned that Dr. Schellekens had been away on travel and that we would submit his
signature page upon his return.

Please do not hesitate to contact us if there are any questions or if additional information would

be useful.

Sincerely,

Rick Barsky
Chief Executive Officer

Cc: Laura M. Tarantino, Ph.D. (HFS-200)
Director, Office of Food Additive Safety
Center for Food Safety and Applied Nutrition

Eight Greenway Plaza Suite 910 Houston Texas 77046 Telephone 713/552-1091 Facsimile 713/552-0795



SAFETY CONCERNS RAISED BY RECOMBINANT HUMAN LACTOFERRIN
PRODUCED IN TRANSGENIC COWS: SCIENTIFIC ASSESSMENT OF GRAS
NOTICE NO. 000189 SUBMITTED BY PHARMING GROUP, N.V.

The precading scientific assessment of safety issues concerning recombinant human
lactoferrin produced in transgenic cattle has been provided by and reflects the opinion of:

Signature: ; W
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Fasano, Jeremiah

From: Fasano, Jeremiah

Sent:
To:
Subject: RE: Conference telephone call concerning Pharming's hLF

'‘Charles Morin'

Mr. Morin-

Thursday, July 20, 2006 3:17 PM

Page 1 of 3

Of the three dates you proposed for a rescheduled discussion, September 1st (10 am EST) is the

only one that would work well for FDA. Is this date still workable for you and your client?

Regards-

-Jeremiah Fasano

Jeremiah Fasano, Ph.D.
Consumer Safety Officer
DBGNR/OFAS/CFSAN/FDA

jfasano@cfsan.fda.gov

Phone: 301-436-1173
Fax: 301-436-2964

HFS-255
5100 Paint Branch Parkway
College Park, MD 20740

From: Charles Morin [mailto:charleslmorin@earthlink.net]
Sent: Wednesday, July 12, 2006 11:23 AM

To: Fasano, Jeremiah

Subject: Re: Conference telephone call concerning Pharming's hLF

Dear Dr. Fasano,

Thanks very much for your communication concerning postponement of Thursday's meeting. We look forward to receiving at

your convenience the date and time of the rescheduled meeting.

Thanks again for your continuing support.

Charles L. Morin
Morin & Associates

388 Market Street, Suite 500

San Francisco, CA 94111
us

Phone: (415) 957-0101
Fax: (415) 957-5905

6/27/2007
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Email; charlesimorin@earthlink.net

Original Message -----

From: Fasano, Jeremiah

To: 'Charles Morin'

Sent: Tuesday, July 11, 2006 8:16 AM

Subject: RE: Conference telephone call concerning Pharming's hLF

Mr. Morin-

I've notified the appropriate FDA personnel of the postponement. | will contact you again
soon about a date for the rescheduled discussion.

Regards-

-Jeremiah Fasano

Jeremiah Fasano, Ph.D.
Consumer Safety Officer
DBGNR/OFAS/CFSAN/FDA

jfasano@cfsan.fda.gov

6/27/2007

Phone: 301-436-1173
Fax: 301-436-2964

HFS-255
5100 Paint Branch Parkway
College Park, MD 20740

From: Charles Morin [mailto:charlesimorin@earthlink.net]
Sent: Monday, July 10, 2006 2:40 PM

To: Fasano, Jeremiah

Subject: Conference telephone call concerning Pharming's hLF

Dear Dr. Fasano,

With regard to GN number 189 (concerning use of Pharming's rhLF in certain foods), currently we are scheduled to
meet at 10:00 a.m. (E.S.T.) on July 13th to preliminarily discuss CFSAN's initial questions concerning potential
immunogenicity. Pharming has been very busy over the last several weeks identifying and communicating with
potential experts (all of whom are associated with academic institutions ) to be added to its expert panel who can
address CFSAN's questions. Pharming has made significant progress with some of them, but through no fault of
anyone has not been able to get to the desired point with all of them. Part of the problem faced by Pharming is that
experts' schedules and vacations and availability were all established in early January for 2006 and some are not
quickly available. Thus, Pharming is not yet sufficiently prepared to have the initial conference telephone call (on
Thursday). Accordingly, it respectfully asks that it be postponed. In order to work within the above-identified
limitations and within the vacation times also set in January for Pharming's employees (please remember that Europe
basically shuts down the last two weeks of July and all of August) and to assure that Pharming will not have to ask for
yet another postponement, Pharming respectfully requests that the conference telephone call be postponed to (in
order of preference):

1. August 31;
2. August 30; or
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Page 3 of 3

3. September 1.
We apologize for any inconvenience caused by the requested postponement.

Please let me know that the conference telephone call has been postponed and which date can be accommodated
by CFSAN's schedule.

Thank you for you continuing assistance.

Charles L. Morin

Morin & Associates

388 Market Street, Suite 500
San Francisco, CA 94111
us

Phone: (415) 957-0101
Fax: (415) 957-5905

Email: charlesimorin@earthlink.net

6/27/2007


mailto:charleslmorin@earthlink.net

Questions Intended
To Clarify
Questions Posed By
CFSAN

When CFSAN uses the term “biological response modifier” does it mean
anything more (or different) than — in this case — whether oral consumption
of lactoferrin does, in fact, specifically or nonspecifically increase or
decrease immune response?

When CFSAN uses the term “adverse effects” does it mean anything more or
different than harmful to humans?

When CFSAN uses the term * susceptible individual” it suggests there are
those more likely to be affected. Does this include everyone or some subset
of everyone — all of which have an inherent vulnerability? If the latter,
please specifically identify the subset(s).

CFSAN questions reference — in the context here in question — the utility of
short term and long term animal (preclinical) studies. Given that it is most
likely that recombinant human proteins will be immunogenic in animals and
that the induction of antibody formation in animals is not predictive of a
potential for antibody formation in humans and that there are currently no
reliable animal models and no standard test for predicting the
Immunogenicity of proteins in humans, what is the value here to be provided
by use of preclinical studies to predict immunogenicity?

A CFSAN question raises the subject of the availability of clinical evidence.
Is this matter being raised merely to obtain, if available, any already existing,
relevant, clinical evidence or to indicate the possibility of CFSAN requiring
“long term” or other clinical trial(s). If the latter, does CFSAN believe that it
has legal authority to require any clinical trial in the context of the matter
here in question? If so, please identify such authority.

What published information and direct evidence is known to CFSAN that
indicates that “lactoferrin has been shown to enhance Type 1 T helper (Th1)
cell activity, as well as the release of specific cytokines in the gut and
systemically following oral administration?



10.

11.

12.

13.

What published information and direct evidence leads CFSAN to be
concerned — assuming for the moment oral consumption of lactoferrin has an
effect on Thl cells — that such an effect potentially might exacerbate pro-
inflammatory responses?

What published information and direct evidence leads CFSAN to believe
that “Chronic pro-inflammatory Thl — mediated immune responses might
result in the promotion of autoimmune or other inflammatory disorders, in
the gut or elsewhere, in individuals predisposed to such”?

What published information and direct evidence leads CFSAN to believe
that “Even small structural or biological differences between the native and
modified form of a particular protein may have a significant impact on that
protein’s recognition by the immune system and subsequent response”?

What published information and direct evidence leads CFSAN to believe
that Pharming’s exogenous human lactoferrin may evoke a nonallergenic
Immune response in susceptible individuals that disrupts previous tolerance
to endogenous lactoferrin through determinant spreading from alloepitopes,
the potential for enhanced pro-inflammatory Th1l responses mentioned
above, and increased uptake by antigen-presenting cells via the mannose
receptor?

When CFSAN uses the term “determinant spreading from alloepitopes”- as it
does above - exactly what does it mean?

When CFSAN uses the term “adult” should Pharming believe that CFSAN
does not mean a human who is merely some specific age (like 18 or 21) but
rather means a human with a mature gut and immune system?

When CFSAN uses the term “immunological safety” does it mean anything
more (or different from) than that oral consumption of lactoferrin (at the
maximum level here in question) does not cause adverse, non-allergenic
responses by the adaptive immune system?



Fasano, Jeremiah

From: Fasano, Jeremiah

Sent: Thursday, August 17, 2006 12:53 PM

To: ‘Charles Morin'

Subject: RE: Details of conference telephone call with CFSAN

Mr. Morin-
We're currently expecting the following people on the call:

-myself

-Supratim Choudhuri, Toxicology Reviewer

-Alison Edwards, Chemistry Reviewer

-Robert Merker, Supervisory Consumer Safety Officer
-Jeanette Glover Glew, Supervisory Consumer Safety Officer
-Ron Chanderban, Supervisory Toxicologist

-Mike DiNovi, Supervisory Chemist

-Bob Martin, Deputy Division Director, DBGNR

-Toni Mattia, Division Director, DBGNR

-Stefano Luccioli, OFAS Medical Officer

-Kathleen Jones, CFSAN Biotechnology Coordinator

Regards-

-Jeremiah Fasano

Jeremiah Fasano, Ph.D.
Consumer Safety Officer
DBGNR/OFAS/CFSAN/FDA

jfasano@cfsan.fda.gov
Phone: 301-436-1173
Fax: 301-436-2964

HFS-255
5100 Paint Branch Parkway
College Park, MD 20740

From: Charles Morin [mailto:charleslmorin@earthlink.net]
Sent: Wednesday, August 16, 2006 3:02 PM

To: Fasano, Jeremiah

Subject: Details of conference telephone call with CFSAN

Jeremiah Fasano, Ph.D.
Consumer Safety Officer

6/27/2007

Page 1 of 3
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DBGNR/OFAS/CFSAN/FDA
HFS-255

5100 Paint Branch Parkway
College Park, MD 20740

Re: Pharming
rhLF
Details of conference

telephone call with CFSAN

Dear Dr. Fasano,

Page 2 of 3

With regard to the upcoming conference telephone call (on Friday, September 1 at 10:00 a.m. EST)

between CFSAN and Pharming, please find below the details | promised.
Call in directions

Call in number: (866) 448-6761
Code: 940357

Pharming participants
Those individuals who will be participating on behalf of Pharming include:

1. Frans de Loos, PhD
Project Director (rhLF);
2. Sandra van Wetering, PhD
Scientist, Molecular Biology and Immunogenics;
3. Bertjan Ziere, PhD
Senior Director, Preclinical;
4. Harrie van Veen
Muscle Scientist;
5. Erik Doevendans
Director, Product Registration;
6. Anurag Relan, MD
Director Corporate Development; and
7. myself.

Please let me know (e-mail is OK) who will be participating on behalf of CFSAN.

Questions for CFSAN

Please find attached a copy of those thirteen questions Pharming intends to ask CFSAN during the

teleconference. They are intended to clarify the questions CFSAN has asked Pharming so that

Pharming's response can be as on point and complete as possible.

After you have had an opportunity to review the forgoing information if you have questions or need

additional information, please let me know.

6/27/2007
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We look forward to a candid and helpful exchange.

Best regards.

Charles L. Morin

Morin & Associates

388 Market Street, Suite 500
San Francisco, CA 94111
us

Phone: (415) 957-0101
Fax: (415) 957-5905

Email: charlesimorin@earthlink.net

6/27/2007
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Fasano, Jeremiah

From: Charles Morin [charlesimorin@earthlink.net]
Sent: Wednesday, August 30, 2006 2:22 PM

To: Fasano, Jeremiah

Subject: Details of conference telephone call with CFSAN

Dear Dr. Fasano,

On Wednesday, August 16th, | sent you an e-mail concerning those Pharming individuals who will participate
in Friday's conference telephone call. Unfortunately, | somehow got some of the titles wrong; mea culpa!

Following are the individuals and their correct titles:

1. Frans de Loos, PhD
Director, Business Development Products (rhLF);

2. Sandra van Wetering, PhD
Scientist, Biochemistry and Immunochemistry;

3. Bertjan Ziere, PhD
Senior Director, Preclinical;

4. Harry van Veen
Scientist, Process Development;

5. Erik Doevendans
Director, Regulatory Affairs (including product registration);

6. Anurag Relan, MD
Director, Corporate Development; and

7. myself.

Looking forward to a productive meeting!

Best Regards.

Charles L. Morin

Morin & Associates

388 Market Street, Suite 1460
San Francisco, CA 94111

us

Phone: (415) 957-0101
Fax: (415) 957-5905

6/27/2007
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Email: charleslmorin@earthlink.net

6/27/2007
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION
MEMORANDUM OF TELECONFERENCE

DATE: September 1, 2006
TIME: 10:00 AM
LOCATION: US 2013
PARTICIPANTS:

EDA

Jeremiah Fasano
Supratim Choudhuri
Anna Brown

Jeanette Glover Glew
Alison Edwards
Robert Martin
Stefano Luccioli
Mary Ditto

Michael DiNovi
Carrie Hendricksen
Ronald Chanderbhan
Robert Merker (by phone)

External

Frans de Loos
Sandra van Wetering
Bertjan Ziere

Harry van Veen

Erik Doevendans
Anurag Relan
Charles Morin

HFS-255
HFS-255
HFS-255
HFS-255
HFS-255
HFS-255
HFS-205
HFS-255
HFS-255
HFS-255
HFS-255
HFS-255

Pharming
Pharming
Pharming
Pharming
Pharming
Pharming
Morin and Associates

SUBJECT: Discussion of GRN 189 status

Members of the Office of Food Additive Safety met with representatives of Pharming,
Inc. (Pharming), including Pharming’s agent (Mr. Morin) to discuss the status of GRN
189 for the use of recombinant human lactoferrin from bovine milk in various foods
consumed by adults. The specific purpose of the meeting was to ensure that our
questions, previously conveyed to Pharming in writing, were clearly understood.
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SURNAME

DATE
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SURNAME

DATE

OFFICE
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COPY




September 1, 2006 Memo of Teleconference — Page 2

Pharming had provided some written questions in response, which were also discussed at
this meeting.

FDA staff reviewed some general information about food ingredient safety assessment, as
well as questions posed to the notifier in our correspondence of May 17, 2006. We then
discussed the specific questions posed by the notifier in their correspondence of August
16, 2006.

The meeting concluded with an agreement by Pharming to consider the issues raised by
FDA staff and follow up with the agency.

Jeremiah Fasano

Drafted:HFS-255:10/12/2006
F/T:HFS-255:1/16/2007



To:  Pharming rhLF file

From: Charles Morin

Re: Teleconference with CFSAN

On Friday, September 1, 2006 the following personnel from CFSAN', i.e.,

1. Brown, Anna Marie (HFS-820)
Division of Research and Applied Technology (ONPLDS),

2. Chanderban, Ron PhD (HFS-255)
Supervisory Toxicologist,

3. Choudhuri, Supratim PhD (HFS-255)
Toxicology Reviewer,

4. Diho, Mary PhD (HFS-255)
Consumer Safety Officer,

5. DiNovi, Mike PhD (HFS-255)
Supervisory Chemist,

6. Edwards, Alison PhD (HFS-255)
Chemistry Reviewer,

7. Fasano, Jeremiah PhD (HFS-255)
Consumer Safety Officer,

8. Glew, Jeanette Glover (HFS-255)
Supervisory Consumer Safety Officer,

0. Hendrickson, Carrie PhD (HFS-255)

Consumer Safety Officer,

! Although Toni Mattia, PhD (HFS-255), Division Director and Kathleen Jones, PhD (HFS-013), Biotechnology
Coordinator had originally planned to participate in the teleconference, due to conflicts both were unable to attend.



10. Luccioli, Stefano MD (HFS-255)
Medical Officer,
11.  Martin, Bob PhD (HFS-255)
Deputy Division Director, and
12.  Merker, Robert PhD (HFS-255)
Supervisory Consumer Safety Officer,
met — via telephone — with the following personnel from Pharming, i.e.,
1. Frans De Loos, PhD
Senior Director, Business Development Products (rhLF),
2. Sandra van Wetering, PhD
Scientist, Biochemistry and Immunochemistry,
3. Bertjan Ziere, PhD
Senior Director, Preclinical,
4. Harry van Veen, MSc
Scientist, Process Development,
5. Erik Doevendans, MSc
Director, Regulatory Affairs (including product registration),
6. Anurag Relan, MD
Director, Corporate Development,
7. Mourad Salaheddine, PhD
Senior Director, Animal Health and Production, and

8. myself,

for the sole purpose of clarifying the substance and scope of the concerns/questions posed in
CFSAN’s email of May 17, 2006. The teleconference began at 10 a.m. (EST) and ended at 10:51
a.m. (EST).

The meeting began with Morin indicating to CFSAN that all seven individuals representing

Pharming were on the line. Dr. Fasano — who coordinated and chaired the meeting and who is



coordinating the overall GRAS evaluation of GN 189 — then asked each CFSAN attendee to self
identify, which each did.

Dr. Fasano then offered numerous introductory remarks, which included:

1. that the purpose of the meeting was to identify to Pharming certain questions which

CFSAN has and to assure that Pharming understands the substance and scope of the

questions;

2. that with regard to food ingredient safety evaluation:

®

the FD&C Act and certain CFR regulations set forth the basic requirements;

safety means that there is a reasonable certainty in the minds of qualified experts that
a specific substance is not harmful under the intended conditions of use (see 21 CFR
§ 170.3(1));

general recognition of safety based upon scientific procedure requires the same
quantity and quality of scientific evidence as is required to obtain approval of a food
additive (see 21 CFR § 170.3(b));

the difference between determining safety of a food additive and a GRAS substance is
that in the former instance CFSAN decides what is safe and in the latter instance safety
is determined by qualified experts based on publicly available information;

general recognition requires a CONsensus by qualified experts based on common
knowledge throughout the pertinent scientific community;

intended use is a key consideration both with regard to general recognition and
determining safety;

safety is evaluated (per intended use) via daily consumption (i.e., exposure), assuming
lifetime (i.c., everyday) exposure;

potential benefits do not weigh into a safety evaluation at all (no risk/benefit analysis

takes place);



i. traditionally, when dealing with essentially small molecules which are intended to have
an effect in the food (and not in the consumer), safety could be assessed via use of an
evaluation which substantially depended on a set of testing that emanated from, for
example, the “Red Book™; however, when the substance may (or is intended to) have an
effect in the consumer, then such use may result in the asking of different questions
(although asked pursuant to the same reasonable certainty standard);

j. no “blind check list” of standard tests applies (in each case, one must use all tests
necessary to demonstrate safety; the actual sets of tests used in any one instance may
vary from another instance); and

k. the identity and nature of the substance (within the context of the intend use) is what

drives the testing;

that with regard to the GRAS program itself:

a. if a substance and its intended use(s) are not listed in the CFR (as having been approved
or GRASed by CFSAN), then one needs to assess whether such substance and use(s)
are GRAS;

b. if a substance has been in broad use for some time then it may be GRAS based on
common use in food;

c. if a substance is — in essence — new, then GRASness must be based on scientific
procedures;

d. while one can independently assess GRASness (and not interface with CFSAN)),
CFSAN does operate a voluntary program currently known as the GRAS Notification
process (which is not an approval process and which emanates from a rule proposed in
1997) which permits one to obtain a written opinion from CFSAN as to whether
CFSAN believes one has demonstrated in a given instance GRASness (via the
information conveyed to CFSAN in the GN);

e. CFSAN will respond either that it has “no questions” concerning the petitioner’s
determination of GRASness or that it believes that the evidence submitted does not

demonstrate (or support) a GRAS determination;



in any safety evaluation, CFSAN considers all of the information in the GN, as well as
all other information that may be available to it;

CFSAN expects that a GN will disclose all matters (i.e., the good, the bad and the ugly)
that may be pertinent to a GRAS determination, especially any problematical matters;
use of an expert GRAS panel can often be helpful, especially in serving as a “proxy”
for the expert community as to whether a general consensus exists;

an expert panel not only can offer technical advice but also serve to provide insight into
what the expert community is thinking;

the GN evaluation process is generally not an interactive process (usually the decision
rests solely on the information provided in the GN), but in this case, due to the novelty
of the substance and its intended use(s), it is productive and helpful to have a certain
amount of back and forth (thus CFSAN’s questions and this meeting); and

GRASness can be time specific, i.e., information can become available which changes

a not GRAS status to a GRAS status;

with respect to CFSAN’s list of questions:

a.

b.

lactoferrin is clearly a molecule with multiple modes of action — some of which appear
to be immunomodulatory;

use of the term “biological response modifier” is intended to convey the thought that
LF may have — via its motive capability — an effect on one or more of the many
components of the human immune system (and not just an on or off effect on the entire
system as a whole);

oral consumption of lactoferrin appears to produce effects both in the gut and
systemically;

some of these effects appear to be anti-inflammatory, others pro-inflammatory (e.g.,
Thl cell activity is enhanced, some cytokines (e.g., IL-18, [FNy, and IL-12) are
increased in the gut and systemically and may be pro-inflammatory or linked to

Crohn’s disease or arthritis, and natural killer cell activity may be increased,



there is some evidence in support of species specific interactions — but no clear picture
has emerged;

there is very limited evidence from some comparative studies on affinity of receptors in
the small intestine (e.g., bLF is a poor competitor for such receptors vis-a-vis hLF in
the human gut, whereas the mouse receptor appears to be equally receptive to either
bLF or hLF — all of which complicates interpretation of this type of scientific
information);

there exists some good papers from Pharming concerning characterization of rhLF (as
expressed in cows); clearly Pharming’s product is human lactoferrin; differences appear
to include differences in glycosylation (i.e., different glycans are attached than to rhLF)
and differences that exist between the amino acid sequence of rhLF and the different
amino acid sequences that exist naturally due to allelic variation in humans (do all of
these variations actually exist in nature?);

with regard to human exposure, the ADI was calculated based on exposure to infants
(the most extreme exposure) which exposure is very large; however, adults and infants
vary with respect to the strength and profile of Th1 and Th2 responses which difference
may be important (and, thus, needs to be considered); in addition, the structure of the
gut differs in the infant (which may have a more “leaky” gut) and adult (e.g., with
regard to lymphatic tissues and porosity) and this too needs to be addressed;

because we are talking about the maturation of multiple components (i.e., from infant to
adult) — both with regard to the gut and the immune system — we are talking about a
continuum — with the infant at one end and the adult at the other;

with regard to the preclinical studies submitted, they amount to classical tox studies
which do not focus on the immunomodulatory endpoints here at issue; thus, if other
pertinent information is available, that would be helpful;

no real validated preclinical models for evaluating potential immunogenicity currently
exist, but there may be animal models for evaluating activity of hLF (is Pharming

aware of any such information?);



with regard to the clinical studies, they were short term and on small populations and
not really related to the immunomodulatory endpoints here at issue; thus, if other
pertinent information is available — especially with regard to long term exposure — that
would be helpful;

some of the effects of LF in infants may be different then in adults; therefore, there may
be a problem with using infant data to establish safe levels in adults (do you have any
information that could help resolve this situation and indicate whether it is appropriate
to use the infant data for establishing the safe consumption level for all consumers —
especially as it relates to functionality);

it is important to consider — given the immunomodulatory effects of lactoferrin —
whether chronic consumption of LF might cause a pro-inflammatory response or
exacerbate autoimmune disorders or whether tolerance can be broken by continuous
exposure to exogenous lactoferrin (especially via, for example, a Thl increase, since
there are models in which an increase by a single, type molecule leads to an event —
such as a Thl increase (a bias) or alloepitope spreading (i.e., tolerance to one kind of
allelic hLF and exposure to another);

also consider the difference in glycosylation and the possible increased uptake of
lactoferrin by mannose receptors in dendridic cells whereby there can result an
increased presentation to the immune system; and

generally need information concerning “likelihood” that these concerns will or will not

occur;

5. with regard to Pharming’s thirteen specific questions pertinent to clarification:

a.

in response to Morin’s general inquiry concerning the sources of CFSAN’s concerns —
so that all such sources can be responded to — Dr. Fasano indicated that all such
concerns flow from various (not just one seminal article), pertinent, published,
scientific articles; thus, an appropriate literature search should reveal all such articles
(CFSAN would be willing to examine our combined references list and let us know if

these are important references that have been left off); and



b. as to the thirteen questions and CFSAN’s remarks they follow (for the sake of clarity,
the questions are set forth and immediately followed by CFSAN’s comments):

Question 1
When CFSAN uses the term “biological response modifier” does it mean anything more
(or different) than — in this case — whether oral consumption of lactoferrin does, in fact,

specifically or nonspecifically increase or decrease immune response?

Response

No, provided that there is an understanding that the human immune system consists of
numerous components and, thus, one would be looking to see whether oral consumption of
lactoferrin — at the levels in question — produces any effect on any one or more of these
components (and not merely an on or off effect on the system as a monolithic whole, which it

isn’t).

Question 2
When CFSAN uses the term “adverse effects” does it mean anything more or different than

harmful to humans?

Response
No.

Question 3
When CFSAN uses the term “susceptible individual” it suggests there are those more likely
to be affected. Does this include everyone or some subset of everyone — all of which have an

inherent vulnerability? If the latter, please specifically identify the subset(s).



Response

CFSAN is particularly concerned about evoking or exacerbating any disorder in individuals
that have a genetic predisposition to autoimmune disorders. This may involve 5-10 percent of the
general population. These individuals are difficult to identify, whether via screening or otherwise,

due to the complex nature of their predisposition.

Question 4

CFSAN questions reference — in the context here in question — the utility of short term and
long term animal (preclinical) studies. Given that it is most likely that recombinant human
proteins will be immunogenic in animals and that the induction of antibody formation in humans
and that there are currently no reliable animal models and no standard test for predicting the
immunogenicity of proteins in humans, what is the value here to be provided by use of preclinical

studies to predict immunogenicity?

Response
CFSAN “absolutely agrees.” However, CFSAN wonders whether Pharming has any

additional information concerning the above-noted effects of lactoferrin.

Question 5

A CFSAN question raises the subject of the availability of clinical evidence. Is this matter
being raised merely to obtain, if available, any already existing, relevant, clinical evidence or to
indicate the possibility of CFSAN requiring “long term” or other clinical trial(s). If the latter, does
CFSAN believe that it has legal authority to require any clinical trial in the context of the matter

here in question? If so, please identify such authority.

Response
CFSAN - being aware of some relevant, preexisting, clinical information — merely

wonders whether Pharming has any such data that speaks to any of the above — noted concerns.



Questions 6 — 10
What published information and direct evidence is known to CFSAN that indicated that
“lactoferrin has been shown to enhance Type 1 T helper (Th1) cell activity, as well as the release

of specific cytokines in the gut and systemically following oral administration?

What published information and direct evidence leads CFSAN to be concerned — assuming
for the moment oral consumption of lactoferrin has an effect on Th1 cells — that such an effect

potentially might exacerbate pro-inflammatory responses?

What published information and direct evidence leads CFSAN to believe that “Chronic
pro-inflammatory Th1 — mediated immune responses might result in the promotion of autoimmune

or other inflammatory disorders, in the gut or elsewhere, in individual predisposed to such”?

What published information and direct evidence leads CFSAN to believe that “Even small
structural or biological differences between the native and modified form of a particular protein
may have a significant impact on that protein’s recognition by the immune system and subsequent

response”?

What published information and direct evidence leads CFSAN to believe that Pharming’s
exogenous human lactoferrin may evoke a nonallergenic immune response in susceptible
individuals that disrupts previous tolerance to endogenous lactoferrin through determinant
spreading from alloepitopes, the potential for enhanced pro-inflammatory Th1 responses

mentioned above, and increased uptake by antigen-presenting cells via the mannose receptor?

Response

Such evidence all emanates from the published literature.

With regard to question 10, CFSAN is not aware of any direct evidence that indicates that
lactoferrin will cause the tolerance breakdown referenced above. Its concern arises from certain

models — such as a mouse model pertinent to experimental auto-immune encephalomyelitis and

10



other information (such as that pertinent to the flooding of numerous receptors) — which generally

indicate that a substance can cause such a breakdown.

Question 11
When CFSAN uses the term “determinant spreading from alloepitopes” — as it does above

— exactly what does it mean?

Response

Since there are in nature various slightly different hLFs resulting from different alleles for
hLF which will activate different T cell epitopes, will receptors for lactoferrin be tolerant to all
such resulting epitopes or will any one slightly different epitope — which may vary from the

epitope associated with endogenous lactoferrin — cause a non-tolerant effect.

Question 12
When CFSAN uses the term “adult” should Pharming believe that CFSAN does not mean a
human who is merely some specific age (like 18 or 21) but rather means a human with a mature

gut and immune system?

Response

Yes. CFSAN merely means that since there are known differences between the gut and
immune systems of an infant and adult (for example, an infant’s gut is a leaky one and its immune
system is biased towards Th2) and since Pharming has relied on exposure confirmation from
infants to calculate an ADI for adults, do the known differences make any difference. If so,

perhaps the ADI needs to be recalculated.

Question 13
When CFSAN uses the term “immunological safety” does it mean anything more (or
different from) than that oral consumption of lactoferrin (at the maximum level here in question)

does not cause adverse, non-allergenic responses by the adaptive immune system?

11



Response
No. The focus here is not potential allergenicity; rather, it deals with the issues unique to

this substance and its intended use.

skeokoskoskoskoskosk

Dr. de Loos indicated that the clarifications and questions are clear and very helpful.

Morin inquired into the schedules of events — including the filing of Pharming’s response,
CFSAN’s review of Pharming’s response, and a face-to-face meeting at CFSAN — that need to
take place prior to CFSAN making its decision. Someone at CFSAN indicated that CFSAN would
be looking for all information to be in the written response and that no meeting would likely take
place. However, Morin pointed out that such remark differs from the schedule of events —
including a second meeting — set forth in Dr. Fasano’s email and discussed with and agreed to with
Dr. Mattia before the filing of Pharming’s GN. It was determined that such prior agreed to
schedule should prevail and that a scientific meeting could prove very useful. Dr. Fasano raised
the question of whether such meeting should take place before or after Pharming filed its response.

Finally, Ms. Glew encouraged Pharming to contact Dr. Fasano if it had any follow up
questions.

Dr. Fasano encouraged Pharming to tie all the pieces of its response together so as to set
forth a unified, compelling story. Also, he encouraged Pharming to carefully tie its response to

intended use(s).
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Fasano, Jeremiah

From: Charles Morin [charlesimorin@earthlink.net]
Sent: Monday, September 11, 2006 6:41 PM

To: Fasano, Jeremiah

Subject: Details of conference telephone call with CFSAN

Follow Up Flag: Follow up
Flag Status: Completed
Attachments: fasano rhLF_Draft_1[1][1].doc

Dear Dr. Fasano,

Again, thank you for organizing and chairing the meeting concerning CFSAN'’s questions about Pharming’s rhLF. Please find
attached a copy of my memorandum of the meeting. Although | do not believe you are required to do so, if you choose to review the
memo and find any errors or omissions, | would appreciate learning of same.

Best regards.

Charles L. Morin

Morin & Associates

388 Market Street, Suite 1460
San Francisco, CA 94111

us

Phone: (415) 957-0101
Fax: (415) 957-5905

Email: charlesimorin@earthlink.net

6/27/2007
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Law Offices Of
Morin & Associates

Suite 1460
388 Market Street
, San Francisco, California 94111
Telephone: (415) 957-0101 e-mail: charleslmorin@earthlink net Facsimile: (415) 957-5905

December 22, 2006

Antonia Mattia, PhD (HFS-255)

Director

Division of Biotechnology and
GRAS Notice Review A

Office of Food Additive Safety ;

Center for Food Safety and Applied vy !

Nutrition OR‘GfNAL o

. Food and Drug Administration
5100 Paint Branch Parkway

College Park, MD 20740-3835

Re: Pharming Group N.V.

Notice of GRAS exemption for human
lactoferrin derived from the milk of
transgenic cows expressing a human
gene encoding human lactoferrin

GRN No. 000189

Response to request for additional

information
Dear Dr. Mattia:
On December 29, 2005 Pharming forwarded a GRAS Naitification to
. CFSAN concerning the above-referenced lactoferrin. Such notice was
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Antonia Mattia, PhD

Re: GRN 189 Response to CFSAN request
December 22, 2006

Page 2 of 6

received on January 3, 2006 and filed on January 12, 2006. It has been
designated GRN No. 000189.

On May 17, 2006 Dr. Fasano forwarded an email to me indicating
that CFSAN had completed its “preliminary evaluation” of GN 189 and was
forwarding a list of those concerns/questions considered “significant”. Such
concerns/questions seek additional specific information. All such
concerns/questions involve certain specified aspects of Pharming’'s hLF’s

potential to induce any adverse, non-allergic response by the adaptive
immune system.

In order to adequately respond to such concerns/questions and to
assure that such response is complete, accurate and represents — at a

minimum - the consensus view of qualified experts, Pharming (among
other things):

1. participated in a telephone conference with CFSAN
personnel on September 1, 2006 during which certain
clarifications were provided to assure that Pharming
fully understood the concerns/questions CFSAN is
seeking responses to; and

2. added additional pertinent expertise to its expert panel
to help address CFSAN'’s concerns/questions.

Such latter, total, pertinent expertise — that is, the individuals who are
expert in immunology (and related matters) — now include those who have
already contributed to Pharming’s GN, i.e.,

1. Jeremy H. Brock, ScD, PhD, MSc;
Senior Research Fellow
Department of Immunology
University of Glasgow




Antonia Mattia, PhD
Re: GRN 189 Response to CFSAN request
December 22, 2006

Page 3 of 6

(Dr. Brock is a chemist/ micro-biologist/immunologist who is
currently a Senior Research Fellow at the University of
Glasgow in the Department of Immunology and who has a
long and distinguished research career concerned with iron-
binding proteins — especially with regards to infection and
immunity — which includes the study and publlcatlon of much
of what is known about lactoferrin) and

André H. Penninks, PhD

Senior (Immuno) Toxicologist

Division of Experimental Immunology

Department of Toxicology and Applied Pharmacology
TNO:; and

Department of Immunotoxicology
University of Utrecht

R
i

(Dr. Penninks is trained in experimental immunology and
immunotoxicology, teaches immunotoxicology and cell
pathology, and has spent a lifetime researching the effects of
compounds, especially food-related substances),

as well as (new members).

1.

Charles O. Elson, MD

Professor of Medicine and Microbiology
Vice-Chair for Research

Department of Medicine

Director, Inflammatory Bowel Disease Center

~ Senior Scientist, Multipurpose Arthritis Center

University of Alabama at Birmingham

(Dr. Elson is trained in medicine and, in particular,
gastroenterology (especially mucosal immunology) and has a
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Antonia Mattia, PhD
Re: GRN 189 Response to CFSAN request
December 22, 2006

Page 4 of 6

long and distinguished research career involving numerous
aspects of the gastrointestinal immune system (especially as
that relates to IBD and oral tolerance) and is associated with
numerous professional associations and committees and
editorial boards);

Cathryn R. Nagler, PhD

Associate Professor of Pediatrics (Immunology)

Center for Immunology and Inflammatory Disease

Division of Rheumatology, Allergy and Immunology and
Center for the Study of Inflammatory Bowel Disease

Massachusetts General Hospital and Harvard Medical School

(Dr. Nagler is an expert in immunology specializing in
various immunology-related research topics, including
inflammatory bowel disease, Crohn'’s disease, ileitis and
colitis, immunological related mechanisms and
autoimmunity. She has studied the immune response,
induction of tolerance, and the consequences of
breaking tolerance as induced by dietary agents for
years. She is associated with various professional,
committee and editorial entities); and

Hubertus F.J. Savelkoul, PhD

Professor and Chairman

Department of Cell Biology and Immunology
Wageningen University

(Dr. Savelkoul is a cell biologist/immunologist who
specializes in basic and applied immunology,
immunoregulation, immune assays, regulatory T cells,
cytokines and allergy. In addition to chairing his
department, he has published 255 peer-review articles
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Antonia Mattia, PhD

Re: GRN 189 Response to CFSAN request
December 22, 2006

Page 5 of 6

and serves on various boards, in societies and on
editorial boards).

All of these individuals together with numerous Pharming personnel —
including those with an expertise in immunology — have worked together for
several months to prepare the attached response to CFSAN's questions. It
concludes — after considerable discussion of pertinent information — that
Pharming and its experts:

are of the opinion that when all of the pertinent, direct, scientific

evidence is considered as a whole, a fair evaluation of it

demonstrates to a reasonable certainty that Pharming’s exogenous
lactoferrin will not induce any adverse, non-allergic response by the
adaptive immune system and — when combined with the information
in Pharming’s GN — demonstrates to a reasonable certainty that

Pharming’s product is not deleterious and generally recognized as

safe for human consumption at 100 mg per product serving.

After you and your colleagues have had an adequate opportunity to
review the attached information, if you determine that CFSAN has no
further questions regarding Pharming's and its expert panel's
determination, i.e., that the above-referenced lactoferrin is GRAS under the
intended conditions of use, please forward to me an “Agency Response
Letter”. If, however, you have additional questions (including concerns),
please let me know and we can arrange - pursuant to my
conversation/agreement with you — to meet with you and your colleagues to
discuss such remaining questions/concerns.

Finally, as agreed to at the start of this project, Pharming has not
attached copies of all of the references. However, if you need any of them,
(and they are all set forth on the reference list), please let me know and |
can have them to you by next day (if not before via email).
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Antonia Mattia, PhD

Re: GRN 189 Response to CFSAN request
December 22, 2006

Page 6 of 6

Thank you in advance for your and your colleagues’ efforts.

mceraly,

Charles L. Morin

cc:. Frans de Loos, PhD
Senior Director, Business Development
Pharming Group N.V.
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Pharming’s Response
To CFSAN’s Concerns
Regarding
its Lactoferrin’s Potential
"~ To Induce
Any Adverse, Non-allergic Response
By The
Adaptive Inmune System

. Introduction

Before and after the September 1, 2006 teleconference with CFSAN
(to assure that Pharming fully understood the concerns of CFSAN that
Pharming needed to address with regard to the potential of its exogenous
lactoferrin to cause any adverse, non-allergic, immunological response by
the adaptive immune system), Pharming did a number of things to assure
that this document is fully and professionally responsive. Such things are
discussed below in detail (in highiighted subparts).

A. Pharming sought out direct evidence

Dr. Tarantino, Director, Office of Food Additive Safety, has correctly
indicated (see, e.g., Tarantino response — dated November 28, 2005 — to a
scientific question raised in connection with GRNO00049), that any decision
(whether made by CFSAN or a notifier) made with regard to a GRAS
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Notification is legally required to be based on “direct evidence” and not on
mere “hypothesis” or on mere “speculatidn”. Such a requirement is intended
to assure that such decision has an adequate informational (including being
based — when pertinent — on established science') — and, therefore, legal —
basis and is not founded on information which is inherently inadequate due,
for example, to its poor quality, inconclusiveness, unscientific nature, or
insufficiency. In short, mere conjecture will not suffice as an adequate basis
for any decision pertinent to a GRAS determination.

To this end, Pharming — with the assistance of its experts — obtained
and reviewed all pertinent, published (including peer-reviewed), scientific
evidence which it could locate and which was directly related — regardless of

whether pro or con — to the CFSAN concerns to be addressed?.
B. Pharming consulted with pertinent expertise

Notwithstanding that Pharming has in-house expertise in immunology,
Pharming also sought out and utilized additional, qualified expertise in
immunology in preparing this response and to serve on its expert panel (as
expanded). Such total expertise was used to assure that the information
referred to above was as complete as possible and to provide the best
possible expert insight into and opinion concerning the meaning of such

information.

' General recognition based upon scientific procedures — as is the case here — requires the same quantity and quality
of scientific evidence as is required to obtain approval of a food additive. (21 CFR §170.30(b)).

? The list of references initially considered was much longer than the list of references attached to this response. The
initial list included all — even remote — possibilities; the final list includes only those determined — after careful

review — to be really pertinent.
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() C. Pharming utilized appropriate, professional opinion

When preparing this response, Pharming required — pursuant to pertinent
legal requirements — that certain proof requirements be met. First, it
required that this response be primarily and adequately based — as the law
requires — on publicly available (i.e., both peer-reviewed and published),
established, direct, scientific evidence.® (21 CFR §170.30(b)). As the law
mandates, use of, for example, secret information is — by definition —
unacceptable. Of course, other information might be used as secondary,
supplemental, corroborating evidence — but not as direct evidence. Second,
qualified experts (as a result of their pertinent training and expertise) were
consulted to assure that all pertinent, direct evidence was identified and :
considered. Such experts were also utilized to review the pertinent evidence
. and to determine its meaning and to help formulate and confirm the
conclusions that could reasonably and accurately be derived from it. Third,
Pharming required — as does the law — that such meanings and conclusions
emanate from a general recognition, i.e., a consensus, of the experts.* (21
USC §321(s)). Finally, Pharming required that meanings and conclusions —
including with regard to safety — be based (as the law requires) on
reasonable certainty.” As pertinent regulations make unequivocally clear

with regard to the meaning of reasonable certainty:

3 General recognition of safety through scientific procedures shall ordinarily be based upon published studies which
may be corroborated by unpublished studies and other data and confirmation. (21 CFR §170.30(b)).

* The law also requires that the safety factors utilized to evaluate safety also be generally recognized.

‘ (21 CFR §170.3()(3)).

* Safety means that there is a reasonable certainty in the minds of competent scientists, i.e., qualified experts, that a !
specific substance is not harmful under the intended conditions of use. (21 CFR §170.3(i)). j

3 0&@7&5—\ |



. It is impossible in the present state of scientific knowledge to establish
with complete certainty the absolute harmlessness of the use of any
substance.

(21 CFR §170.3(i)). Thus, absolute certainty is not required. Nor is proof
beyond a reasonable doubt. Nor is one required to prove a negative (which,
of course, is impossible). Nor does reasonable certainty amount to mere gut
feeling. Rather, reasonéble certainty is achieved when qualified experts
determine in consensus fashion — pursuant to generally recognized
principles of safety — that it is generally recognized among such experts that
a fair evaluation of the direct evidence indicates that there is convincing
evidence a substance is not harmful under the intended conditions of use.
FolIoWing, then, is Pharming’'s response — including the identification
and meaning of, and the conclusions emanating from the pertinent, direct
. evidence. For the convenience of the reader, such response is set forth in
the following format — CFSAN's concerns are individually set forth in the
order in which they appear as bullet points in CFSAN’'s email (with one
exception)® and then immediately followed by Pharming’s response (usually
in highlighted subparts). In addition, since Pharming cannot practically know
the extent to which any reader of this response may or may not be a
qualified expert on the subject matter and in the spirit of attempting to make
this response as useful to all readers as possible (including, especially, any
non-expert), Pharming has, from time to time, throughout the response
included some very basic information, especially as it relates to definitions of
terms. Pharming trusts that the inclusion of such information will not offend

anyone, especially any qualified expert.

¢ CFSAN’s concern about the identity of “Pharming’s lactoferrin” (i.e., CFSAN’s second bullet point) is set forth first
since it is important to the response to clearly establish at the outset exactly what substances we are all discussing.
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ll. Concerns And Responses

Following are CFSAN'’s concerns (as set forth in its email of May 17,
2006) and Pharming’s responses.

A. CFSAN'’s concern (its second bullet point):

Pharming's lactoferrin is distinct from the endogenous lactoferrin of
individual consumers with respect to expected differences between the
amino acid sequence of the exogenous lactoferrin and the polymorphic
endogenous lactoferrin alleles present in the general population, and the
modification of some species of the exogenous lactoferrin with oligomannose
glycans not found on endogenous forms. Even small structural or biological
differences between the native and modified form of a particular protein may
have a significant impact on that protein's repognition by the immune system
and subsequent response. We are concerned that Pharming's exogenous
human lactoferrin may evoke a nonallergic immune response in susceptible
individuals that disrupts previous tolerance to endogenous lactoferrin
through determinant spreading from alloepitopes, the potential for enhanced
pro-inflammatory Th1 responses mentioned above, and increased uptake by

antigen-presenting cells via the mannose receptor.
B. Pharming’s response:

1. The substance In question

At the outset, it seems important to emphasize that this entire
discussion should .be about the substances which are the focus of

Pharming’'s GRAS Notification — that is, Pharming’s and native human
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lactoferrin. Thus, much of what is in the GRAS Notification and this
response is only about human lactoferrin (sometimes referred to in this
response as hLF). However, Pharming recognizes that human lactoferrin is
only one in a broad set of mammalian lactoferrins (including, especially,
bovine lactoferrin — sometimes referred to in this response as bLF)’;
accordingly, Pharming has also — from time to time — included in its response
information about other lactoferrins because such information is helpful in

establishing a broader context of safety of human lactoferrin.
2. Endogenous and exogenous human lactoferrin

CFSAN has expressed a concern that Pharming’s exogenous
lactoferrin is structurally significantly different from the polymorphic,
endogenous lactoferrin produced naturally by the individual consumers
comprising the U.S. population and that such structural differences may
have a significant impact on the way in which such exogenous lactoferrin is
recognized and responded to by the human immune system. Accordingly,
what follows is a discussion of the extent to which both lactoferrins are
identical, the extent to which both lactoferrins are different, and the

importance of any difference.
a. Both lactoferrins are almost entirely the same

As discussed in considerable detail in Pharming’s GRAS Notification
(please see, e.g., pages 4-5, 12-13, and 32-34), both Pharming’s exogenous

7 To the extent hLF is considered to be a “known biological response modifier” (KBRM) of the human immune
system, bLF must also be considered a KBRM. bLF has been determined to be GRAS and at a level equivalent to the
level being requested in Pharming’s GN.
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lactoferrin (rhLF") and endogenous lactoferrin (“hLF”) are overwhelmingly ?
F

identical.

As a reminder, such identicalness extends to the fact that both

lactoferrins:

1.

are the same metal-binding, glycoprotein, i.e., hLF (Thomassen,
2005; van Berkel, 2002; Anderson, 1989);

. have the same amino acid sequence and composition based on

the nucleic acid sequence pertinent to the allelic variation seen in
the normal population (see, GN, subsection IH(C)(1)(e));

. have the same N-terminal protein sequence (van Berkel, 2002);

4. have the same three-dimensional, protein structure (Thomassen,

2005),

5. are N-glycosylated (van Berkel, 2002);

have the same number and location of glycosylation sites (van
Veen, 2004);

show the same chromatographic profiles upon analytical Mono S
analysis (van Berkel, 2002);

have the same core-molecular weight (although overall molecular
weight slightly differs — Pharming’s hLF is slightly lower — due to
the differences in the carbohydrate moieties attached to the

lactoferrin core) (van Berkel, 2002);

. show the same tryptic degradation kinetics, i.e., digestibility (van

Veen, 2004),

10. have the same iron-binding and iron-release properties (van

Berkel, 2002); and

11. are equally effective against experimental infections with

multidrug-resistant S. aureus and K. pneumoniae in mice (van
Berkel, 2002).
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Thus, from the point of view of considering any difference which actually
makes any significant difference, Pharming’s lactoferrin is identical to

endogenous lactoferrin — except for the difference that is discussed below.
b. The extent to which both lactoferrins are different

CFSAN questions whether Pharming’s lactoferrin differs from

endogenous lactoferrin in two, different ways. Each is discussed below.
(1.) With regard to respective amino acid sequences

CFSAN first questions whether the amino acid sequence of Pharming’s
exogenous lactoferrin is structurally different from that of endogenous
lactoferrin.? As Pharming’s GN explains (see pages 12-13) and as
discussed below, the two lactoferrins are not really different.

Careful comparison of the ten, published, amino acid sequences of
endogenous lactoferrin demonstrates that such naturally-occurring
sequences may naturally differ from one another in six instances®, i.e., in
amino acid positions 4, 11, 14, 29, 413, and 561. In each such natural
instance, the amino acid present is one of only two possibilities. Thus, there
exists a well-known and well-documented naturally-occurring range of amino

acid variation in endogenous lactoferrin.

¥ Specifically, CFSAN asserts that “Pharming’s lactoferrin is distinct from the endogenous lactoferrin of individual
consumers with respect to expected differences between the amino acid sequences of the exogenous lactoferrin and the
polymorphic endogenous lactoferrin alleles present in the general population.”

® Only four of these instances have been scientifically confirmed, i.e., at amino acid positions 4, 11, 29 and 561. (Van
Veen, 2004). The other two, i.e., positions 14 and 413, have not yet been confirmed. Pharming’s lactoferrin has — with
regard to these latter two amino acid positions — the same amino acids as reported in 9 of the 10 above-referenced
amino acid sequences. (See pages 12 and 13 of Pharming’s GN). It is possible that the latter two differences may not
be real.
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Pharming’s lactoferrin does not differ from but rather exactly duplicates
this range, i.e., it is no more different from such range than any one of the
ten, known endogenous lactoferrins. In each of the six, above-referenced
amino acid positions, Pharming’s lactoferrin incorporates exactly the same
one of two possible amino acids, as does any one of the ten endogenous
lactoferrins. Thus, there exists no real difference here between what occurs
endogenously and what occurs exogenously. (Please note that with regard
to all other amino acid positions, they are all identical).

There is no scientific evidence whatsoever that an individual producing
one of the above-referenced endogenous lactoferrins reacts -
immunologically speaking — differently when exposed to any one of the other
above-referenced endogenous lactoferrins. Indeed, extensive and long-term
human experience demonstrates just the opposite. For example, infants
when consuming mother's milk are exposed — in the vast majority of
instances — to an endogenous hLF variety that differs from their own and all
without adverse, immunological reaction, probably due to oral tolerance
and anergy’’. It should be noted that these daily exposure levels far exceed
the daily exposure level being requested in Pharming’s GRAS Notification,
i.e., 100 mg/product serving.”?> In addition, patients — of all varieties and
ages — who receive transfusions of blood products, e.g., fresh, frozen

plasma, are routinely exposed to an endogenous lactoferrin that differs from

' The term “oral tolerance” is defined as the suppression of systemic humoral and cell-mediated immune responses
to an antigen after the oral administration of that antigen, due to anergy of antigen-specific T cells or the production of
immunoregulatory mediators such as transforming growth factor-f or interleukin-10. Oral tolerance is a physiological
mechanism for preventing immune responses to food antigens. For a thorough discussion of how tolerance is
established, etc., see Iweala , 2006 or Faria, 2005.

' The term “anergy” is defined to mean a state of unresponsiveness to antigenic stimulation. Lymphocytic anergy
(also called clonal anergy) is the failure of clones of T or B cells to react to antigen, and this may be a mechanism of
maintaining immunologic tolerance to self antigens. In clinical practice, anergy refers to a generalized defect in T
cell-dependent cutaneous delayed-type hypersensitivity reactions to common antigens. (Abbas, 2006).

"2 The issue concerning the impact of the differences between the adult and infant gut and immune system are
discussed in a later section. (See, section J).
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their own. This lactoferrin — present in the plasma at varying concentrations
from 42-202 pg/ml - is predominantly derived from degranulating
neutrophils. (Scott, 1989). Moreover, patients who receive such transfusions
commonly have ongoing inflammatory reactions, e. g., trauma. Even so,
such very numerous, systemic exposures to these exogenous lactoferrins in
these patients have not been reported to have led to any known, adverse,
immunological event. Oral exposure to human lactoferrin should be even
less potentially immunogenic than this type of exposure. Since Pharming’s
exogenous human lactoferrin only duplicates endogenous, human lactoferrin
(with regard to amino acid sequence), one would also expect such
exogenous lactoferrin not to induce any adverse, immunological event (as a
result of its amino acid sequence). And there in no evidence that it could or
does.

(2.) With regard to glycosylation

As CFSAN correctly notes, Pharming’s exogenous lactoferrin does
differ from endogenous lactoferrin with regard to the type of carbohydrate
structures that are attached at each of the three glycosylation sites.
However, that is the extent of their structural differences (as Pharming’'s GN
discusses at pages 4 and 33), since both lactoferrins incorporate the same
number and location of glycosylation sites and both utilize these
glycosylation sites in the same fashion. (van Veen, 2004).

With regard then to the specific glycans attached at each of the
glycosylation sites, the only glycans attached to the glycosylation sites of
natural hLF (from human milk) are N-linked, complex-type glycans. (van
Berkel, 2002; Spik, 1982). In addition to the complex, N-linked glycans that
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are attached to the endogenous lactoferrin glycosylation sites, Pharming’s
exogenous lactoferrin also bears oligomannose and/or hybrid-type, N-linked
glycans (van Berkel, 2002) — as one would expect, since the distribution and
structures of attached glycans is species-, tissue-, cell type- and protein-
specific. (James, 1995; Opdenakker, 1993). Furthermore, the complex, N-
linked glycans of Pharming’s hLF contain N-acetylgalactosamine next to
galactose, which is typical for N-linked glycoproteins produced in bovine
milk, such as bovine lactoferrin. (Van den Nieuwenhof, 1999; Coddeville,
1992). Finally, the glycans of Pharming’s hLF contain less fucose compared
to natural hLF. (van Berkel, 2002). However, as a result of crystallography
studies, it has been determined that — despite the differences in N-linked
glycosylation — the three-dimensional structure of Pharming's hLF and
natural hLF are identical. (Thomassen, 2005).

Thus, the attached glycan-related differences then are the only known
structural differences that exist between endogenous lactoferrin (from human

milk) and Pharming’'s exogenous lactoferrin.
c. The importance of the single difference

At this point, the key question becomes: Does the above-described
difference (with regard to exactly what glycan is attached at each of
lactoferrin’s three glycosylation sites) make any real difference with regard to
the ability of Pharming’'s exogenous lactoferrin to disrupt previous tolerance
to endogenous lactoferrin? The direct evidence indicates that it does not.

The mere fact that a difference exists — as here — between two forms
of a molecule (one of which naturally occurs - in this case in human milk —

and the other of which differs from that naturally-occuring form only with
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regard to the kinds of glycans attached at each of the glycosylation sites)
does not — by itself — amount to direct evidence that such difference will
affect the latter molecule’s potential immunogenicity. For example, please
note that endogenous hLF (from human milk) and endogenous hLF (from
human neutrophils) also differ in their respective glycosylation patterns.
(Derisbourg, 1990). The glycan associated with neutrophilic hLF is not
fucosylated — thus, it resembles the glycan pattern of human serum
transferrin. (Spik, 1994). However, such difference in glycosylation pattern
does not affect hLF’s function with respect to isoelectric point, stability of the
iron-saturated form, rate of clearance, or antigenicity. (Derisbourg, 1990;
Moguilevsky, 1985).

And there exists another, even more relevant, well-known example,
which demonstrates that consumption of a differently glycosylated lactoferrin
does not lead to any adverse consequences with regard to immune
response or any interruption of tolerance. The example, of course, involves
the human consumption of bLF'® which is long known to be safe (and at
levels far exceeding the level here at issue, i.e., 100 mg per product serving)
as a result of a long and well-documented history of safe use (and by
humans of every variety, including age, race and ethnic background).

Since Pharming’s exogenous lactoferrin and bLF are both produced by
the bovine mammary gland which determines the type of glycosylation (in
this case, a mammalian type of glycosylation) and since, similarly to

Pharming’s hLF, bLF bears oligomannose-type glycans and complex-type

13 Bovine lactoferrin (bLF) is also — like hLF — an iron-binding glycoprotein (of about 80 kDa) which is similar in
structure and function compared to its human homologue. (Nuijens, 1996). The amino acid sequence of bLF (which
contains 689 amino acids) shows 69% homology with hLF. (Pierce, 1991). The sequence of bLF contains five
possible N-linked glycosylation sites. Four sites, i.e., Asn 233, 368, 476, and 545, are always utilized (Spik, 1994)
while the fifth (Asn 281), located in the N-lobe, is glycosylated in about 30% and 15% of the molecules in bovine
colostrums and mature milk, respectively. (van Veen, 2002; Wei, 2000; Yoshida, 2000).
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glycans with N-acetylgalactosamine next to galactose (Coddeville, 1992)
and since historical human consumption of bLF at or exceeding the level of
consumption of hLF being proposed in Pharming’s GN has not resuited in
any reported, adverse, immunological events, one would not expect that
consumption of Pharming’s exogenous lactoferrin would induce any adverse,
immunological event. And there is no direct evidence that it does -
absolutely none.

Of course, under certain circumstances, it may be possible that a
specific difference in glycosylation pattern may make a significant difference
in the way in which a specific glycosylated protein will be recognized by the
human immune system. (Cobb, 2005). But in the specific instance at hand,
the single difference that exists between Pharming’'s human lactoferrin and .
endogenbus human lactoferrin is hardly a difference which might lead to an
adverse effect. Finally and not least importantly, neither Pharming nor its
experts are aware of any direct evidence that indicates that there is any
protein to which humans are tolerant — including bLF and hLF — which will
induce any adverse, immune response merely as a result of a difference in
glycosylation. Therefore, it is extremely unlikely that such difference will alter

the normal way in which Pharming’s hLF is recognized and processed.
3. Determinant spreading

With regard to the potential for determinant spreading from
alloepitopes, Pharming and its experts believe that such event is unlikely to
occur in the situation involving consumption of Pharming’s hLF. An epitope
is any molecular structure that can be recognized by the immune system.

Epitopes, or the antigen from which they are derived, can be composed of
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protein, carbohydrate, lipid, nucleotide, or a combination thereof. (Abbas,
2006). It is through recognition of foreign, or non-self, epitopes that the
immune system can identify and destroy pathogens. T-cells are known to
respond only to linear epitopes, i.e., peptide fragments (usually 8 or 20
amino acids in length) digested from the native protein, that are presented in
association with major histocompatability complex (MHC) molecules.™
(Abbas, 2006). An epitope is considered linear, if the target of the immune
response is apparent in the series of adjacent amino acids without any
requirement for secondary or tertiary structure (folding) as would occur in a
native protein. Thus, any discussion of glycosylation is irrelevant to linear
peptide fragments which are the only entity which determines T-cell
response and, thus, T cell tolerance. Moreover, neither Pharming nor its
experts are aware of any evidence showing that a mere difference in
glycosylation would alter epitope spreading or that oral tolerance can be
disrupted by the introduction of a differently glycosylated version of the
same, native protein.

In addition, although single amino acid substitutions have been
reported to alter epitope spreading resulting in increased immune response,
the amino-acid substitutions in Pharming’s lactoferrin mirror those in
endogenous lactoferrin in the general population.

Therefore, while it is true that polymorphisms present in Pharming’s
lactoferrin can differ from those in the endogenous lactoferrin for a given
individual, such naturally-occurring, amino acid substitutions — which fall

within the range of variation that can be found in a normal population — are

4 A major histocompatibility complex molecule is defined to mean a heterodimeric membrane protein encoded in
the major histocompatibility complex (MHC) locus that serves as a peptide display molecule for recognition by T
lymphocytes. Two structurally distinct types of MHC molecules exist. Class I MHC molecules are present on
nucleated cells, bind peptides derived from cytosolic proteins, and are recognized by CD8" T cells. Class Il MHC
molecules are restricted largely to professional antigen-presenting cells, macrophages, and B lymphocytes, and bind
peptides derived from endocytosed proteins, and are recognized by CD4" T cells. (Abbas, 2006).
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considered not to be immunogenic and, therefore, of little or any risk.
Moreover, since T cells recognize only linear peptide epitopes, the concern
about the effect, if any, of glycosylation is likely to be irrelevant to the
discussion of T cell tolerance.

4. Enhanced pro-inflammatory Th1 response

- As indicated in Pharming’'s GN, there is already a fairly sizeable
endogenous lactoferrin production that occurs in humans as a result of
human lactoferrin being produced in salivary glands and in intestinal mucosa
(and elsewhere). Therefore, ingestion of Pharming’s human lactoferrin
“would simply supplement an already existing endogenous protein. Humans
are already tolerant to human lactoferrin and bovine lactoferrin and once
mucosal tolerance is established, it is quite difficult to “break” it. For
example, a recent study looking at chronic ingestion of foreign proteins by
humans (Zivny, 2001) showed that the major response to chronic antigen
feeding is T-cell anergy (the major mechanism of tolerance to chronic
antigen feeding) even though there are low titers of antibodies to dietary
proteins present in secretions and serum, such as ovalbumin, bovine
gammaglobulin and soy proteins. These anergic, antigen-specific T cells
actively contribute to maintenance of homeostasis in the intestine in the face
of massive antigen challenge. (Zivny, 2001). This is why significant
consumption of bovine lactoferrin does not result in any breakage of
tolerance to bLF and why the same significant consumption of Pharming’s
lactoferrin will not disrupt any tolerance to endogenous lactoferrin. Indeed,
one would expect Pharming'’s lactoferrin to be even less immunostimulatory

and more tolerogenic than bovine lactoferrin.
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. Finally, Pharming and its experts believe that it is very unlikely that
consumption of Pharming’s lactoferrin would result in perturbation of

intestinal barrier function. (Dickenson, 1998).

5. Increased uptake by antigen-presenting cells via the mannose
receptor

Although it may be theoretically possible that the differences in
glycosylation between Pharming’s lactoferrin and endogenous lactoferrin
could result in increased lactoferrin uptake by an antigen presenting cell
(APC) via mannose receptors in such a manner that the Th1 response is
potentiated, Pharming is not aware of any direct evidence to support this.
On the contrary, uptake by a mannose receptor appears to lead to an anti-

’ inflammatory response, rather than a Th1 response. (Chieppa, 2003).
Furthermore, the mannose-type glycans present in Pharming’s lactoferrin
are also present in bovine lactoferrin, which is already GRAS and is not
reported to give rise to harmful, Th1 responses. Finally, Pharming is not
aware of any direct evidence demonstrating that differential glycosylation
alters antigen uptake and potentiates immune reactivity for native proteins.
In conclusion, the risk of disruption of previous tolerance to endogenous
lactoferrin via any increased uptake of Pharming'’s lactoferrin by APCs via

the mannose receptor is considered remote.
C. CFSAN’s concern (its first bullet point):

. Lactoferrin has been shown to enhance Type 1 T helper (Th1) cell

activity, as well as the release of specific cytokines in the gut and
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systemically following oral administration. @ We are concerned about
lactoferrin’s ability, through effects on Th1 cells, to potentially exacerbate
pro-inflammatory responses by this arm of the adaptive immune system.
Chronic pro-inflammatory Th1-mediated immune responses might result in
the promotion of autoimmune or other inflammatory disorders, in the gut or
elsewhere, in individuals predisposed to such disorders.

D. Pharming’s response:

1. Background information
concerning
the adaptive immune system
and
Th1 and Th2 cells

Since the term “adaptive immune system” and, in particular, an
understanding of the activities engaged in by Th1 and Th2 cells are critical to
CFSAN'’s concerns and Pharming'’s response, it seems appropriate — at this
specific point — to provide some helpful background information'® concerning
what such term and activities entail — so as to promote common
understanding. Since such information is quite basic and, therefore, not
particularly helpful to a “qualified expert”, it has been set forth in a stand-
alone attachment. (See, Attachment 1). Notwithstanding its basic nature,

1* Such information — over 6 pages of it — is not set forth with numerous quotes because almost all of it comes from
two, authoritative, sources, i.e., two widely-respected and widely-used medical school textbooks by two widely-
respected immunologists — specifically, that by Abbas, Abul K. (at UCSF Medical School) and Lichtman, Andrew H.
(at Harvard Medical School) entitled: Basic Immunology: Functions and Disorders of the Immune System, Second
Edition, Saunders Elsevier (Phil, PA) (2006) and that by Abbas, Abul K. (at UCSF Medical School) and Lichtman,
Andrew H. (at Harvard Medical School) entitled: Cellular and Molecular Immunology, Fifth Edition, Saunders
Elsevier (Phil, PA) (2005). These sources were used because they are widely respected and represent the consensus,
established viewpoint of qualified experts. The authors are to be credited for the information presented — including
that appearing in many of the footnotes (in particular, the definitions).
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however, the information is important and is, therefore, intended as a part of

Pharming’s response.

2. Enhancement of Th1 cell activity and release of specific cytokines

a. Th1 cell activity

Recent studies inconsistently suggest that 'Iactoferrin has
immunoregulatory properties influencing both innate and acquired immunity.
(See, review by Fischer, 2006). In particular, it has been suggested that
lactoferrin influences T cell maturation, proliferation and differentiation into T-
helper 1 (Th1) or T-helper 2 (Th2) cells. Th1 and Th2 cells are two

functional subsets of Th- or CD4-positive T cells, whose function depends

upon the specific types of cytokines that are generated. (Rafiq, 2000;
Mosmann, 1996; Abbas, 1996). CD4-positive Th1 cells produce IFNy and
IL-2, but not [L-4 or IL-5, and drive cellular immunity to attack viruses and
other intracellular pathogens; conversely, CD4-positive Th2 cells produce IL-
4, |L-5 and IL-13, but not IFNy or IL-2, and drive humoral immunity that up-
regulates antibody production to attack extracellular organisms. Whereas
Th1 cells are known as important producers of IFNy, other cell types are also
able to produce IFNy, including (in particular) NK cells and nonpolarized
memory T cells. (Ye, 1995; Biron, 1999). It is important to note that
increased IFNy production does not necessarily reflect increased Th1 cell
activity.

The establishment of the Th1/Th2 balance is determined early during
immune responses and depends on many factors including antigen
structure, the functional status of antigen-presenting cells (APCs), the

strength of T cell activation, the presence of cytokines, co-stimulatory signais
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and the microenvironment. (Rafiq, 2000). Both Th1 and Th2 cells negatively
cross-regulate the function of one another through their respective cytokines.
(Romagnani S, 1994; Maggi, 1992). Furthermore, it should be noted that IL-
18, frequently reported as being upregulated upon lactoferrin oral
administration, does not skew Th responses towards a Th1 response.
Rather, Th1 responses are highly dependent on and stimulated by IL-12.
Once Th1 cells are polarized, then IL-18 can act on them to enhance IFNy
production. IL-18 also enhances IFNy production of NK cells. Thus,
production of IL-18 does not correlate to induction of Th1 responses.
(Nakanishi, 2001; Okamura, 1998).

Regarding oral administration of lactoferrin, most of the data comes
from orally administrated bovine lactoferrin (bLF) rather than human
lactoferrin (hLF). Since there is sufficient evidence indicating that both
proteins are comparable in structure and function (Baker, 2000; Nuijens,
1996), the effects observed on the immune system as a result of either bLF
or hLF administration have been used as model for oral administration of
Pharming'’s hLF.

Review of the available, scientific literature'® concerning oral
administration of lactoferrin indicates that there are contradictory results with
respect to the evidence showing that lactoferrin affects proliferation and
differentiation of T cells into Th1 and Th2 cells'’. The induction of either Th1

or Th2 biased immune responses by lactoferrin is complex as the observed

!¢ These preclinical and clinical studies — involving oral administration of lactoferrrin — include those by Artym
(2003), Haversen (2003), Hayes (2005), ligo (2004), Ishii (2003), Kruzel (2006), Kuhara (2006), Kuhara (2000),
Nakajima (1999), Sfeir (2004), Takakura (2006), Takakura (2004), Tanaka (1999), Togawa (2002), Ueno (2006),
Varadhachary (2004), Wakabayashi (2006), Wakabayashi (2004), Wakabayashi (2003), Wakabayshi (2002), Wang
(2000), Zimecki 2006), Zimecki (2005), Zimecki (1998) and Zimecki (1995). Other, older studies also have been
conducted. Their findings are all referred to in one or more of the studies referred to in the above-referenced list. All
of the above-referenced studies are fully cited and summarized in Attachment 2.

7 However, please note that Zimecki, et al. reported that lactoferrin inhibits proliferation and cytokine production by

Thl cells — but not Th2 cells. (Zimecki, 1996).
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effects appear to be, at least in part, dependent on the mode of lactoferrin
delivelry and on whether any ongoing inflammatory or immune response is
occurring. (For a review of all pertinent studies, see Fischer, 2006). Based
on the available data, Pharming and its expert panel concluded that the
evidence for orally administered lactoferrin eliciting a positive CD4" Th1
biased response is not convincing. This is because most studies suggest a
change in Th1 cell activity based on alterations in cytokine levels, in
particular IFNy levels, but did not identify the cell-type responsible for the
cytokine production. As mentioned above, increased |IFNy production does
not specifically indicate increased Th1 cell activity. More likely, it indicates
enhanced NK cell activity. In addition, the information is not convincing
because some papers show potential Th1 responses (i.e., IFNy secretion)
within a few days. However, there is a critical time element involved in that it
takes weeks for Th1 and Th2 cells to become firmly polarized. (Murphy,
1996). Even in culture, where one can create an optimal environment, it
takes at least a week — and usually 2-3 weeks — to generate CD4" Th1 and
Th2 cells. (Perez, 1995).

Finally and not least importantly, even if — for sake of argument — oral
consumption of human lactoferrin were to enhance Th1 responses, that
would not necessarily be deleterious. First of all, there is nothing in the
direct evidence that demonstrates that lactoferrin given orally enhances any
pathologic Th1 responses’. On the contrary, there is evidence from a rat

colitis model and other rat and mouse studies that demonstrate that oral

18 Guillen (2002) did report increased severity of collagen-induced arthritis in transgenic mice expressing human
lactoferrin associated with an apparently enhanced Th1 response. However, this conclusion was based on cytokine
levels which, as argued elsewhere, do not automatically imply a Th1 response, and the continuous and chronic
systemic exposure in this model is quite different from the oral exposure envisaged in humans. In contrast to these
results, the same group earlier demonstrated that periarticular injection of hLF in mouse models of autoimmune
arthritis and septic arthritis demonstrated significant treatment benefits. (Guillen, 2000).
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consumption of lactoferrin inhibits a pathologic Th1 response via
upregulation of IL-10 and inhibition of IFN-y. (Zimecki, 2006; Takakura, 2006;
Togawa, 2002).

b. Release of specific cytokines

With respect to increased release of specific cytokines in the gut
and/or systemically following oral administration of lactoferrin, various animal
studies generally reported only local changes in the expression/production of
both Th1 (e.g., IFNy, IL-2) and Th2 (e.g.,IL-4, IL-10) cytokines. (Wang,
2000; Kuhara, 2000; ligo, 2004; Wakabayashi, 2006; Varadhachary, 2004).
In addition, various animal studies indicate that oral lactoferrin administration
might increase both local and systemic IL-18 levels. (ligo, 2004,
Wakabayashi, 2004; Kuhara, 2006; Hayes, 2005). Pharming’s expert panel
believes, however, that the effect of IL-18 will occur locally and not
systemically. Regarding the systemic levels of IL-18, oral administration of
lactoferrin at doses up to 9 gram per day in human adults with solid tumors
only resulted in a 15% increase of circulating IL-18, which is considered very
low. (Hayes, 2005). More importantly, in this study no serious adverse
events were reported and lactoferrin was well-tolerated by all subjects at a
dosage of 150 mg/kg/day — which is very significantly higher than the level of
maximum daily consumption that Pharming proposes in its GRAS
notification. In another study, a transient increase of IL-18 was observed in
serum of hepatitis C patients receiving lactoferrin at an oral dosage of 600
milligrams per day for 12 months. (Ishii, 2003). However, the data showed
large variation and the observed increase of IL-18 decreased again after 3
months to baseline levels. Taking all such information into account,

Pharming and its experts believe that to the extent cytokines are reported to
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be released upon oral administration of lactoferrin, such reports do not
indicate a consistent pattern of enhancement.

In conclusion, it is Pharming’s and its experts’ opinion that, based on
the available data, there is not convincing evidence that demonstrates to a
reasonable certainty that lactoferrin specifically enhances Th1 responses or
can significantly increase systemic cytokine levels over time. In contrast,
there is sufficient evidence that lactoferrin enhances innate immune
responses in the gut, e.g., by increasing IL-18 production'® (most likely
locally, not systemically) and by increasing NK cell activity, both of which are
considered beneficial rather than deleterious. Indeed, there is no direct
evidence that increasing innate function is in any way detrimental; rather,

such increased function is considered beneficial.

3. Effect of oral administration of lactoferrin on autoimmune

or other inflammatory disorders
a. Autoimmunity

T cell responses to antigens are classified on the basis of the amount
and kind of cytokines produced. Using this classification, T cell responses in
MHC-class-Il-restricted autoimmune diseases appear to be predominantly of
the Th1 type. (Rosloniec, 2002). Thus, Pharming understands CFSAN'’s
concern to be about whether oral administration of lactoferrin enhances Th1
responses and, thus, whether same could lead to the onset or enhancement

of autoimmune diseases. Although the mechanisms of autoimmunity are not

1% Lactoferrin has been shown to enhance IL-18 production by intestinal epithelial cells, thus enhancing the innate
immune response. Human intestinal epithelial cells have been shown to condition human dendritic cells along a non-
inflammatory Th2-like pathway, rather than towards Th1 responses. (Rimoldi, 2005).
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yet sufficiently understood, the concern of CFSAN is considered possible but
highly unlikely by experts consulted by Pharming. First (and, perhaps, most
importantly), there is a growing body of scientific evidence that indicates that
orally administered lactoferrin significantly inhibits and/or diminishes and/or
‘improves (rather than initiates or enhances) autoimmune diseases. (See,
e.g., Kruzel, 2006 (orally administered lactoferrin causes reduction of
clinical signs of multiple sclerosis in patients — in parallel to normalization of
cytokine production by peripheral blood cells); Zimecki, 2006 (orally
administered lactoferrin significantly diminished the clinical symptoms of
experimental autoimmune encephelomyelitis in Lewis rats); and Togawa,
2002 (oral administration of lactoferrin significantly reduced colitis in rats))®.
Second, it is very possible that Th1 cells are not even involved in
autoimmune diseases. Rather, such diseases may well be induced by the
‘recently discovered T-helper 17 subset. (Hue, 20086; Yen, 2006). Third, as
already discussed above, the evidence that orally administered lactoferrin
elicits a Th1 biased response or potentiates a pre-existing Th1-mediated
immune response is considered not well-established. Fourth, hLF is
naturally expressed in saliva and the gastro-intestinal tract; thus, humans
have a significant daily naturally-occurring ekposure to hLF?'. For instance,
the intake of lactoferrin from saliva alone is about 20 mg/day. (Tanida, 2003).
Consequently, humans are tolerant to hLF. Once oral tolerance has been
established, it is very hard to disrupt, even in patients with chronic

%0 See also, two other studies showing similar results, i.e., Guillen, 2000 (which study demonstrated that periarticular
injection of hLF in mouse models of autoimmune arthritis and septic arthritis demonstrated significant treatment
benefits) and Zimecki, 1995 (which study demonstrated that intraperitoneal injection of bLF in mice significantly
inhibited autoimmune hemolytic anemia).

#! Such daily, natural exposure also emanates from lactoferrin produced and released by or in, for example, mothers’
milk, neutrophils and various mucosa. Indeed, as Pharming’s GN indicates (at pages 26 and 28), human lactoferrin is
virtually ubiquitous throughout the human body.
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stimulation of the immune system. (Zivny, 2001). Moreover, the oral
administration of an autoantigen has been shown to be beneficial in the
treatment of various experimental, autoimmune diseases and this method of
inducing immune non-responsiveness has currently been applied to the
prevention and treatment of human autoimmune diseases. (See reviews by
Wardrop, 1999; and Sosroseno, 1995). Fifth, although there is extensive
reporting on the presence of autoantibodies against lactoferrin, there is no
evidence that these antibodies play any role in the pathology of autoimmune
diseases. There is a large body of scientific literature on antilactoferrin auto-
antibodies as a component of antineutrophil cytoplasmic antibodies (ANCA).
(See review by Malenica, 2004). In addition, individuals with a wide range of
autoimmune conditions have anti-lactoferrin autoantibodies. Despite this
large body of scientific literature on these antibodies, there is no evidence
showing them to have any role in the etiology. of autoimmune disease, and
there is a general consensus among qualified experts that they are an
epiphenomenon. Furthermore, all individuals possess low but detectable
amounts of circulating and mucosal human lactoferrin. Therefore, it is
considered highly unlikely that oral administration of human lactoferrin, even
to an individual with an ongoing autoimmune disease, would increase
autoantibody levels. Even if oral lactoferrin were to increase the level of such
antibodies, it would be clinically irrelevant, i.e., unlikely to have any impact
on disease pathogenesis.

Anti-lactoferrin autoantibodies have not been shown to be
involved in the pathogenesis of any disease. In contrast, there is data that
autoantibodies in general may help clear and degrade autoantigens, thus
reducing T cell sensitization to them. (Mizoguchi, 1997). It should also be
pointed out that there have been multiple trials in which autoantigens were
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fed to patients with autoimmune diseases to see if this might ameliorate the
disease. For example, these trials have fed human insulin to autoimmune
diabetics, collagen to rheumatoid arthritis patients, and myelin proteins to
patients with multiple sclerosis. These trials have not shown any consistent
benefit to the patients; however, there were no deleterious effects from
autoantigen feeding and this was done in substantial numbers of individuals.
(Faria, 2005). |

In conclusion, Pharming and its experts believe that it is highly unlikely
that oral consumption of Pharming’s lactoferrin at the Ievél here in question
would lead to the development or the perpetuation or enhancement of an

autoimmune response.
b. Inflammatory disorders

As discussed above, there is sufficient evidence that lactoferrin
enhances innate immune responses in the gut. It is CFSAN’s concern that
this may lead to promotion of inflammatory disorders in the gut. Pharming
understands this concern, particularly as it relates to inflammatory bowel
disease (IBD), a term which commonly incorporates ulcerative colitis (UC)
and Crohn’'s disease (CD). Both diseases are chronic inflammatory
conditions of the gut in which Crohn’s disease may affect any part of the
gastrointestinal tract, whereas UC mainly affects the colon. In IBD, there
appear to be multiple levels of immune résponses, including innate, adaptive
and regulatory immune responses. There is emerging literature that innate
immune defects can contribute to the development of IBD. (See, e.g.,
Beckwith, 2005; Hugot, 2001; Ogura, 2001). However, neither Pharming nor
its experts are aware of any scientific evidence that supports the idea that a
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low-level Th1 response or enhancement of the innate immune response,
even on a chronic basis, would be detrimental or trigger IBD. In contrast,
lactoferrin has been repeatedly shown to enhance the production of IL-18 by
intestinal epithelial cells (see Attachment 2), thereby increasing innate
immunity, which is considered beneficial rather than deleterious for
susceptible individuals. This beneficial enhancing of innate immunity has
been confirmed in a recent open label trial in patients with Crohn’s disease
who received granulocyte-macrophage colony-stimulating factor (GM-CSF).
(Dieckgraefe, 2002). GM-CSF is a cytokine involved in enhancement of the
qualitative function of various immune cells, and stimulates the expansion
and differentiation of haemopoetic progenetors. (Armitage, 1998). The
results showed an enhancement of the intestinal innate immune response
resulting in an amelioration of the disease.

Even with regard to individuals who have a “leaky” gut®, such as can
be found in inflammatory bowel disease, orally administered exogenous
lactoferrin is simply supplementing large endogenous production of
lactoferrin in alimentary secretions. There are low levels of antibodies to
various foods in intestinal secretions and serum, but there is no evidence
that these have any detrimental effect. There is also no evidence that
immunologic reactions to food have any adverse effect in inflammatory
bowel disease or that any foods exacerbate inflammatory bowel disease.

In contrast to the concern that orally administered lactoferrin may
impact negatively on inflammatory bowel disorders, there is a growing body
of scientific evidence — as Zimecki et al. point out — that demonstrates just
the opposite, i.e., that orally consumed lactoferrin exhibits “distinct anti-

inflammatory properties.” (Zimecki, 2006). Such conclusion — the authors

2 To the extent that the “leaky” gut concept exists — and such concept is not generally recognized — it generally refers
to the movement of molecules with a molecular weight of less than 1000 daltons.
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indicate — is supported by a growing number of studies incorporating a
number of models “including experimentally induced bowel inflammation in
rats (Togawa et al., 2002), autoimmune disorders in mice (Zimecki et al.,
1995; Guillen et al., 2000), experimental endotoxemia in mice (Kruzel et al.,
2002), and inflammatory reactions to Mycobacterium bovis (Zimecki et al.,
1994)." (Zimecki, 2006; see also Haverson, 2003 which reported on the
anti-inflammatory effects of hLF in an experimental colitis model in mice). In
all such models, lactoferrin exhibited significant anti-inflammatory properties.
Moreover, lactoferrin induces TGF-B production which is widely
considered an anti-inflammatory cytokine. (Zimecki, 2005; Ward, 2002).
Since TGF-B is an anti-inflammatory cytokine associated with the induction
of antigen-specific regulatory T cells and such cells produce TGF-8 or IL-10,
these cells can inhibit the induction of inflammatory responses. In particular,
these cytokines suppress IFN-y production and activity from activated Th1
cells. Lactoferrin can even exhibit strong anti-inflammatory effects in
dexamethasone-induced acute colitis in a mouse model. (Haverson, 2003).
In further contrast to suggesting that human lactoferrin — a substance
native to humans — might be responsible for either autoimmune or other
inflammatory disorders, there is a growing body of scientific evidence
showing that defects in innate immunity can lead to an abnormal adaptive
immune response, some of which are manifest by autoimmune disease. A
good example of this is the non-obese diabetic (NOD) mouse, which has
some well-defined defects in innate immune responses. Stimulation of the
NOD innate system by a variety of means blocks the development of the
autoreactive T cell response to islet cells and, thus, prevents diabetes. In
inflammatory bowel disease there is emerging literature that innate immune
defects can contribute to the development of IBD. (Korzenik, 2006). For
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example, a colitis susceptibility gene has been identified which appears to
function by regulating innate immunity. (Beckwith, 2005; Hugot, 2001;
Ogura, 2001). In addition (and as mentioned above), there is a trial in which
GM-CSF has been administered to patients with Crohn’s disease to enhance
their innate immunity and, thus, ameliorate their disease. (Diekgraefe,
2002). Thus, autoimmune or chronic inflammatory diseases are more likely
to result from deficient innate immune cytokine production or function.

Of course, there is no scientific evidence that suggests — let alone
demonstrates — that orally consumed human lactoferrin induces any
deficiency in any innate immune mechanism. In fact, orally consumed
human lactoferrin does just the opposite, i.e., it enhances innate immunity,

which is deemed benéeficial.
E. CFSAN'’s concern (its third bullet point):

The notice states that lactoferrin is known for its immunomodulatory
properties. However, the preclinical studies presented in the notice do not
address the immunomodulatory activities of lactoferrin. What preclinical
evidence supports the safety of exogenous lactoferrin for its intended use

given its activity as a biological response modifier of the immune system?
F. Pharming’s response:

Fortunately, there are numerous, published, preclinical studies and
other published information which are pertinent to and evaluate the potential
immunogenicity of lactoferrin. Most of the preclinical studies have already
been discussed above. Ordinarily, Pharming would review all such studies
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at this juncture; however, because almost all®® have been recently reviewed
by Fischer, 2006 (the review was published in June), it need not do so again
here. (However, all such studies are cited and summarized in Attachment 2.
Such attachment is intended as a part of Pharming’s response).

Fischer et al. reviewed 80 different studies and related publications
pertinent to lactoferrin’s potential immunoregulatory properties — especially
as they relate to lactoferrin’s ability to regulate Th1 and Th2 responses.
After discussing the findings of all such studies and information, Fischer et
al. concluded that lactoferrin does not induce any adverse, non-allergic
immune responses — via either the innate or adaptive immune defense
mechanisms. More specifically, the authors concluded that:

1. lactoferrin causes a Th1 polarization in diseases in which the
ability to control infection or tumor relies on a strong Th1
response;

2. lactoferrin also reduces the Th1 component to limit excessive
inflammatory response; and

3. lactoferrin provides protection against Th1- or Th2-induced
diseases, such as autoimmune or allergic diseases, through
correction of the Th1/Th2 imbalance.

Thus, consistent with Pharming’s and its experts’ assessment, Fischer et al.
also concluded that the available information indicates that oral consumption
of lactoferrin — even at levels exceeding the level of use here at issue —
results in only beneficial immunological effects.

Finally, since it is very difficult — despite numerous attempts — to find a

mucosal adjuvant among substances likely to be orally consumed, Pharming

3 There are a few preclinical studies on Pharming’s reference list which do not appear on the reference list attached to
the Fischer article. Since such studies supply only information like that already reviewed by Fischer, they do not alter
the scope of the substance discussed or the conclusions reached by Fischer, et al.
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and its experts believe that it is very unlikely that further preclinical testing of
Pharming’s lactoferrin at the daily level here at issue and even for longer
periods of exposure would result in any demonstration that Pharming’s
lactoferrin is able to induce — via oral consumption — any adverse

immunomodulatory effect.
G. CFSAN'’s concern (its fourth bullet point):

The primate and human studies of oral lactoferrin administration cited
in the notice are in small populations for relatively short periods of time.
Most of the studies with recombinant human lactoferrin focus on efficacy
rather than safety, and many of the human studies involve subjects with pre-
éxisting medical conditions. Where safety endpoints are included, they do
not appear relevant to the effects of lactoferrin as a biological response
modifier of the immune system. Is there clinical evidence that supports the
immunological safety of long-term exogenous lactoferrin administration at
the proposed use level in the general population?

H. Pharming’s response:

To date, no clinical studies have been performed in healthy volunteers
in whom the long-term safety of exogenous applied lactoferrin has been
investigated. The primary reason for this is that there is general consensus
among experts that hLF has been shown to be so safe — via natural
exposures — and at such high doses that no additional safety evaluation is >
necessary. However, there are a few clinical studies that have investigated

the immunological consequences of long term oral administration of
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lactoferrin in diseased adults. In one study, 36 patients with chronic hepatitis
C and orally administered bLF (600 mg/day for 12 months) showed a
transient increase in serum IL-18 levels (pg/ml range) that peaked after 3
months and gradually returned to base-line. (lIshii, 2003). The authors
concluded that the effect of bLF administration was limited to 3 months
which suggest that prolonged administration results in adaptation. During
this study lactoferrin was co-administered with active (live) Bifidobacterium
longum. These bacteria are known to be potent immunorﬁodulatory
“probiotic” bacteria, which makes it impossible in this study design to
distinguish the effects of lactoferrin, if any, from those of the bifidobacteria. Ih
another study, 199 subjects were evaluated for safety and efficacy in a
randomized, double-blind, placebo-controlled trial using bovine lactoferrin
fed orally (1.8 gram/day for 12 weeks) to chronic hepatitis C patients. The
authors concluded that bLF treatment was well-tolerated and no serious
toxicities were observed. (Ueno, 2006).

Taken} together, based on these data and the fact that exogenous
administration of lactoferrin would supplement an already substantial amount
of endogenous lactoferrin, it is Pharming’s and its experts’ opinion that it is
extremely unlikely that long-term, exogenous lactoferrin administration (at
the level here in question) would be detrimental when consumed by either

the general population or by individuals with pre-existing conditions. -
I. CFSAN'’s concern (its fifth bullet point):

The notice provides an acceptable daily intake (ADI) based on the
maximal consumption of lactoferrin in human milk by infants. The infant

immune system and gut are different from that of the adult, for example in
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the infant bias towards Th2 responses relative to Th1. Given this, what
evidence supports the use of exposure data derived from infants in setting
an ADI for adults that takes into account lactoferrin's activity as a biological
response modifier of the immune system?

J. Pharming’s response:

The infant immune system and gut are, indeed, different from those of
an adult - in both instances the infant system is less mature than that of the
adult. Both situations should result in an infant being significantly more — not
less — vulnerable to the deleterious effects of orally consumed substances
than adults who are able to tolerate significantly more. Indeed, infants
tolerate very large quantities of bLF with no problem. With regard to those
adults who are deemed “predisposed” or “susceptible”, please see the
discussions set forth above in Sections Il B and D.

The notice actually provides not one but various approaches to
determine, based on safety parameters, the maximum daily exposure of
human lactoferrin that is safe for oral consumption, one of which is indeed
based on the maximal consumption of natural lactoferrin in human milk
calculated for infants. (GRN000189 subsection V(A)(3)). Other approaches
are based on preclinical studies, mainly in rats and rhesus monkeys, and
clinical studies in both infants and adults with natural or recombinant human
lactoferrin. (See subsections V(A)(6), V(H)(1)(b)(1-3), V(H)(2)(a-b)).

The maximum acceptable daily oral exposure of humans to human
lactoferrin found in the evaluation of available data was obtained from infants

— which consumption level was equivalent to, at least, 266 mg (and perhaps
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as high as 3077) hLF/kg/day which was based on a daily consumption of at
least 2 gram hLF.

In this respect, it should be noted that such values have also been
obtained for adults, as the highest oral consumption of hLF given to adults
was 250 mg hLF/kg/day which corresponded to an oral dosage of 15 gram
hLF. (Andersen, 2004). In animals, even higher oral dosages of hLF were
tested; the highest dose evaluated and considered safe was 6000
mg/kg/day. (See, section V(H)(1)(b)(1)).

More importantly, the oral safety of Pharmings hLF, as proposed for
use as an ingredient in sports and functional foods at 100 mg per product
serving, is based on the NOAEL of 2000 mg of Pharming’s hLF per kg BW
as described in section V(I)(2). Based on this NOAEL, all estimated daily
intakes (see section GRNO000189 V(1)(2)) are all well under 1/100th of the
NOAEL - even at the 90" percentile consumption level. Accordingly, the
consumption levels should not pose any safety risk to any consumer. In
addition, the safety level is fully supported by the safety levels emanating
from the natural exposure to native hLF and from the preclinical and clinical
studies of various hLF products (as discussed in subsections V(H)(1)(b)(3)
and V(H)(2)(b)), which include both adults and infants.

K. CFSAN’s concern (its sixth bullet point):

The notice provides an assessment of the potential allergenicity of
Pharming’s lactoferrin and states that there is no evidence to date that anti-
lactoferrin antibodies are associated with autoimmune pathology. Other than
this statement, the notice does not address the potential for adverse non-
allergic responses to Pharming’s lactoferrin by the adaptive immune system
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as described above. To what extent has Pharming evaluated this risk, and

what evidence was used in the evaluation?
L. Pharming’s response:

The extent to which Pharming has considered and evaluated the risk, if
any, that oral consumption of Pharming’s lactoferrin — at the level proposed
in its GN — might induce some adverse response by the adaptive immune
system has been thoroughly discussed in the preceding responses to bullet
points numbers 1-5. Such responses indicate that any such risk is, at worst,
very unlikely, and at best, practically non-existent.

lll. Conclusion

Pharming and its experts are of the opinion that when all of the
pertinent, direct, scientific evidence is considered as a whole — and as
specifically discussed above in this response and in Attachments 1 and2 —a
fair evaluation of such evidence demonstrates to a reasonable certainty that
Pharming’s exogenous lactoferrin will not induce any adverse, non-allergic
response by the adaptive immune system. This discussion and conclusion —
when combined with the information in Pharming’s GN — demonstrate to a
reasonable certainty, Pharming and its experts believe, that Pharming’s
human lactoferrin product is not deleterious and generally recognized as

safe for human consumption by all individuals at 100 mg per product serving.
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IV. Expert Panel’s Statement

We, the undersigned, are the qualified experts asked by Pharming to
participate in responding to CFSAN'’s concerns (as set forth in its May 17,
2006 email to Charles L. Morin, Pharming’s regulatory counsel). Copies of
our curriculum vitae are attached.

In response to Pharming'’s request, we (among other things):

1. agree to participate as qualified experts;

2. assisted in identifying pertinent information, especially

direct scientific evidence;

3. reviewed much of such information;

4. reviewed Pharming’'s GRAS notification;

5. provided initial assessments of CFSAN'’s concerns;

6. responded to numerous written and oral questions presented

~ by Pharming;

7. reviewed and commented on non-final drafts of Pharming’s

response to CFSAN; and

8. reviewed and accepted Pharming’s final draft of its response

to CFSAN.
Accordingly, that which is in the response as received by CFSAN amounts to
not only Pharming'’s response, but also our expert view.

More specifically, we believe, in summary:

1. that with regard to the amino acid sequence of Pharming's
exogenous lactoferrin there is no scientific evidence whatsoever
that an individual producing one of the above-referenced

endogenous lactoferrins reacts — immunologically speaking —

|
|
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differently when exposed to any one of the other above-
referenced endogenous lactoferrins; consequently, since
Pharming’s human lactoferrin only duplicates endogenous
lactoferrin (i.e., falls within the range of variation that can be
found in a normal population), we believe that a reasonable,
' qualified expert would also expect such exogenous lactoferrin
not to induce any adverse, immunological event and we believe

that there is virtually no risk that it will;

2. that with regard to the specific glycosylation pattern (including
any attached oligomannose glycans) of Pharming’s exogenous
lactoferrin there is no demonstrated reason to believe that such
pattern of glycans — either individually or collectively — would
induce any adverse immunological event and we think it very

unlikely that it would;

3. that with regard to previous tolerance being disrupted via
determinant spreading from alloepitopes we are not aware of any
evidence showing that a mere difference in glycosylation would
alter epitope spreading or that oral tolerance can be disrupted by
the introduction of a differently glycosylated version of the same, -
native protein; therefore, we believe it is very unlikely that

Pharming’s lactoferrin could or would induce such an event;

4. that with regard to previous tolerance being disrupted via
enhanced pro-inflammatory Th1 responses there is nothing in
the direct evidence that demonstrates that lactoferrin given orally
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— especially at the fairly small level here in question, i.e., 100
mg/product serving — enhances any pathologic Th1 responses

and we believe it very unlikely that it could or would;

5. that it is very unlikely that consumption of Pharming's
lactoferrin would result in perturbation of intestinal barrier

function;

6. that with regard to previous tolerance being disrupted via
increased uptake by antigen-presenting cells via the mannose
receptor we are not aware of any direct evidence demonstrating
that differential glycosylation alters antigen uptake and
potentiates immune reactivity for native proteins; thus, we
believe the risk of disruption of previous tolerance to endogenous
lactoferrin via any increased uptake of Pharming’s lactoferrin by

APCs via the mannose receptor to be remote;

7. that it is highly unlikely that oral consumption of Pharming's
lactoferrin at the level here in question would lead to the
development or the perturbation or enhancement of an
autoimmune response — either in the general population or in
one predisposed to inflammatory disorders;

8. that there is no scientific evidence that immunologic reactions
to food have any adverse effect on inflammatory bowel disease
or that any foods exacerbate inflammatory bowel disease; thus,

we think it very unlikely that oral consumption of Pharming’'s
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lactoferrin at the level here in question could or would lead to the
development, perturbation or enhancement of any inflammatory

disorder;

9. that there is no scientific evidence that suggests — let alone
demonstrates — that orally consumed human lactoferrin induces
any deficiency in any innate immune mechanism; in fact, orally
consumed human lactoferrin does just the opposite, i.e., it

enhances innate immunity, which we deem beneficial;

10. that to the extent oral consumption of lactoferrin at the level
here at issue might induce local production of cytokines we
believe such production would result in beneficial — not adverse —

effects;

11. that the available scientific evidence indicates that oral
consumption of lactoferrin — even at levels exceeding the level
here at issue (i.e., 100 mg/serving) — results in only beneficial

immunological events;

12. that it is very unlikely that further preclinical testing of
Pharming’s lactoferrin would result in any demonstration that
Pharming’s lactoferrin is able to induce — via oral consumption
(especially at the level here at issue) — any adverse

immunomodulatory effect; and
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13. that it is extremely unlikely that long-term, exogenous

lactoferrin consumption (at the level here in question) would be

detrimental when consumed by either the general population or

by individuals with pre-existing conditions.

Accordingly, we are of the opinion that when all of the pertinent, direct,

scientific evidence is considered as a whole, a fair evaluation of it

demonstrates to a reasonable certainty that Pharming’s exogenous

lactoferrin will not induce any adverse, non-allergic response by the adaptive

immune system and — when combined with the information in Pharming's

GN - demonstrates to a reasonable certainty that Pharming's product is not

deleterious and is generally recognized as safe for human consumption at
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Background Information’
Concerning
The adaptive immune system
and
Th1 and Th2 cells

The human immune system is comprised of a collection of
specific cells, tissues, and molecules that mediate protection against
— under normal conditions — entities (such as pathogens) deemed to
be foreign, i.e., hon-self. The immune response is the coordinated
reaction of the above-referenced cells and molecules to such foreign
entities.

To the extent that one is focusing — as here — on that part of the
immune system that responds to and protects against foreign entities
that enter the body through mucosal surfaces — such as those found
in the gastrointestinal tract, i.e., the gut — one is focusing on the
mucosal immune system. This system is comprised of collections of
lymphocytes® and antigen-presenting cells® in the epithelia® and

! Such information — over 6 pages of it — is not set forth with numerous quotes because almost all of it
comes from two, authoritative, sources, i.e., two widely-respected and widely-used medical school
textbooks by two widely-respected immunologists — specifically, that by Abbas, Abul K. (at UCSF Medical
School) and Lichtman, Andrew H. (at Harvard Medical School) entitled: Basic Immunology: Functions and
Disorders of the Immune System, Second Edition, Saunders Elsevier (Phil, PA) (2005) and that by Abbas,
Abul K. (at UCSF Medical School) and Lichtman, Andrew H. (at Harvard Medical School) entitled:
Cellular and Molecular Immunology, Fifth Edition, Saunders Elsevier (Phil, PA) (2005). These sources
were used because they are widely respected and represent the consensus, established viewpoint of
qualified experts. The authors are to be credited for the information presented — including that appearing in
the footnotes.

ZA lymphocyte is a cell type found in the blood, lymphoid tissues, and virtually all organs, that expresses
receptors for antigens and mediates immune responses. Lymphocytes include B and T cells (the cells of
adaptive immunity) and natural killer (NK) cells (the mediators of some innate immune responses).

3 An antigen-presenting cell (APC) is a specialized cell that displays peptide fragments of protein

antigens, in association with major histocompatibility (MHC) molecules on its surface, and activates
antigen-specific T cells. In addition to displaying peptide-MHC complexes, APCs must also express
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lamina propria® of mucosal surfaces. It includes intra-epithelial
lymphocytes — mainly T cells’ — and organized collections of
lymphocytes — often rich in B cells” — below mucosal epithelia.

Host defense mechanisms consist of “innate immunity” and
“adaptive immunity”. Innate immunity (a pre-existing or native
immunity) mediates the initial protection against infectious, foreign
entities (but not noninfectious foreign entities) and relies on
mechanisms that exist before infection. These mechanisms are
capable of rapid responses and react in essentially the same way to
repeat infections. The innate immune system includes — as its first
line of defense against invading microbes — epithelial barriers,
specialized cells and natural antibiotics present in epithelia and —
when a microbe does breach epithelia and enter either a tissue or the

circulation — phagocytes® (including neutrophils® and macrophages'?),

costimulatory molecules to optimally activate T [ymphocytes. Located in the epithelium, APCs serve to
capture antigens and transport them to peripheral lymphoid tissues —~ such as regional lymph nodes.

* The epithelia are the coverings of the internal and external surfaces of the human body. They consist of
cells joined by small amounts of cementing substances. Epithelium is classified into types on the basis of
the number of layers deep it is and the shape of the superficial cells comprising each layer.

% The lamina propria is the connective tissue coat of a given membrane just deep to the epithelium and
basement membrane.

8 T cells are the cell type that mediates cell-mediated immune responses in the adaptive immune system. T
lymphocytes mature in the thymus, circulate in the blood, populate secondary lymphoid tissues, and are
recruited to peripheral sites of antigen exposure. They express antigen receptors (T cell receptors) that
recognize peptide fragments of foreign proteins bound to self major histocompatibility complex molecules.
Functional subsets of T lymphocytes include CD4" helper T cells and CD8" cytolytic T lymphocytes.

" B celis are the only cell type capable of producing antibody molecules and, therefore, the central cellular
component of humoral immune responses. B lymphocytes, or B cells, develop in the bone marrow, and
mature B cells are found mainly in lymphoid follicles in secondary lymphoid tissues, in bone marrow, and
in low numbers in the circulation.

# Phagocytic cells are responsible for ingesting and destroying foreign matter such as microorganisms or
debris via a process known as phagocytosis, a process analogous to cellular digestion, usually using
lysosomes (a membrane-bound, acidic organelle abundant in phagocytic cells which contains proteolytic
enzymes that degrade proteins derived mainly from the extracellular environment and which is involved in
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NK cells", several plasma proteins (including those made by the
complement system'?), and cytokines™ (largely made by
mononuclear phagocytes') that regulate and coordinate many of the
activities of the cells of innate immunity. Different mechanisms of
innate immunity may be specific for molecules produced by different

classes of microbes. Finally, in addition to providing early defense

the class 11 major histocompatibility complex (MHC) pathway of antigen processing) which carry potent
enzymes that digests cell components such as other lipids or proteins. Phagocytes are extremely useful as
an initial immune system response to tissue damage.

® A neutrophil is the most abundant circulating white blood cell, also called a polymorphonuclear
leukocyte (PMN), which is recrnited to inflammatory sites and is capable of phagocytosing and
enzymatically digesting microbes.

' A macrophage is a tissue-based phagocytic cell derived from blood monocytes, which plays important
roles in innate and adaptive immune responses. Macrophages are activated by microbial products, such as
endotoxin, by molecules such as CD40 ligand, and by T cell cytokines such as interferon-y Activated
macrophages phagocytose and kill microorganisms, secrete proinflammatory cytokines, and present
antigens to helper T cells. Macrophages may assume different morphologic forms in different tissues,
including the microglia of the central nervous system, Kupffer cells in the liver, alveolar macrophages in
the lung, and osteoclasts in bone.

" A natural killer (NK) eell is a subset of bone marrow-derived lymphocytes, distinct from B and T cells,
that function in innate immune responses to kill microbe-infected cells and to activate phagocytes by
secreting interferon-y. NK cells do not express clonally distributed antigen receptors like immunoglobulin
or T cell receptors, and their activation is regulated by a combination of cell surface stimulatory and
inhibitory receptors, the latter recognizing self MHC molecules.

"2 The complement system is a system of serum and cell surface proteins that interact with one another
and other molecules of the immune system to generate important effectors of innate and adaptive immune
responses. There are three pathways of complement activation that differ in how they are initiated. The
classical pathway is activated by antigen-antibody complexes, the alternative pathway by microbial
surfaces, and the lectin pathway by plasma lectins that bind to microbes. Each complement pathway
consists of a cascade of proteolytic enzymes that generate inflammatory mediators and opsonins and leads
to the formation of a lytic complex that inserts in cell membranes.

'3 Cytokines are secreted proteins that function as mediators of immune and inflammatory reactions. In
innate immune responses, cytokines are produced by macrophages and NK cells and, in adaptive immune
responses, mainly by T lymphocytes.

* A mononuclear phagocyte is a cell with a common bone marrow lineage whose primary function is
phagocytosis. These cells function as antigen-presenting cells in the recognition and activation phases of
adaptive immune responses and as effector cells in innate and adaptive immunity. Mononuclear phagocytes
circulate in the blood in an incompletely differentiated form called monocytes, and once they settle in
tissues they mature into cells called macrophages.
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against infection, innate immune responses enhance adaptive
immune responses against infectious agents.

In contrast, adaptive immunity (also called acquired immunity)
develops more slowly than innate immunity and mediates the later —
even more effective — defense against foreign entities. When such
entities actually invade tissues (i.e., pass through epithelial barriers),
such invasion stimulates adaptive immunity — which, of course,
adapts to the presence of any invading, foreign entity. This form of
immunity is mediated by lymphocytes' and their products, such as
antibodies. In contrast to innate immunity, adaptive immunity is
characterized by exquisite specificity for distinct macromolecules
(including those that are non-infectious) and “memory,” which is the
ability to respond more vigorously to repeated exposures to the same
microbe. Whereas the mechanisms of innate immunity recognize
structures shared by classes of microbes, the cells of adaptive
immunity, namely lymphocytes, express receptors that specifically
recognize different substances produced by microbes as well as non-
infectious molecules. These substances are called antigens.’
Adaptive immune responses are only triggered if microbes or their
antigens pass through epithelial barriers and are delivered to

lymphoid organs where they can be recognized by lymphocytes.

!5 These lymphocytes, i.e., T cells and B cells, originate in the tissues of the immune system referred to
above. These tissues consist of the generative (or “primary” or “central”) lymphoid organs, i.c., the bone
marrow and the thymus, in which T and B lymphocytes mature and become competent to respond to
antigens, and the peripheral (or “secondary”) lymphoid tissues, i.e., the lymph nodes, the spleen, and the
mucosal and cutaneous immune systems, in which adaptive immune responses are initiated.

'® An antigen is 2 molecule that binds to an antibody or a T cell antigen receptor (TCR). Antigens that bind
to antibodies inctude all classes of molecules. TCRs only bind peptide fragments of proteins complexed
with major histocompatibility molecules; both the peptide ligand and the native protein from which it is
derived are called T cell antigens.
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Adaptive immune responses generate mechanisms that are
specialized to combat different types of infections. For example,
antibodies function to eliminate microbes in extra-cellular fluids, and
activated T lymphocytes eliminate microbes living inside cells.
Adaptive immune responses often use the cells and molecules of the
innate immune system to eliminate microbes, and adaptive immunity
functions to greatly enhance the antimicrobial mechanisms of innate
immunity. For instance, antibodies (a component of adaptive
immunity) bind to microbes, and these coated microbes avidly bind to
and activate phagocytes (a component of innate immunity), which
ingest and destroy the microbes. By convention the terms “immune
system” and “immune response” usually refer to adaptive immunity.
There are two types of adaptive immunity, called “humoral
immunity” and “cell-mediated immunity”, that are mediated by
different cells and molecules and are designed to provide defense
against  extracellular microbes and intracellular microbes,
respectively. Humoral immunity is mediated by proteins called
antibodies'’, which are produced by cells called B lymphocytes.
Antibodies are secreted into the circulation and mucosal fluids, and
they neutralize and eliminate microbes and microbial toxins that are
present in the blood and in the lumens of mucosal organs, such as

the gastrointestinal tract. One of the most important functions of

' An antibody is a type of glycoprotein molecule, also called immunoglobin (Ig), produced by B
lymphocytes, that binds antigens, often with a high degree of specificity and high affinity. The basic
structural unit of an antibody is composed of two identical heavy chains and two identical light chains.
Amino-terminal variable regions of the heavy and light chains form the antigen binding sites, whereas the
carboxy-terminal constant regions of the heavy chains functionally interact with other molecules in the
immune system. In any individual, there are millions of different antibodies, each with a unique antigen-
binding site. Secreted antibodies perform various effector functions, including neutralizing antigens,
activating complement, and promoting phagocytosis and destruction of microbes.
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antibodies is to stop microbes that are present at mucosal surfaces
and in the blood from gaining access to and colonizing host celis and
connective tissues. In this way, antibodies prevent infections from
ever getting established. Antibodies do not have access to microbes
that live and divide inside infected cells. Defense against such
intracellular microbes is called cell-mediated immunity because it is
mediated by T lymphocytes (or T cells). Some T lymphocytes
activate phagocytes to destroy microbes that have been ingested by
the phagocytes into phagocytic vesicles. Other T lymphocytes kill
any type of host cells that are harboring infectious microbes in the
cytop]asm. The antibodies produced by B lymphocytes are designed
to specifically recognize extracellular microbial antigens, whereas T
lymphocytes recognize antigens produced by intracellular microbes
and presented on the cell surface by MHC proteins. Another
important difference between B and T lymphocytes is that most T
cells recognize only these microbially-derived, protein antigens,
whereas antibodies are able to recognize many different types of
microbial molecules, including proteins, carbohydrates, and lipids.
With regard to the above-referenced helper T cells'®, they are
the functional subset of T lymphocytes whose main effector functions
are to activate macrophages in cell-mediated immune responses and
promote B cell antibody production in humoral immune responses.
These effector functions are mediated by secreted cytokines and by T
cell CD40 ligand binding to macrophage or B cell CD40. Most helper

T cells express the CD4 molecule.

18 CD4* T cells are called helper T cells because they help B lymphocytes to produce antibodies and help
phagocytes to destroy microbes.
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Finally, two functional subsets of helper T cells are of key
importance to CFSAN's concerns and Pharming's response. The
first, TH1 cells, secrete a particular set of cytokines (discussed in
subsection Il D 2) and principally function to stimulate phagocyte-
mediated defense against infections, especially with intracellular
microbes. The second, TH2 cells, secrete a particular set of
cytokines (discussed in subsection Il D 2) and principally function to
stimulate IgE and eosinophil/mast cell-medicated immune reactions

and to down-regulate Th1 responses.
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Preclinical And Clinical Studies
Concerning
Oral Administration Of Lactoferrin
Which Are Pertinent
To The Concerns Raised By CFSAN
Concerning Pharming’s GRAS Notification

Artym, J., Zimecki, M., Paprocka, M., and Kruzel, M.L. Orally
administered lactoferrin restores humoral immune response in
immunocompromised mice. Immunol Lett. 89, 9 (2003).

Artym et al. reported that in cyclophosphamide
immunocompromised mice (specifically with inhibited humoral
immune responses) oral administration of bLF (at 0.5 percent of
drinking water for five weeks) was shown to restore the humoral
response, as measured by elevated T (including CD4" T cells)
and B cells, macrophage content, and the proliferative
response of splenocytes.

Haversen, L. A., Baltzer, L., Dolphin, G., Hanson, L. A., and Mattsby-
Baltzer, . Anti-inflammatory activities of human lactoferrin in acute
dextran sulphate-induced colitis in mice. Scand. J. Immunol. 57, 2
(2003).

Haversen et al. investigated the anti-inflammatory effects
of orally administered human lactoferrin in the course of
experimental colitis induced in mice by giving five percent
dextran sulfate in the drinking water. Mice were given hLF
twice a day at a dose of 2 mg until the end of the experiment,
i.e., the Killing of the mice after 2 or 7 days of DX exposure.
The findings reported by the authors were as follows:

1. significantly delayed and partly reduced appearance
of occult blood in the stool and macroscopic rectal
bleeding;
significantly less pronounced shortening of the colon;
significantly diminished IL-1B levels in the blood;

a significantly lower crypt score pertinent to the distal
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part of the colon;

5. significantly reduced numbers of CD4 cells, F4/AD
positive macrophages and TNF-a-producing cells
(detected via immunohistochemistry) in the distal
colon; and

6. a reduction of IL-10 producing cells in the middle
colonic submucosa.

Based on these findings, the authors concluded that hLF has
significant anti-inflammatory effects in the colon.

Hayes, T.G., Faichook, G.F., Varadhachary, G.R., Smith, D.P., Davis,
L.D., Dhingra, H.M, Hayes, B.P., and Varadhachary, A. Phase 1 trial
of oral lactoferrin alpha in refractory solid tumors. Invest New Drugs
(2005).

Hayes et al. investigated the immunomodulatory effect of
rhLF in ten patients with progressive advanced solid tumors
who had failed conventional chemotherapy. The patients were
orally administered rhLF in doses ranging from 1.5 to 9.0 grams
per day (i.e., approximately 25-150 mg/kg/day), using a 2
weeks on, 2 weeks off schedule. Foliowing such
administration, significant levels of rhLF were not detected in
circulation; however, a “small” i.e., 15 percent, but statistically
significant, increase in circulating IL-18 was observed. Such
increase was not dose dependent and “far smaller” than the
increase in intestinal 1L-18. The authors indicated that these
concentrations are consistent with other studies showing much
lower levels of circulating 1L-18 levels as compared to the
increase in levels of intestinal 1L-18.

This study contains no data indicating any effect on Th1
cells.

ligo, M., Shimamura, M., Matsuda, E., Fujita, K., Nomoto, H., Satoh,
J., Kojima, S., Alexander, D.B., Moore, M.A., and Tsuda, H. Orally
administered bovine lactoferrin induces caspase-1 and interleukin-18
in the mouse intestinal mucosa: a possible explanation for inhibition
of carcinogenesis and metastasis. Cytokine 25, 36 (2004).
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ligo et al. studied the effects of orally administered bLF to
mice — either as a single dose (300 mg/kg) or as the same
single dose for seven consecutive days. The authors
concluded that bLF:
1. “markedly elevated” IL-18 levels in the small intestine;
2. “significantly increased” caspase-1 activity and IFN-y
in the small intestine (but not IFN-y in serum); and
3. "markedly enhanced” response caspase-1 activity and
IL-18 levels in peritoneal macrophages.
However, the authors did not identify the source of the IFN-y.
Finally, the authors indicated that bLF’'s effects seemed to be
confined to the intestinal mucosa.

Ishii, K., Takamura, N., Shinohara, M., Wakui, N., Shin, H., Sumino,
Y., Ohmoto, Y., Teraguchi, S., and Yamauchi, K. Long-term follow-up
of chronic hepatitis C patients treated with oral lactoferrin for 12
months. Hepatol Res. 25, 226 (2003).

Ishii et al. reported in a fairly recent, “long term” study in
36 patients with chronic hepatitis C that orally administered bLF
(600 mg/day for 12 months) showed a rapid, significant
increase in serum |L-18 levels (in the pg/ml range) that peaked
after 3 months and gradually returned to base-line (even though
significant oral administration of bLF continued for another 9
months). No such effect occurred in the control group. No
significant increases in IL-10 levels were observed. Also, the
number of Th1 cells in the peripheral blood increased, although
not significantly, and returned to baseline after 3 months.

Kruzel, M.L., Artym, J., Chodaczek, G., Kocieba, M., Kochanowska,
[., Kruzel, T. and Zimecki, M. Effects of lactoferrin on stress-related
immune dysfunction in mice and humans. Proceedings of the 4"
International Whey Conference, Chicago, pp. 121-132 (2006).

Kruzel et al. (the same group otherwise known as Zimecki
et al.) investigated the effects of orally administered bovine
lactoferrin (bLF) on the cellular and humoral immune responses
in mice subjected to immobilization stress (I1S). Here, the
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authors demonstrated that long-term IS (5 d) induced significant
suppression of cellular and humoral immune responses in CBA
mice. This suppression was attenuated by bLF administered to
mice in drinking water as determined by antibody-forming cells
and delayed-type hypersensitivity (DTH). Conversely, bLF
lowered elevated DTH responses in mice exposed to short-term
IS (5 h only) on the day of elicitation of the DTH reaction. To
evaluate the effect of bLF on stress-related autoimmune
disorders, the production of selected cytokines in multiple
sclerosis (MS) patients was evaluated. Treatment of MS
patients (n = 6) with bLF (50 mg/d) administered orally for 7
consecutive days resuited in a significant increase in inducible
interleukin 10 production by leukocyte cultures stimulated with
lipopolysaccharide and phytohemagglutinin compared with
reduced responses in placebo-treated control patients with
fatigue syndrome. Conversely, interferon gamma production
was reduced 4-fold in MS patients with minor changes in the
placebo group. Together, these findings, the authors indicated,
revealed that the medical benefit of bLF in stress-related and
autoimmune disorders may be in part due to differential
regulation of interleukin 10 and interferon gamma production.

Kuhara, T., Yamauchi, K., Tamura, Y., and Okamura, H. Oral
administration of lactoferrin increases NK cell activity in mice via
increased production of IL-18 and type | IFN in the small intestine. J
Interferon Cytokine Res 26, 489 (2006).

Kuhara et al. investigated the immunomodulatory effects
of bLF (suspended in saline) orally administered (via a gastric
tube) to mice for 7 days at a dose of 30, 100, 300, or 1000
mg/kg body weight/day. The findings reported by the authors
included:

1. a significant increase (in a dose-dependent
manner) in the percentage of leukocytes that
were NK cells in both peripheral blood and
the spleen;
enhanced IFN-y production by NK cells;
increased NK cell migration (after using
intraperitoneal injection of poly (I:C) to in-
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duce NK cell trafficking into the peritoneum):
4. an increase of IL-18 in the portal circulation; and
S. increased expression of IFN-a and IFN-B in
Payer’s patches and mesenteric lymph nodes.
The authors also reported that bLF — in IL-18 knockout mice —
did not increase the numbers of NK cells, although NK cell
cytotoxic activity and poly(I:C)-induced trafficking activity were
enhanced. Collectively, these results — the authors concluded
— demonstrate that “orally administered bLF stimulates
intestine-associated immune functions.”

Kuhara, T., ligo, M., Itoh, T., Ushida, Y., Sekine, K., Terada, N.,
Okamura, H., and Tstuda, H. Orally administered lactoferrin exerts
an antimestastic effect and enhances production of IL-18 in the
intestinal epithelium. Nutr. Cancer 38, 192 (2000).

Kuhara et al. studied the effects of orally administered
bLF to mice (in a tumor metastasis model) at doses of 100 or
300 mg/kg/day for seven consecutive days. The authors
reported finding:

1. “augmented” CD4", CD8", and asialoGM1"* cells
in the spleen and peripheral blood;

2. “markedly increased” CD4" and CD8" cells in
the small intestine epithelium;

3. “enhanced production” of IL-18 in the intestinal
epithelial cells; and

4. “significantly augmented” NK activity.

Administration of bLF did not increase serum levels of
bLF; thus, the authors indicated that bLF probably has its effect
in the gastrointestinal tract. The authors also concluded that
bLF did not have any “direct effects” in the study. Finally, the
authors indicated that bLF may enhance “mucosal immunity”.

This study did not measure any Th1 responses.

Nakajima, M., lIwamoto, H., Shirasawa, T., Miyauchi, H., Takatsu, Z.,
Yamazaki, N., Teraguchi, S., and Hayasawa, H. Oral administration
of lactoferrin enhances the productions of IFN-y and IL-10 in spleen
cells cultured with concanavalin A or lipopolysaccharide. Biomed.
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Res., 20, 27 (1999).

Nakajima et al. investigated the effects of orally
administered bovine lactoferrin (bLF) on cytokine productions
of spleen cells. Spleen cells from BALB/c mice (female only)
were cultured with concanavalin A 1 to 4 days after the oral
administration of bLF (at 3 mg/mouse). Concentrations of IFN-y
in the supernatants were enhanced by bLF feeding, while those
of IL-4 were not. In contrast to bLF, an oral administration of B-
lactoglobulin or pepsin hydrolysate of bLF failed to show the
enhancement. When stimulated by anti-CD3 antibody, IFN-y
production by CD4+ T cells fractionated from spleen cells was
augmented by the oral administration of bLF. On the other
hand, in response to lipopolysaccharide (LPS), spleen cells
from the mice fed bLF secreted enhanced levels of IL-10 — “|L-
10 being known to be an immuno-suppressive cytokine
secreted by Th2 cells or monocytes which inhibits other
cytokine productions such as IFN-y, IL-2, TNF-qa, IL-1 and IL-8,
and suppresses the antigen-presenting capacity of monocytes
through down-regulation of class || molecules”. Levels of IFN-y
secretion from the spleen cells were not affected. While 1L-10
production in response to LPS by CD11c+ cells from spleen
cells was promoted by bLF feeding, the cytokine secretion from
CD11b+ cells was not affected.

Sfeir, R.M., Dubarry, M., Boyaka, P.N., Rautureau, M., and Tome, D.
The Mode of Oral Bovine Lactoferrin Administration Influences
Mucosal and Systemic Immune Responses in Mice. J. Nutr. 134,
403 (2004).

Sfier et al. reported that oral administration (i.e., via

gastric intubation, single buccal doses, or continuous doses of

bLF in the diet, but not via addition of bLF to the drinking water)

of bLF (100 mg/day for 4 weeks) to mice resulted in a biased

mucosal and systemic T-cell response towards a Th2 response.

In contrast, the “less natural gastric intubation” also promoted

Th1-type responses. K
Unfortunately, all that was measured in this study — with

regard to Th1- and Th2-type cytokines — were the cytokines
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themselves in spleen cells. The CD4" T cells were not isolated
and studied separately; thus, one cannot conclude from the
information provided by this study whether — in fact — there
were either CD4" Th1 and/or CD4" Th2 responses generated.

Takakura, N., Wakabayashi, H. Yamauchi, K. and Takase, M.
Influences of orally administered lactoferrin on IFN-y and IL-10
production by intestinal intraepithelial lymphocytes and mesenteric
lymph-node cells. Biochem. Cell Biol. 84, 363 (2006).

Takakura et al. investigated the influences of orally
administered bovine lactoferrin (bLF) on cytokine production by
intestinal intraepithelial lymphocytes (IEL) and mesenteric
lymph-node (MLN) cells, especially T cells. Bovine lactoferrin
or bovine serum albumin (control) was administered to mice
(via intragastric intubation at 500 mg/kg/day) once daily for 3 d.
After 24 h from the last administration, |IEL of the jejunum and
ileum and MLN cells were isolated. These cells were cultured
with and without the anti-T-cell-receptor antibody, and then the
culture supernatants were assayed for cytokines with ELISA.
Oral bLF did not affect the ratio of T cell subpopulations in IEL
and MLN; however, bLF enhanced both interferon IFN-y and
IL-10 production by unstimulated IEL and by IEL stimulated with
the a8 T cell receptor but not with the yd T cell receptor. bLF
also enhanced both IFN-y and IL-10 production by stimulated
and unstimulated MLN cells. The production level of IFN-y by
MLN cells was correlated with that of IL-10. The authors
indicated that these results suggest that oral bLF enhances the
production of both Th1-type and Th2/Tr-type cytokines in the
small intestine of healthy animals.

Takakura, N., H. Wakabayashi, H. lIshibashi, K. Yamauchi, S.
Teraguchi, Y. Tamura, H. Yamaguchi, and Abe, S. Effect of orally
administered bovine lactoferrin on the immune response in the oral
candidiasis murine model. J Med Microbiol 53, 495 (2004).

Takakura et al. investigated the effect of orally
administered bLF (in drinking water — equivalent to 0.5 g/kg
BW/day — administered continuously from day 1 before the
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infection) to mice “immunosuppressed with prednisolone 1 day
before and 3 days after’ being infected with Candida. The
study lasted 7 days. The authors reported the following resuits:
1. bLF prevented the reduction in the numbers of
peripheral blood leukocytes (PBLs) on day 1
and cervical lymph node (CLN) cells on days 1,
5 and 6;
2. increased production of IFN-y and TNF-a by
CLN cells; and
3. a significant increase in the production of IFN-y
and TNF-a on day 6.
The authors concluded that these results may indicate
enhancement of the number of leukocytes and their cytokine
responses in regional lymph nodes.

Tanaka, K., Ikeda, M., Nozaki, A., Kato, N., Tsuda, H., Saito, S., and
Sekihara, H. Lactoferrin inhibits hepatitis C virus viremia in patients
with chronic hepatitis C: a pilot study. Jpn. J. Cancer Res. 90, 367
(1999).

Tanaka et al, having recently found that in vitro
administered bLF effectively prevented hepatitis C virus (HCV)
infection in cultured human hepatocytes (PH5CHS8), in this
report investigated (in a “pilot study”) the hypothesis that bLF
inhibits HCV viremia in patients with chronic hepatitis C. Eleven
patients with chronic hepatitis C received an 8-week course of
bovine lactoferrin (1.8 or 3.6 g/day). At the end of lactoferrin
treatment, a decrease in serum alanine transaminase and HCV
RNA concentrations was apparent in 3 (75%) of 4 patients with
low pretreatment serum concentrations of HCV RNA. However,
7 patients with high pretreatment concentrations showed no
significant changes in these indices. (See, Ueno, 2006 for a
summary of the published report of the full clinical trial
conducted after this pilot study).

Togawa, J., Nagase, H., Tanaka, K., Inamori, M., Umezawa, T.,

Nakajima, A., Naito, M., Sato, S., Saito, T., and Sekihara, H.
Lactoferrin reduces colitis in rats via modulation of the immune
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system and correction of cytokine imbalance. Am. J. Physiol.
. Gastrointest. Liver Physiol. 283, G187 (2002).

Togawa et al. reported that, in a TNBS-induced colitis
model in rats, it has been shown that oral administration of bLF
reduces colitis in rats via modulation of the immune system and
correction of cytokine imbalance. More specifically, oral
administration of bLF (at 200 mg/kg/day for, essentially, a
lifetime) resulted in decreased levels of the pro-inflammatory
cytokines TNF-qa, IL-18 and IL-6, whereas the anti-inflammatory
cytokines IL-4 and 1I-10 levels — both cytokines known to
promote a Th2 response — were significantly increased. The
authors concluded that bLF exerts a protective i.e., anti-
inflammatory, effect against colitis in rats.

Ueno, H., Sato, T., Yamamoto, S., Tanaka, K., Ohkawa, S., Takagi,
H., Yokosuka, O., Furuse, J., Saito, H., Sawaki, A., Kasugai, H.,
Osaki, Y., Fujiyama, S., Sato, K., Wakabayashi, K. and Okusaka, T.
Randomized, double-blind, placebo-controlled trial of bovine

‘ lactoferrin in patients with chronic hepatitis C. Cancer Sci 971105
(2006).

Ueno et al. (including Tanaka, K.) investigated the
efficacy of orally administered bovine lactoferrin (bLF) in
patients with chronic hepatitis C. The patients with chronic
hepatitis C randomly received either oral bLF at a dose of 1.8 g
daily for 12 weeks, or an oral placebo. The primary endpoint
was the virologic response, defined as a 50% or greater
decrease in serum HCV RNA level at 12 weeks compared with
the baseline. The secondary endpoint was the biochemical
response, which was defined as a 50% or greater decrease in
the serum alanine aminotransferase (ALT) level at 12 weeks
compared with the baseline. The study involved 199
subjects/patients. bLF treatment was well-tolerated and no
serious toxicities were observed. A virologic response was
achieved in 14 of 97 patients (14.4%) in the bLF group, and 19
of 101 (18.8%) in the placebo group. There was no significant
difference in virologic response rates between the two groups

. (-4.4%, 95% confidence interval =14.8, 6.1). In addition, bLF
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intake did not have any favorable effect on the serum ALT level.
The virologic responses were not different between two groups
in any subgroup analysis. The authors concluded that orally
administered bLF does not demonstrate any significant efficacy
in patients with chronic hepatitis C.

Varadhachary, A., Wolf, J.S., Petrak, K., O'Malley Jr., B.W., Spadaro,
M., Curcio, C., Forni, G., and Pericle, F. Oral lactoferrin inhibits
growth of established tumors and potentiates conventional
chemotherapy. Int. J. Cancer 111, 398 (2004).

Varadhachary et al. demonstrated — in both tumor-bearing
and normal (i.e., naive) mice — that oral administration of rhLF
(at 300 mg/kg /day) for three consecutive days resulted in (1.)
significantly increased production of the active form of IL-18 in
the intestinal tract mucosa, i.e., in the intestinal epithelial cells
(consistent with the fact, the authors noted, that the gut is the
primary site of lactoferrin activity since lactoferrin is not
absorbed (systemic bioavailability < 1%) and the lactoferrin
receptors are present in the gut epithelium), (2.) systemic NK
cell activation, i.e., enhanced cytotoxicity of splenic NK cells,
and (3.) a significant increase in the relative percentage of
CD8" and CD3"/ CD8" cells.

Please note that rhLF also was reported to have
increased IL-18 in nude mice that lacked T cells. Please also
note that the authors measured for but found no statistically
significant increase in CD4" T cells. This study contains no
data indicating any effect on Th1 cells.

Finally, this study also incorporated use of bovine
lactoferrin (as a test article) exactly as rhLF had been used.
The results for bLF were exactly the same as for rhLF.

Wakabayashi, H., Takakura, N., Yamauchi, K., and Tamura, Y.
Modulation of Immunity-Related Gene Expression in Small Intestines
of Mice by Oral Administration of Lactoferrin. Clinical and Vaccine
Immunology 13, 239 (2006). ‘
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Wakabayashi et al initially confirmed an
immunomodulatory effect of bLF by observing changes in the
number of cells in the leukocyte subsets in the peripheral blood
and spleens of mice 1 day after oral administration (via gavage)
of bLF (in solution equivalent to 2.5g/kg BW/day for 1 day).
Then the authors developed a quantitative reverse
transcription-PCR method for 20 immunity-related genes of
antimicrobial proteins, pattern recognition receptors, cytokines,
and lymphocyte mobilization-related proteins, and assessed the
expression of these genes in the small intestines of mice 2
hours after administration of water, bovine serum albumin
(BSA), or bLF. Expression of the bLF gene was lower in mice
administered bLF than in mice administered water or BSA,
implying a negative-feedback control. Expression of gamma
interferon (IFN-y) and interleukin-10 (IL-10) was lower in both
BSA- and bLF-administered mice than in water administered
mice, suggesting a nonspecific effect of protein ingestion.
Expression of NOD2, IFN-B, and IL-12p40 was higher with bLF
administration than with water or BSA administration. The
expression levels of these three genes were correlated. This
study indicated, the authors concluded, that oral administration
of bLF modulates the small intestinal expression of genes
closely related to the host defense in a specific or a nonspecific
manner.

Wakabayashi, H., Kurokawa, M., Shin, K., Teraguchi, S., Tamura, Y.,
and Shiraki, K. Oral lactoferrin prevents body weight loss and
increases cytokine responses during herpes simplex virus type 1
infection of mice. BioSci. Biotechnol. Biochem. 68, 537 (2004).

Wakabayashi et al. reported that oral administration of
bLF (a 1.5 percent solution fed ad libitum) for 10 days to mice
then exposed to herpes simplex virus-1 infection resulted in
significantly increased serum 1L-18 levels (but only on day 9),
whereas no increase was observed in non-infected animals.
bLF treatment also resulted in significantly increased
splenocyte production of IL-12 and IFN-y — but only on day 5;
however, the source of the cytokines was not identified. bLF
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consumption did not significantly affect levels of RANTES, MIP-
1a, MIP-2, TNA-a or IL-10.

This study provides no direct demonstration of any Th1
response after viral infection.

Wakabayashi, H., Takakura, N., Teraguchi, S., and Tamura, Y.,
Lactoferrin feeding augments peritoneal macrophage activities in
mice intraperitoneally injected with inactivated Candida albicans.
Microbiol. Immunol. 47, 37 (2003).

Wakabayashi et al. investigated the effect on peritoneal
macrophage activities of bLF orally administered (1.5%) in
water (ad libitum) to mice intraperitoneally injected with
inactivated Candida albicans as a priming agent generating a
local inflammation. Oral administration lasted for 14 days post
priming. The authors reported that bLF administration:

1. slightly increased the number of peritoneal exudate

cells;

2. significantly enhanced the production of superoxide
anion and nitric oxide by peritoneal macrophages at
day 7; and

3. significantly enhanced IFN-y at day 9 and IL-12 at day
day 5, but not TNF-a or IL-10.

The authors concluded that the results indicated that bLF
augmented the activities of macrophages and such effects may
be related to enhanced cytokine levels.

Wakabayashi, H., Takakura, N., Yamauchi, K., Teraguchi, S., Uchida,
K., Yamaguchi, H. and Tamura, Y. Effect of lactoferrin feeding on the
host antifungal response in guinea-pigs infected or immunised with
Trichophyton mentagrophytes. J Med Microbiol 51,844 (2002).

Wakabayashi et al. investigated the effect of bLF orally
(gavage) administered (twice a day at a daily bLF dose of
2.5g/kg BW) on, among other end points, the immune system in
guinea pigs infected or immunized with Tryptophyton
mentagrophytes. Animals received bLF for either 1 or 2 weeks.
Among the results, the authors reported that:
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1. bLF administration caused no significant effects on
either phagocytic activity or reactive oxygen production of
blood neutrophil polymorpho-nuclear leukocytes in either
infected or noninfected animals; and
2. in the bromo-deoxyuridine incorporation assay, the
stimulation index was significantly higher for mononuclear
~ cells (MNC) dereived from bLF-treated animals.
The authors concluded that bLF may act by modulating MNC
function.

Wang, W.P., ligo, M., Sato, J., Sekine, K., Adachi, [., and Tsuda, H.
Activation of intestinal mucosal immunity in tumor-bearing mice by
lactoferrin. Jpn. J. Cancer Res. 91, 1022 (2000).

Wang et. al. investigated the activation of intestinal
mucosal immunity in tumor-bearing mice. Mice were orally
administered 300mg/kg/day of bLF from day 11 for three days.
The authors indicated that their study demonstrated that oral
administration of bLF resulted in:

1. “strong increases” in CD4" and CD8" T-cells, as
well as asialoGM1" cells in lymphoid tissues and
lamina propria of the small intestine;

2.  ‘“significantly increased” IgM" and IgA® B cells in
lamina propria of the small intestine;

3. “significantly  increased” CD8" cells and
significantly decreased asialoGM1™ cells in the
colon;

4. “increased production of IL-18, IFN-y and caspase-

1 in the mucosa of the small intestine;

5. “particularly high levels” of IL-18 in the epithelial
cells of and induced IFN-y presenting cells in the
small intestine; and

6. caspase-1 being induced in the epithelial cells of
the small intestine.

The authors concluded that such results may be important for
elevation of intestinal mucosal immunity.
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Unfortunately, the authors did not indicate which cell type
. was producing the IFN-y. Thus, this study does not necessarily
provide evidence of any Th1 effect.

Zimecki M., Kocieba M., Chodaczek G., Houszka M., Kruzel M.
Lactoferrin ameliorates symptoms of experimental encephalomyelitis
in Lewis rats. J. Neuroimmuno. (2006).

Zimecki et al. investigated the effects of oral
administration of lactoferrin (bLF) on experimental autoimmune
encephalomyelitis (EAE) in Lewis rats. bLF was given in
drinking water (as a 0.25% solution) beginning the day of
elicitation of EAE or with a seven-day delay. The authors
reported that lactoferrin treatment

1. led to a “significant acceleration” of the recovery
process;

2. ‘“normalized” cell number of the inguinal lymph nodes
of untreated EAE rats (which were almost 3 times
higher as compared with central, naive rats) after

. lactoferrin treatment;

3. decreased elevated serum concentrations of TNF-«
and TNF-B (i.e., Th1 proinflammatory cytokines) to
those values found in controls; and

4. reduced (evaluated via histological analysis of the
spinal cords) the number and size of inflammatory
foci.

As a consequence of the above-referenced findings, the
authors concluded that — as others have shown — lactoferrin
has the ability to inhibit autoimmune disorders — in this case,
diminution of the clinical symptoms of EAE. This study
confirmed other recent findings by the authors, i.e., that orally
administered lactoferrin caused reduction of clinical signs of MS
in patients — in parallel to normalization of cytokine production
by peripheral blood cells. (Kruzel, 20086).

Zimecki, M., Artym, J., Chodaczek, G., Kociéba, M. and Kruzel, M.
Effects of lactoferrin on the immune response modified by the
. immobilization stress. Pharma. Reports 57, 811 (2005).
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Zimecki et al. investigated the effects of orally
administered bovine lactoferrin (bLF) on the cellular and
humoral immune responses in mice subjected to immobilization
stress (IS). First, the authors demonstrated that long-term IS
induced significant suppression of cellular and humoral immune
responses in CBA mice. Then the authors indicated that the
suppression was attenuated by bLF given to mice in drinking
water as determined by the number of antibody-forming cells
(AFC) in the spleen and the magnitude of delayed type of
hypersensitivity (DTH). On the other hand, bLF lowered the
elevated DTH response in mice exposed to short-term IS (5 h
only) on the day of elicitation of the DTH reaction. The authors
also reported that bLF up-regulated spontaneous transforming
growth factor beta (TGF-B) production in the cultures of
mesenteric lymph node cells derived from short-term stressed
mice. Finally, the authors indicated that this study represents
the first report on the regulatory effect of bLF on the immune
response modified by the psychic stress and is consistent with
other reports on antinociceptive and analgesic actions of bLF in
experimental animals.

Zimecki, M., Wlaszczyk, A., Cheneau, P., Brunel, A.S., Mazurier, J.,
Spik, G., and Kubler, A. Immunoregulatory effects of a nutritional
preparation containing bovine lactoferrin taken orally by healthy
individuals. Arch. Immunol. Ther. Exp. (Warsz) 46, 231 (1998).

Zimecki et al. reported on a study performed in 17 healthy
volunteers during which individuals consumed 40 mg of bLF per
day for ten days. Such exposure resulted in (during treatment)
a 100 percent increase in the level of immature cell forms, a
significant decrease in the percentages of eosinophils and
monocytes, and a marked increase (from 33-42 percent) in the
numbers of Ilymphocytes. Unfortunately, the type of
lymphocytes (either Th1 or Th2 cells) was not specified; thus,
this study does not necessarily provide support for any Th1
response. The authors concluded that bLF may be applied in
the clinical setting “to improve the immune status of patients.”
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. Zimecki, M.,Wieczorek, Z., Mazurier, J., Spik, G. Lactoferrin lowers
the incidence of positive Coombs' test in New Zealand Black mice.
Arch. Immunol. Ther. Exp. 43, 207 (1995).

Zimecki et al. indicate in this publication that New Zealand
Black (NZB) mice treated for a prolonged period (i.e., 329 days)
with bovine lactoferrin (bLF) (given intraperitoneally at doses of
2, 10 or 50 g 3 times/week) exhibit a decreased frequency of
positive Coombs' reaction. The authors reported that this effect
was dose dependent and best pronounced at a dose of 50
Mg/dose, In addition, the authors reported that incubation of
peritoneal cells with bLF resulted in a decreased number of
cells recognizing Hb antigen on autologous erythrocytes.
Consequently, the authors concluded that the data indicated
that bLF may be of therapeutic value in treatment of
autoimmune disorders — in particular, in inhibiting autoimmune
hemolytic anemia.
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Management of Inflammatory Bowel Disease: From Concept to Clinic. R.B. Sartor

(ed.). Projects in Knowledge, Secaucus, NJ. 1997. pp. 1-4.
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31. Elson, C.O., Zivny, J., Moldoveanu, Z., Mestecky, J. Therapeutic applications of oral
tolerance for human disease. In Mucosal Solutions: Advances in Mucosal Immunology.
Husband AJ, Beagley KW, Clancy RL, Collins AM and Cripps AW (eds). University of
Sydney Press, Sydney, Australia, 1997, pp 209-223.

32. Dean, P.A., Elson, C.O. Immunology. In Surgery of the Colon & Rectum. Nicholls, R.J.,
Dozois, R.R. (eds). New York: Churchill Livingstone, 1997; 57-66.

33, Zierhut, M., Elson, C.O., Forrester, J.V., Kijlstra, A., Krachenbuhl, J.P., Sullivan, D.A.:
Mucosal immunology and the eye. Immunology Today 1998; 19(4): 148-50.

34, Elson, C.O. and Dertzbaugh, M.T. Mucosal Adjuvants. In: Mucosal
Immunology, Second Edition. P. Ogra, J. Mestecky, M. Lamm, W. Strober, J.
McGhee, J. Bienenstock (Eds.). Acad. Press, San Diego. 1999. pp 817-838.

35.  Elson, C.O. Experimental models of intestinal inflammation: New insights into
mechanisms of mucosal homeostasis. /n Mucosal Immunology, Second Edition.
P. Ogra, J. Mestecky, M. Lamm, W. Strober, J. McGhee, J. Bienenstock (Eds.).
Academic Press, San Diego. 1999. pp 1007-1024.

36.  Elson, C.O., Cong, Y., Sundberg, J: The C3H/HeJBir mouse model: a high susceptibility
phenotype for colitis. International Reviews of Immunology. 2000; 19(1): 63-75.

37.  Elson, C.O. Gastrointestinal diseases with an immune origin. In: Humes, H.D., ed.
Kelley’s Textbook of Internal Medicine. 4th ed. Philadelphia: Lippincott Williams &
Wilkins, 2000: 917-925.

38. Elson, C.O. The Immunology of Inflammatory Bowel Disease. In: Inflammatory Bowel
Disease. Fifth Edition. Ed. by J.B. Kirsner and R.G. Shorter. Williams & Wilkins,
Philadelphia, PA. 2000. pp 208-239.

39. Elson, C.O., Igbal, N. Options in managing enteral fistulae in Inflammatory Bowel
Disease. In: Bayless, T., Hanauer, S.B., Eds. Advanced Therapy of Inflammatory Bowel
Disease, 2™ Ed. B.C. Decker, Hamilton, 2001: 401-404,

40. Elson C.O. and Cong, Y. Understanding immune-microbial homeostasis in intestine.
Immunologic Research. 26(1-3):87-94, 2002.

PEER-REVIEWED ARTICLES:

1. Elson, C.O., Hattori, K., and Blackstone, M.O.: Polymicrobial sepsis following
endoscopic retrograde cholangiopancreatography (ERCP). Gastroenterology 69:507,
1975.
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2. Layden, T., Rosenberg, J., Nemchausky, B., Elson, C.O. and Rosenberg, I. Reversal of
growth arrest in adolescents with Crohn's disease following parenteral alimentation.
Gastroenterology 70:1017, 1976.

3. Elson, C.O., Reilly, R.W. and Rosenﬁerg, LH. Small intestinal injury in the graft versus
host reaction: an innocent bystander phenomenon. Gastroenterology 72:886, 1977.

4. Elson, C.O., Heck, J.A. and Strober, W. T-cell regulation of murine IgA synthesis. J.
Exp. Med. 149:632, 1979.

5. Baker, A.L., Elson, C.O., Jaspan, J., and Boyer, J.L.: Liver failure with steatonecrosis
after jejunoileal bypass. Archives of Internal Medicine 139:289, 1979.

6. Elson, C.O., Layden, T., Nemchausky, B., Rosenberg, J., and Rosenberg, I.. An
evaluation of total parenteral nutrition in the management of inflammatory bowel disease.
Digestive Diseases and Sciences 25:42, 1980.

7. Arnaud-Battandier, F., Hague, N.E., Elson, C.O., Lum, L.G., and Strober, W.: Tissue
distribution of IgA receptor-bearing cells in mouse and guinea pig with special reference
to the lymphoid population of the intestinal tract. Cellular Immunology 55:106, 1980.

8. James, S.P., Elson, C.O., Jones, E.A., and Strober, W.: Abnormal regulation of
immunoglobulin synthesis in vitro in primary biliary cirrhosis. Gastroenterology 79:242,
1980.

9. James, S.P., Elson, C.O., Waggoner, J.G., Jones, E.A. and Strober, W.: Deficiency of the
autologous mixed lymphocyte reaction in patients with primary biliary cirrhosis. Journal
of Clinical Investigation 66:1305, 1980.

10. Elson, C.O., Graeff, A.S., James, S.P., and Strober, W.: Covert suppressor T cells in
Crohn's disease. Gastroenterology 80:1513, 1981.

11. James, S.P.,, Yenokida, G.G., Graeff, A.S., Elson, C.O. and Strober, W.:
Immunoregulatory function of T cells activated in the autologous mixed lymphocyte
reaction. Journal of Immunology 127:2605, 1981.

12. Smith, P.D., Elson, C.O., Keister, D.B. and Nash, T.E.: Human host response to Giardia
lamblia. 1. Spontaneous killing by mononuclear leukocytes in vitro. Journal of
Immunology 128:1372, 1982.

13. Smith, P.D., Keister, D.B., and Elson, C.O.: Human host response to Giardia lamblia. II.
Antibody-dependent killing by granulocytes in vitro. Cellular Immunology 82:308, 1983.

14. Elson, C.O., James, S.P., Graeff, A.S., Berendson, R.A., and Strober, W.-

Hypogammaglobulinemia due to abnormal suppressor T cell activity in Crohn's disease.
Gastroenterology 86:569, 1984.
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15. Elson, C.O., Ealding, W., Lefkowitz, J. A lavage technique allowing repeated
measurement of IgA antibody in mouse intestinal secretions. Journal of Immunological
Methods. 67:101, 1984.

16.  Elson, C.O. and Ealding, W. Generalized systemic and mucosal immunity in mice after
mucosal stimulation with cholera toxin. J. Immunol. 132:2736, 1984.

17. Elson, C.O. and Ealding, W. Cholera toxin feeding did not induce oral tolerance in mice
and abrogated oral tolerance to an unrelated protein antigen. J. Immunol. 133:2982,
1984.

18. Graham, M.F., Diegelmann, R., Elson, C.O., Bitar, K.N., Erlich, H.P. Isolation and
culture of human intestinal smooth muscle cells. Proc. Soc. Exp. Biol. Med. 176:503,
1984.

19. Elson, C.O., Machelski, E., and Weiserbs, D.B. T cell-B cell regulation in the intestinal
lamina propria in Crohn's disease. Gastroenterology 89:321, 1985.

20. Elson, C.O. and Ealding, W. Genetic control of the murine immune response to cholera
toxin. J. Immunol. 135:930-932, 1985.

21. Elson, C.O., Kagnoff, M.F., Fiocchi, C., Befus, A.D., Targan, S. Intestinal immunity and
inflammation: Recent progress. Gastroenterology 91:746-68, 1986.

22. Graham, M.F., Drucker, D.E.M., Diegelmann, R.F., Elson, C.O. Collagen synthesis by
human intestinal smooth muscle cells in culture. Gastroenterology 92:400-5, 1987.

23. Elson, C:O. and Ealding, W. Ir gene control of the murine secretory IgA response to
cholera toxin. Eur. J. Immunol. 17:425-428, 1987.

24. Irani, A.A., Craig, S.S., DeBlois, E., Elson, C.0O., Schechter, N.M., Schwartz, L.B.
Deficiency of the tryptase positive, chymase negative mast cell type in gastrointestinal
mucosa of patients with defective T lymphocyte function. J. Immunol. 138:4381-4386,
1987.

25, Woogen, S.D., Ealding, W., Elson, C.O. Inhibition of murine lymphocyte proliferation
by the B subunit of cholera toxin. J. Immunol. 139:3764-3770, 1987.

26. Graham, M.F., Diegelmann, R.F., Elson, C.O., Lindblad, W.J., Gotschalk, N., Gay, S.,
Gay, R. Collagen content and types in normal intestine and in the strictures of Crohn's
disease. Gastroenterology 94:251-265, 1988.

27. Gaspari, M.M., Brennan, P.T., Solomon, S.M. and Elson, C.O. A method of obtaining,

processing and analyzing human intestinal secretions for antibody content. J. Immunol.
Methods 110;85-91, 1988.
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28.  Lee, A, Sugerman, H., Elson, C.O. Regulatory activity of the human CDS8+ cell subset:
A comparison of CD8+ cells from the intestinal lamina propria and blood. Eur. J.
Immunol. 18:21-27, 1988.

29, Elson, C.O. and Solomon, S. Activation of cholera toxin-specific T cells in vitro.
Infection and Immunity. 58(11):3711-3716, 1990.

30. Elson, C.O. Cholera toxin as a mucosal adjuvant: Effects of H-2 major
histocompatibility complex and lps genes. Infect & Immun. 60:2874-2879, 1992.

31. Woogen, S.D., Turo, K., Dieleman, L.A., Beagley, K.W., Elson, C.O. Inhibition of
murine T-cell activation by cholera toxin B subunit is not mediated through the
phosphatidylinositol second messenger system. J. Immunol. 150:3274-3281, 1993,

32.  Dertzbaugh, M.T. and Elson, C.O. Reduction in oral immunogenicity of cholera toxin B
subunit by N-terminal peptide addition. Infec Immun. 61:384-390, 1993.

33.  Dertzbaugh, M.T. and Elson, C.O. Comparative effectiveness of cholera toxin B subunit
and alkaline phosphatase as carriers for oral vaccines. Infec Immun. 61:48-55, 1993.

34. Baron, T.H., Truss, C.D., and Elson, C.O. Low-dose oral methotrexate in refractory
inflammatory bowel disease. Dig. Dis. Sci. 38:1851-1856, 1993.

35. McGee, D.W., Elson, C.O. and McGhee, J.R. Enhancing effect of cholera toxin on
interleukin-6 secretion by IEC-6 intestinal epithelial cells: Mode of action and
augmenting effect of inflammatory cytokines. Infect Immun 61:4637-4644, 1993.

36. Jackson, R.J., Fyjihashi, K., Xu-Amano, J., Kiyono, H., Elson, C.O. and McGhee, J.R.
Optimizing oral vaccines: Induction of systemic and mucosal B-cell and antibody
responses to tetanus toxoid by use of cholera toxin as an adjuvant. Infec Immun 61:4272-
4279, 1993.

37. Xu-Amano, J., Jackson, R. J., Staats, H. F., Fujihashi, K., Kiyono, H., Burrows, P.D.,
Elson, C.O., Pillai, S. and McGhee, J.R.. Helper T cell subsets for IgA responses. Oral
immunization with tetanus toxoid and cholera toxin as adjuvant selectively induces Th2
cells in mucosa-associated tissues. J Exp Med. 178:1309-1320, 1993.

38. Husby, S., Mestecky, J., Moldoveanu, Z., Elson, C.O. Oral tolerance in humans. T cell
but not B cell tolerance after antigen feeding. J. Immunol. 152:4663-4670, 1994.

39. Lue, C., Van den Wall Bake, A.W.L., Prince, S.J., Julian, B.A., Tseng, M.-L., Radl, J,,
Elson, C.O. and Mestecky, J. Intraperitoneal immunization of human subjects with
tetanus toxoid induces specific antibody-secreting cells in the peritoneal cavity and in the
circulation, but fails to elicit a secretory IgA response. Clin Exp Immunol 96:356-363,
1994,
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40. Dieleman, L.A., Ridwan, B.U., Tennyson, G.S., Beagley, K.W., Bucy, R.P., Elson, C.O.
Dextran sulfate sodium (DSS)-induced colitis occurs in severe combined
immunodeficient (SCID) mice. Gastroenterology 107:1643-1652, 1994.

41. Sundberg, J.P., Elson, C.O., Bedegian, H. and Birkenmeier, E.H. Spontaneous heritable
colitis in a new substrain of C3H/HeJ mice. Gastroenterology 107:1726-1735, 1994.

42, Elson, C.O., Holland, S.P., Dertzbaugh, M.T., Cuff, C.F. and Anderson, A.O.
Morphological and functional alterations of mucosal T cells by cholera toxin and its B
subunit, J. Immunol. 154:1032-1040, 1995

43. Vaezi, M.F., Rustagi, P.K. and Elson, C.O. Transient protein S deficiency associated
with cerebral venous thrombosis in active ulcerative colitis. Am J Gastroenterol 90:313-
315, 1995.

44, Beagley, K.W., Fujihashi K., Lagoo, A.S., Black, C.A., Sharmanov, A.T., Yamamoto,
M., Kiyono, H., McGhee, J.R., and Elson, C.O. Differences in intraepithelial (IEL) T cell
subsets isolated from murine small versus large intestine. J Immunol 154:5611-19,1995.

45. Hanauer, S., Sninsky, C.A., Robinson, M., Powers, B.J., McHattie, J.D., Mayle, J.E.,
Elson, C.O., et al. An oral preparation of mesalamine as long-term maintenance therapy
for ulcerative colitis. A randomized, placebo-controlled trial. Ann Int Med 124:204-211,
1996.

46. Dieleman, L.A., Beagley, K.W., and Elson, C.O. The effect of immunosuppressive
agenats on monocyte generation and cytokine expression. Inflammatory Bowel Diseases
1:266-275, 1995. '

47, Dieleman, L.A., Elson, C.O., Tennyson, G.S., and Beagley, K.W. Kinetics of cytokine
expression during healing of acute colitis in mice. Am J Physiol 271:G130-G136, 1996.

48. Probert, C.S., Chott, A., Turner, J.R., Bodinaku, K., Elson, C.O., Balk, S.P. and
Blumberg, R.S. Persistent clonal expansions of CD4+ lymphocytes implicate specific
chronic antigen exposure in the pathogenesis of inflammatory bowel disease. J.
Immunol. 157:3183-91, 1996.

49, Elson, C.O., Beagley, K.W., Sharmanov, A.T., Fujihashi, K., Kiyono, H., Tennyson,
G.S., Cong, Y., Black, C.A., Ridwan, B.W. and McGhee, J.R. Hapten-induced model of
murine inflammatory bowel disease. Mucosal immune responses and protection by
tolerance. J. Immunol. 157:2174-2185, 1996.

50. Cong, Y., Bowdon, H., and Elson, C.O. Identification of an Immunodominant T Cell
Epitope on Cholera Toxin . Eur. J. Immunol. 26:2587-2594, 1996.

51. Brandwein, S.L., McCabe,R.P., Dadrat, A.A.. Ridwan, B.U, Birkenmeier, E.H.,
Sundberg, J.P. and Elson, C.O. Spontaneously colitic C3H/HeJBir mice demonstrate
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52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

selective antibody reactivity to antigens of the enteric bacterial . J. Immunol. 159:44-52,
1997.

Van Deventer, S.J.H., Elson, C.O. Fedorak, R.N. for the Crohn's Disease Study Group.
Multiple doses of intravenous interleukin-10 in steroid-refractory Crohn's disease.
Gastroenterology 113:383-389, 1997.

Cong, Y., Weaver, C.T., and Elson, C.O. The mucosal adjuvanticity of cholera toxin
involves enhancement of costimulatory activity by selective upregulation of B7.2
expression. J Immunol. 159:5301-5308, 1997.

Seibold, F., Seibold-Schmid, B., Cong, Y., Shu, F-Y., McCabe, R.P., Weaver, C. and
Elson, C.O. Regional differences in L-selectin: expression in intestinal lymphocytes.
Gastroenterology 114:965-74, 1998.

Seibold, F., Brandwein, S., Simpson, S., Terhorst, C. and Elson, C.O. PANCA represents
a cross reactivity to enteric bacterial antigens. J. Clin. Immunol. 18:153-160, 1997.

Tomasi, M., Dertzbaugh, M.T., Hearn, T., Hunter, R.L. and Elson, C.O. Strong mucosal
adjuvanticity of cholera toxin with lipid particles of a new multiple emulsion delivery
system for oral immunization. Eur. J. Immunol. 27:2720-2725, 1997.

Saparov, A., Elson, C.O., Devore-Carter, D., Bucy, R.P. and Weaver, C.T. Single-cell
cell analyses of CD4+ T cells from T cell receptor-transgenic mice: a distinct
mucosal cytokine phenotype in the absence of transgene-specific antigen. FEur. J.
Immunol. 27:1774-1781, 1997.

Cong, Y., Brandwein, S.L., McCabe, R.P., Lazenby, A., Birkenmeier, E.H., Sundberg,
J.P. and Elson, C.O. CD4+ T cells reactive to enteric bacterial antigens in spontaneously
colitic C3H/HeJBir mice. Increased Thl response and ability to transfer disease. J. Exp.
Med. 187:855-864, 1998.

Mahler, M., Bristol, L], Leiter, E.H., Workman, A.E., Birkenmeier, E.H., Elson, C.O.
and Sundberg, J.P. Differential susceptibility of inbred mouse strains to dextran sulfate
sodium-induced colitis. Am. J. Physiol. 274:G544-G551, 1998.

Mestecky, J., Russell, M.W. and Elson, C.O. Intestinal IgA: novel views on its function
in the defense of the largest mucosal surface. Gut 1999; 44:2-5.

Saparov, A., Kraus, L.A., Cong, Y., Marwill, J., Xu, X-Y., Elson, C.O. and Weaver, C.T.
Memory/effector T cells in TCR transgenic mice develop via recognition of enteric
antigens by a second, endogenous TCR. Int. Immunol. 1999; 11:1253-1263.

Mestecky, J., Russell, M.W. and Elson, C.O. Intestinal IgA: novel views on its
function in the defense of the largest mucosal surface. Gut 1999; 44:2-5.
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63. Mahler, M., Bristol, 1J., Sundberg, J.P., Churchill, G.A., Birkenmeier, E.H.,
Elson, C.O. and Leiter, E.-H. Genetic analysis of susceptibility to dextran sulfate
sodium-induced colitis in mice. Genomics 55:147-56, 1999,

64. Kantele, A., Zivny, J., Hakkinen, M., Elson, C.O., Mestecky, J. Differential
homing commitments of antigen-specific T cells after oral or parenteral
immunization in humans. J Immunol 162:5173-7, 1999.

65. Dohi, T., Fujihashi, K., Kiyono, H., Elson, C.0O., McGhee, J.R. Mice deficient in
Thl- and Th2- type cytokines develop distinct forms of hapten-induced colitis.
Gastroenterology 2000; 119(3):724-33.

66. Cong, Y., Weaver, C.T., Lazenby, A., Elson, C.O. Colitis induced by enteric
bacterial antigen-specific CD4+ T cells requires CD40-CD40 ligand interactions
for a sustained increase in mucosal IL-12. Journal of Immunology 2000; 165(4):
2173-82.

67. Bristol, 1.J., Farmer, M.A., Cong, Y., Zheng, X.X., Strom, T.B., Elson, C.O.,
Sundberg, J.P. and Leiter, E.H. Heritable Susceptibility for Colitis in Mice
Induced by IL-10 Deficiency. Inflammatory Bowel Disease. 2000; 6: 290-302.

68. Fedorak, R.N., Gang,l A., Elson, C.O., Rutgeerts, P., Schreiber, S., Wild, G.,
Hanauer, S.B., Kilian, A., Cohard, M., LeBeaut, A., Feagan, B. Recombinant
human interleukin 10 in the treatment of patients with mild to moderately active
Crohn’s disease. Gastroenterology 2000; 119: 1473-1482.

69. Cong, Y., Oliver, F.J., Elson, C.O. Effects of cholera toxin on macrophage
production of costimulatory molecules. Eur. J. Immunol. 2001; 31: 64-71.

70. Zivny, J.H., Moldoveanu, Z., Vu, H.L., Russell, M.W., Mestecky, J. and Elson,
C.0. Mechanisms of immune tolerance to food antigens in humans. Clin.
Immunol. 2001; 101: 158-168.

71. Farmer, M.A., Sundberg, J.P., Bristol, L.J., Churchill, G.A., Li, R., Elson, C.O.,
Leiter, E.H. A major quantitative trait locus on chromosome 3 controls colitis
severity in IL-10-deficient mice.. Proc. Natl. Acad. Sci. U.S.A. 2001; 98: 13820-
13825.

72. Igbal, N., Oliver, J.R., Wagner, F.H., Lazenby, A.S., Elson, C.O., Weaver, C.T. T
helper 1 and T helper 2 cells are pathogenic in an antigen-specific model of
colitis. J Exp Med 2002, 195(1):71-84.

74. Cong, Y., Weaver, C.T., Lazenby, A., Elson, C.O. Bacterial-reactive T regulatory

cells inhibit pathogenic immune responses to the enteric flora. J] Immunol 2002,
169(11):6112-9.
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75.

76.

77.

78.

79.

80.

81.

82.

3.

84.

85.

86.

Igbal, N. Oliver, J.R., Wagner, F.H., Lazenby, A.S., Elson, C.O., Weaver, C.T. T
helper 1 and T helper 2 cells are pathogenic in an antigen-specific model of
colitis. J. Exp. Med. 2002; 195: 1-15.

Cong Y, Konrad A, Igbal N, Elson CO. Probiotics and immune regulation of
inflammatory bowel diseases. Curr Drug Targets Inflamm Allergy 2003;2(2):145-54.

Elson CO, Sartor RB, Targan SR, Sandborn WJ. Challenges in IBD Research:
updating the scientific agendas. Inflamm Bowel Dis 2003;9(3):137-53.

Dooley, T.P., Curto, E.V., Reddy, S.P., Davis, R.L., Lambert, G., Wilborn, T'W.,
and Elson, C.O. Regulation of gene expression by inflammatory bowel disease
and correlation with IBD drugs: Screening by DNA microarrays. Inflammatory
Bowel Diseases 2004; 10:1-14.

Lodes MJ, Cong Y, Elson CO, Mohamath R, Landers CJ, Targan SR, Fort M,
Hershberg RM. Bacterial flagellin is a dominant antigen in Crohn’s disease. J
Clin Invest 2004; 113:1296-1306.

Elson CO, Konrad A, Cong Y, Weaver CT. Gene disruption and immunity in
experimental colitis. Inflammatory Bowel Diseases. 10 (Suppl 1):825-8, 2004

Mannon PJ, Fuss 1J, Mayer L, Elson CO, Sandborn WJ, Present D, Dolin B,
Goodman N, Groden C, Hornung RL, Quezado M, Neurath MF, Salfeld J,
Veldman GM, Schwertschlag U, Strober W; Anti-IL-12 Crohn's Disease Study
Group. Anti-interleukin-12 antibody for active Crohn's disease. N Engl J Med.
2004 Nov 11;351(20):2069-79.

Bleich A, Mahler M, Most C, Leiter EH, Liebler-Tenorio E, Elson CO, Hedrich
HJ, Schlegelberger B, Sundberg JP. Refined histopathologic scoring system
improves power to detect colitis QTL in mice. Mamm Genome. 2004;
15(11):865-71.

Kubo T, Hatton RD, Oliver J, Liu X, Elson CO, Weaver CT. Regulatory T cell
suppression and anergy are differentially regulated by proinflammatory cytokines
produced by TLR-activated dendritic cells. J Immunol. 2004;173(12):7249-58.

Cong Y, Konrad A, Igbal N, Hatton RD, Weaver CT and Elson CO. Generation
of antigen-specific, Foxp3-expressing CD4+ regulatory T cells by inhibition of
antigen presenting cell proteosome function. J Immunol. 2005;174(5):2787-95.

Mestecky J, Moldoveanu Z and Elson CO. Immune responses versus mucosal
tolerance to mucosally administered antigens. Vaccine 2005; 23:1800-1803.

Feagan BG, Sandborn WJ, Baker JP, Cominelli F, Sutherland LR, Elson CO, et
al. A randomized, double-blind, placebo-controlled trial of CDP571, a humanized
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87.

88.

89,

90.

91.

92.

93.

93.

monoclonal antibody to tumor necrosis factor-a, in patients with corticosteroid-
dependent Crohn's disease. Aliment Pharmacol Ther. 2005;21(4):373-84.

Targan SR, Landers CJ, Yang H, Lodes MJ, Cong Y, Papadakis KA, Vasiliauskas
E, Elson CO, Hershberg RM. Antibodies to CBirl flagellin define a unique
response that is associated independently with complicated Crohn's discase.
Gastroenterology. 2005;128:2020-8,

Beckwith J, Cong Y, Sundberg JP, Elson CO, Leiter EH.  Cdcsl, a major
colitogenic locus in mice, regulates innate and adaptive immune response to
enteric bacterial antigens. Gastroenterology. 2005; 129:1473-84.

Konrad A, Cong Y, Duck W, Borlazza R, Elson CO. Tight mucosal
compartmentation of the murine immune response to antigen of the enteric
microbiota. Gastroenterology. 2006 Jun;130(7):2050-9.

Dubinsky MC, Lin YC, Dutridge D, Picornell Y, Landers CJ, Farrior S, Wrobel [,
Quiros A, Vasiliauskas EA, Grill B, Israel D, Bahar R, Christie D, Wahbeh G,
Silber G, Dallazadeh S, Shah P, Thomas D, Kelts D, Hershberg RM, Elson CO,
Targan SR, Taylor KD, Rotter JI, Yang H; Western Regional Pediatric IBD
Research Alliance. Serum immune responses predict rapid disease progression
among children with Crohn's disease: immune responses predict disease
progression. Am J Gastroenterol. 2006 Feb;101(2):360-7.

Mangan PR, Harrington LE, O'Quinn DB, Helms WS, Bullard DC, Eison CO,
Hatton RD, Wahl SM, Schoeb TR, Weaver CT. Transforming growth factor-beta
induces development of the T(H)17 lineage. Nature. 2006 May 11;441(7090):231-
4. PMID: 16648837

Elson CO, Cong Y, Weaver CT. Alterations of T lymphocytes in inflammatory
bowel diseases. Adv Exp Med Biol. 2006;,579:133-48. PMID: 16620016

Elson CO, Cong Y, Hershberg RM, and Targan SR. Molecular approaches to the
role of the inflammatory bowel disease. Annals NY Acad Sci. In press, 2006.

Elson CO, Cong Y, Weaver CT, McClanahan TK, Fick RB, and Kastelein RA.
IL-23-dependent CD4+ Th17 cells mediate chronic colitis. Gastroenterology.
2006. Submitted.

NON-PEER-REVIEWED ARTICLES:

1.

Elson, C.O., Heck, J.A. and Strober, W. T cell regulation of murine IgA biosynthesis. In:
The Secretory Immune System and Caries Immunity. Edited by J.R. McGhee and J.
Mestecky. Plenum Press, 1978. p. 199.

Elson, C.Q., Heck, J.A., and Strober, W.: T cell regulation of IgA synthesis. In:

Immunology of Breast Milk. Edited by P.L. Ogra and D.H. Dayton, Raven Press, New
York, 1979, p. 37.

00573




Charles O. Elson, M.D.
Page 21
Curriculum Vitae - Revised 8/22/06

3. Strober, W. and Elson, C.O.: IgA class-specific regulatory T cells and their relationship
to oral unresponsiveness. In: The Mucosal Immune System in Health and Disease.
Edited by P.L. Ogra and J. Bienenstock. Ross Laboratories, Columbus, 1980, p. 162.

4, Elson, C.O., Graeff, A.S., James, S.P. , and Strober, W.: Regulation of immunoglobulin
synthesis in vitro in Crohn's disease: "Covert" suppressor T cells. In: Recent Advances
in Crohn's Disease. Edited by A.S. Pena, I.T. Weterman, C.C. Booth, W. Strober.
Martinus Nijhoff, The Hague, 1981, p. 390.

S. Elson, C.O. Endotoxin and the mucosal immune response. In: Mechanisms in Mucosal
Immunity. Edited by L.A. Hanson, K.W. Sell and W. Strober. Raven Press, New York,
1982, p. 73.

6. Strober, W., Elson, C.O., Graeff, A.S., Richman, L.K.: Class-specific T cell regulation of
mucosal immune response. In: Recent Advances in Mucosal Immunity. Edited by W.
Strober, L.A. Hanson, and K.W. Sell. Raven Press, new York, 1982, p. 121.

7. Elson, C.0., Weiserbs, D.B., Ealding, W., Machelski, E.: Helper T cell activity in
intestinal lamina propria. Ann. N.Y. Acad. Sci. 409:230, 1983.

8. Elson, C.O., James, S.P., Graeff, A.S., and Strober, W.: Humoral immunoregulation in
Crohn's disease. In: Regulation of the Immune Response. Edited by P.L. Ogra and D.M.
Jacobs. Karger, Basel, 1983, p. 299.

9. Graham, M.F., Diegelmann, R.F., Elson, C.O., Gay, S., Gay, R. Abnormal accumulation
of basement membrane (Type IV) and cytoskeletal (Type V) collagens in the strictures of
Crohn's disease. The probable role of intestinal smooth muscle cells. Ann. N.Y. Acad.
Sci. 460:439-42, 1985.

10. Elson, C.0., Woogen, S., Gaspari, M., Ealding, W. Induction of secretory IgA response
to protein antigens. In: Proceedings of the International Congress of Mucosal
Immunology, Niagra Falls, N.Y. Edited by J. Mestecky, J.R. McGhee, P. Ogra and J.
Bienenstock. Plenum Press, New York, 1987, pp 877-387.

11. Elson, C.O., Ealding, W., Woogen, S., Gaspari, M. Some new perspectives on IgA
immunization and oral tolerance derived from the unusual properties of cholera toxin as a
mucosal immunogen. In: Mucosal Immunity and Infections at Mucosal Surfaces. Ed. by
W. Strober, M.E. Lamm, J.R. McGhee, S.P. James. Oxford Univ. Press, New York,

1988. pp. 392-400.

12.  Elson, C.O. Cholera toxin and its subunits as potential oral adjuvants. In Current Topics
in Immunology and Microbiology. Mestecky, J. and McGhee, J.R. (Eds.) Springer-
Verlag. Vol 146, pp. 29-33, 1989.

13.  Elson, C.O. T-Cell Activation and Inhibition by Cholera Toxin and Its B Subunit. In
Advances in Mucosal Immunology. Ed. by T.T. MacDonald, S.J. Challacombe, P.W.

05/ F



Charles O. Elson, M.D.

Page 22

Curriculum Vitae — Revised 8/22/06
Bland, C.R. Stokes, R.V. Heatley, A.M. Mowat. Kluwer Academic Publishers,
Dordrecht, 1990, pp. 153-157.

14. Beagley, K.W., Cummings, O.W., Black, C.A. and Elson, C.O. Experimentally induced
colitis in mice. In Frontiers of Mucosal Immunology. Eds. M. Tsuchiya, H. Nagura, T.
Hibi, I. Moro. Excerpta Medica, Elsevier Sciences Publishers, Amsterdam, New York,
Oxford. Vol. 1, p. 847, 1991.

15.  Husby, S., Mestecky, J., Moldoveanu, Z. and Elson, C.O. Oral tolerance in humans: T
cell but not B cell tolerance to a soluble protein antigen. Adv. Muc. Immunol. 371:1225-
1229, 1995.

16. Lue ,C., Van den Wall Blake, A.W., Prince, S.J., Julian, B.A., Tseng, M.L., Elson, C.O.,
Hale, H.H. and Mestecky, J. Intraperitoneal administration of tetanus toxoid elicits a
specific response of antibody-secreting cells in the peritoneal cavity. Adv Exp Med Biol
371A:103-6, 1995,

17. Elson, C.O., Tomasi, M., Dertzbaugh, M.T., Thaggard, G., Hunter, R., and Weaver, C.
Oral antigen delivery via a multiple emulsion system enhances oral tolerance. Annals of
the New York Acad Sci. 778:156-62, 1996.

18. Mestecky, J., Husby, S., Moldoveanu, Z., Waldo, B., van den Wall Bake, A.W.L. and
Elson, C.O. Induction of tolerance in humans. Effectiveness of oral and nasal
immunization routes. Annals of the New York Acad Sci. 778:194-201, 1996.

19. Elson, C.O., McCabe, R.P., Beagley, K.W., Sharmanov, A., Brandwein, S.L., et al.
Regulation of mucosal immune responses. The missing link in IBD? Can J
Gastroenterol 10:105-109, 1996.

20.  Elson, C.O. The effects of immunosuppressive agents on cytokines. Aliment Pharmacol
Ther. 10:100-105, 1996.

21. Kweon, M-N., Fujihashi, K., VanCott, J.L., Yamamoto, M., Yamamoto, S., Marinaro,
M., Elson, C.O., Kiyono, H., and McGhee, J.R. Mucosal immunity and gnotobiology:
Past accomplishments help point to future needs. In Germfree Life and its Ramifications.
K. Hashimoto et al (eds.). XII ISG Publishing Committee, Shiozawa, Japan. 1597. pp.
209-213.

22. Elson, C.O., McCabe, R.P., Weaver, C.T. and Hockett, R. Cytokines and anti-cytokines
in the therapy of inflammatory bowel disease. In Clinical Challenges in Inflammatory
Bowel Diseases. Diagnosis, Prognosis and Treatment. M. Campieri, G. Bianchi-Porro,
C. Fiocchi and J. Scholmerich (eds). Kluwer Academic Publishers. Boston. 1998. pp
232-238.

23. Elson, C.O., McCabe, R., Cong, Y., Brandwein, S., Weaver, C., Leiter, E., Sundberg, J.,

McGhee, J.R. Genetic and chemical models of IBD. In Proc. of Falk Symposium No. 96
"Inflammatory Bowel Diseases - From Bench to Bedside". Andus T, Goebell H, Layer P

U3/5



Charles O. Elson, M.D.

Page 23

Curriculum Vitae — Revised 8/22/06
and Scholmerich I (eds). Kluwer Academic Publishers, Dordrecht, Germany. 1997. pp
21-26.

24. Elson, C.O., Cong, Y., Brandwein, S., Weaver, C.T., Mahler, M., Sundberg, J.P. What
can we learn from animal models? In Proc. of V International Symposium on
Inflammatory Bowel Diseases. Falk Symposium No. 101, Jerusalem, Israel.
Rachmilewitz D (ed). Kluwer Academic Publishers, Lancaster, UK. 1998, pp 65-72.

25. Elson, C.O., Cong, Y., Brandwein, S., Weaver, C.T., Mahler, M. and Sundberg, J.
Experimental models of inflammatory bowel disease: Old hypotheses confirmed and new
paradigms generated. In Proc. of Falk Symposium No. 105, “Innovative Concepts in
Inflammatory Bowel Disease”, Rostock, Germany. Kluwer Academic Publishers,
Lancaster, UK. 1998, pp 35-42.

26. Zivny, J.H., Vu, HL., Russell, M.W., Moldoveanu, Z., Mestecky, J., and Elson, C.O.
Principles of oral tolerance. In Proc. of Falk Symposium No. 105, “Innovative Concepts
in Inflammatory Bowel Disease”, Rostock, Germany. Kluwer Academic Publishers,
Lancaster, UK. 1998, pp 90-99.

27. Oliver, A.R. and Elson, C.O. Role of mucosal adjuvants in mucosal immunization. In
Current Opinion in Gastroenterology, Vol. 14(6). Lippincott-Raven, Philadelphia. 1998.

28. Elson, C.O., Cong, Y., Brandwein, S., Weaver, C.T., McCabe, R.P., Mahler, M.,
Sundberg, J.P., Leiter, E.H. Animal models to study molecular mechanisms underlying
intestinal disease. In Proc. of International Symposium fi Intestinal Plasticity in Health
and Disease, Berlin, Germany. Kluwer Academic Publishers, Lancaster, UK. In press,
1998.

29. Elson, C.0., Cong, Y., Brandwein, S., Weaver, C.T., McCabe, R.P., Mahler, M.,
Sundberg JP, Leiter EH. Experimental models to study molecular mechanisms
underlying intestinal disease. Proceedings of Symposium Intestinal Plasticity in Health
and Disease. Ann. New York Acad Sci. 859:85-95, 1998.

30. Elson, C.O., Cong, Y., Seibold, F., Weaver, C.T. Aetiopathogenesis 1999- How to put it
all together. In: Rogler F, Kullman F, Rutgeerts P, Sartor RB, Scholmerich J, ed. IBD at
the End of its First Century. 111. Dordrecht: Kluwer, 2000: 133-141.

31. Elson, C.O., Cong, Y., Weaver, C.T. Induced mutant mouse models of inflammatory
bowel disease: new insights into disease pathogenesis. In: Modigliani R, ed. Maladies
inflammatoires cryptogenetiques de ’intestin. Inflammatory Bowel Disease. Paris: John
Libbey Eurotext, 2000: 47-55.

32. Elson C.O., Cong. Y., Igbal, N., Weaver, C.T. Immno-bacterial homeostasis in

the gut: new insights into an old enigma. Seminars in Immunol 2001, 13(3):187-
94.

AT/



Charles O. Elson, M.D.

Page 24

Curriculum Vitae — Revised 8/22/06

33.

34.

35.

36.

37.

38.

39.

40.

41.

Elson, C.O., Cong, Y., Igbal, N., McGhee, J.R., Weaver, C.T. Are lessons from
experimental models relevant for human IBD? In Inflammatory Bowel Disease. Falk
Symposium 123. D. Rachmilewitz, editor. Kluwer Academic Publishers, Lancaster. 2003.
In press.

Cong, C.0.., Konrad, A., Igbal, I. and Elson, C.O. Probiotics and immune regulation of
inflammatory bowel diseases. Current Drug Targets - Inflammation and Allergy 2003,
2:145-154.

Elson CO, Cong Y, Konrad A, Igbal N and Weaver CT. Regulatory T cells in
animal models: therapeutic potential. Jn Proceedings of Falk Symposium 133.
Mechanisms of Inestinal Inflammation. Implications for Theapeutic Intervention
in IBD. Duchmann R, Blumberg RS, Neurath MF, Scholmerich J, Strober W and
Zeitz M, eds. Kluwer Academic Publishers, Dordrecht, The Netherlands. 2004,
100-106.

Elson CO, Cong Y, Lorenz R and Weaver CT. New developments in
experimental inflammatory bowel disease. Curr Opin Gastroenterol. 2004;
20:360-7.

Moldoveanu Z, Oliver F, Mestecky J, Elson CO. Oral tolerance in humans:
failure to suppress an existing immune response by oral antigen administration.
Ann N'Y Acad Sci. 2004; 1029:299-309.

Cong Y, Liu C, Weaver CT and Elson CO. Early upregulation of T cell IL-10
production plays an important role in oral tolerance induction. Ann N'Y Acad
Sci. 2004; 1029:319-20.

Elson CO, Cong Y, McCracken V], Dimmitt RA, Lorenz RG, Weaver CT.
Experimental models of inflammatory bowel disease reveal innate, adaptive, and
regulatory mechanisms of host dialogue with the microbiota. Immunol Rev.
2005; 206:260-76.

Lorenz RG, McCracken VJ, Elson CO. Animal models of intestinal
inflammation: ineffective communication between coalition members.
Springer Semin Immunopathol. 2005; 27:233-47.

From Cheese to Pharma: A Designer Probiotic for IBD. Clin Gastroenterol
Hepatol. 2006 Jul;4(7):836-7.

EDITORIALS/COMMENTARIES

1.

2.

Elson, C.O. T cells specific for IgA switching and for IgA B cell differentiation.
Immunology Today 4:189, 1983.

Elson, C.O. Is IgA production T cell dependent? Immunology Today 5:5, 1984.

@Q&S/7



Charles O. Elson, M.D,

Page 25
Curriculum Vitae — Revised 8/22/06
3. Elson, C.O. Specialized receptors for antigens on gut epithelial T cells. Selected

Summary. Gastroenterology. 97: 1341-2, 1989

4. Elson, C.O. Interleukin-5 stimulates IgA secretion. Selected Summary.
Gastroenterology. 97: 946-9, 1989

5. Elson, C.O. Is there a primary defect in the host defense mechanism in IBD? In
Inflammatory Bowel Diseases 1990. Proceedings of the Third International Symposium
on Inflammatory Bowel Diseases, Jerusalem, Israel. Rachmilewitz D and Zimmerman J,
eds. Kluwer Academic Publishers, 1990, pp 59-63.

6. Elson, C.O. Immunosuppressive Drugs: Do they have a role in the treatment of IBD? In
Inflammatory Bowel Diseases 1990. Proceedings of the Third International Symposium
on Inflammatory Bowel Diseases, Jerusalem, Israel. Rachmilewitz D and Zimmerman J,
eds. Kluwer Academic Publishers, 1990, pp 235-241.

7. Elson, C.O. Do organ-specific suppressor T cells prevent autoimmune gastritis?
Gastroenterology 98:226-229, 1990.

8. Elson, C.0. Cytokines can make you sick - or keep you well. Selected Summary.
Gastroenterology. 98: 536-8, 1990

9. Elson, C.0. Cyclosporine in Crohn's Disease-- Low Doses Won't Do It. Selected
Summary. Gastroenterology 98: 1383-4, 1990.

10. Elson, C.O. Primary Biliary Cirrhosis in a Mouse? Selected Summary.
Gastroenterology 99:1181-3, 1990.

11.  Elson, C.O. Interleukin-10 and Counting. Selected Summary. Gastroenterology
100:1778-80, 1991.

12. Holland, S.P. and Elson, C.O. Oral tolerance and autoimmunity. Practical
Gastroenterology 27:19-22, 1993.

13.  Elson, C.O. Future therapy of IBD. Mucosal Immunology Update. Raven Press, NY.
1994. pp 17-19.

14. Elson, C.0. Methotrexate and 6-mercaptopurine in chronic active Crohn’s disease - The
dose is the key. In Advances in Gastroenterology, Hepatology and Clinical Nutrition.
Lippincott-Raven, Philadelphia. 1998.

15. Elson, C.O. Commensal bacteria as targets in Crohn’s disease [editorial; comment].
Gastroenterology 2000; 119(1): 254-7.

16. Elson, C.O. Genes, microbes, and T cells-new therapeutic targets in Crohn's
disease. New Engl J Med. 2002, 346(8):614-6.

D003/ §



Charles O. Elson, M.D.

Page 26

Curriculum Vitae — Revised 8/22/06

17. Elson, C.O., Sartor, R.B., Targan, S.R., Sandborn, W.J. Challenges in IBD

Research: updating the scientific agendas. Inflammatory Bowe] Diseases
2003:9:137-53,

ABSTRACTS:

1. Elson, C.O., Reilly, R.W., Rosenberg, .LH. Small intestinal injury in the graft versus host
reaction: an innocent bystander phenomenon. Clinical Research 23:518, 1975.
Presented at the Central Society for Clinical Research meetings, Chicago, IL, November
1975.

2. Elson, C.O., Layden, T., Nemchausky, B., Rosenberg, J., and Rosenberg, I. An
evaluation of total parenteral nutrition (TPN) in the management of inflammatory bowel
disease (IBD). Gastroenterology 71:882, 1976.

3. Elson, C.O., Heck, J.A., Strober, W. Age-related changes in the T cell regulation of
murine IgA biosynthesis. Gastroenterology 74:1031, 1978.

4, Hague, N.E., Arnaud-Battandier, F., Elson, C.O., Lum, L. and Strober, W. Tissue
distribution of IgA-Fc receptors (IgbA-FcR). Federation Proceedings 38:1287, 1979.
Presented at the American Association of Immunologists meeting, Dallas, TX, April
1979.

5. James, S.P., Elson, C.O., Jones, E.A., and Strober, W. Abnormal regulation of
immunoglobulin synthesis in vitro in primary biliary cirrhosis. Gastroenterology
76:1286, 1979. Presented at the American Gastroenterological Association meeting, New
Orleans, LA, May 1979.

6. Elson, C.O., Yarchoan, R., Graeff, A., and Strober, W. Lipopolysaccharide (LPS)
induced murine IgA synthesis is T cell dependent. Federation Proceedings 39:916, 1980.
Presented at the American Association of Immunologists meeting, Anaheim, CA, April
1980.

7. Elson, C.O., Graeff, A.S., James, S.0. and Strober, W. Reactive suppressor T cells in
Crohn's disease. Clinical Research 28:275, 1980. Presented at the American Federation
for Clinical Research meeting, Washington, DC, May 1980.

8. James, S.P., Elson, C.O., Jones, E.A., Strober, W. Decreased primary proliferative
response to TPN modified self antigens in primary biliary cirrhosis. Gastroenterology
79:1028, 1980. Presented at the American Association of Liver Diseases meeting,
Chicago, November 1980.

9. James, S.P., Elson, C.0O., Waggoner, J.G., Jones, E.A., and Strober, W. Deficiency of the
autologous mixed lymphocyte reaction in primary biliary cirrhosis. Gastroenterology

o375



Charles O. Elson, M.D.

Page 27

Curriculum Vitae — Revised 8/22/06
79:1100, 1980. Presented at the International Association for the Study of Liver Diseases
meeting, Chicago, IL, November 1980.

10. Elson, C.O., Graeff, A.S., James, S.J., Berendson, R.A. and Strober, W.
Hypogammaglobulinemia secondary to Crohn's disease. Clinical Research 29:365, 1981.

11. Smith, P.D., Elson, C.O., Keister, D.B., Nash, T.E. Human peripheral blood monocytes
are spontaneously cytotoxic for Giardia lamblia (GL) in vitro. Gastroenterology 80:1288,

1981. Presented at the American Gastroenterological Association meeting, New York,
NY, May 1981.

12.  Smith, P.D,, Keister, D.B. and Elson, C.O. Human peripheral blood (PB) granulocytes
(GR) are cytotoxic for Giardia lamblia (GL) in the presence of antibody.
Gastroenterology 82:1183, 1982. Presented at the American Gastroenterological
Association meeting, Chicago, IL, May 1982.

13. Elson, C.O. and Ealding, W. Cholera toxin may be a unique oral protein immunogen.
Federation Proceedings 42:685, 1983. Presented at the American Association of
Immunologists meeting, Chicago, IL, April 1983.

14.  Smith, P.D., Elson, C.O., Wahl, S.M. Human monocyte recruitment by and phagocytosis
of Giardia lamblia. Federation Proceedings 42:857, 1983. Presented at the American
Association of Immunologists meeting, Chicago, IL, April 1983,

15. Graham, M.F., Elson, C.O., Keathley, P.S., Diegelmann, R.F. Characterization of the
connective tissue response in the stricture formation of Crohn's disease. Gastroenterology
84:1172, 1983.

16. Elson, C.O., Machelski, E., Weiserbs, D.B. T cell-B cell regulation in the intestinal
lamina propria in Crohn's disease. Gastroenterology 84:1348, 1983. Presented at the
American Gastroenterological Association meeting, Washington, DC, May 1983.

17. Weiserbs, D.B. and Elson, C.O. Abnormal T cell-T cell communication in the lesions of
active Crohn's disease. Gastroenterology 84:1145, 1983. Presented at the Plenary
Session of the American Gastroenterological Association meeting, Washington, DC, May
1983.

18. Graham, M.F., Elson, C.O., Diegelmann, R.F., Erlich, H.P. Isolation, culture and
characterization of human intestinal smooth muscle cells. Fed. Proc. 43:522, 1984.
Presented at the annual meeting of the Proceedings of the Society for Experimental
Biology and Medicine, 1984.

19. Graham, M.F., Elson, C.O., Diegelmann, R.F., Gay, S. and Gay, R. Abnormal
accumulation of basement membrane (Type IV) and cytoskeletal (Type V) collagens in
the strictures of Crohn's disease: The probable role of intestinal smooth muscle cells.
Gastroenterology 86:1096, 1984. Presented at the American Gastroenterological
Association meeting, New Orleans, LA, May 1984.

A370



Charles O. Elson, M.D.
Page 28
Curriculum Vitae - Revised 8/22/06

20. Graham, M.F,, Elson, C.O., Diegelmann, R.F., and Erlich, H.P. Isolation, culture and
characterization of human intestinal smooth muscle cells (HISMC). Federation
Proceedings 43:522, 1984. Presented at the Society for Experimental Biology and
Medicine meeting, St. Louis, MO, April 1984,

21. Elson, C.O., and Ealding, W. Cholera toxin feeding did not induce oral tolerance in mice
and abrogated oral tolerance to an unrelated protein antigen. Federation Proceedings
43:1978, 1984. Presented at the American Association of Immunologists meeting, St.
Louis, MO, June 1984.

22.  Elson, C.O. and Ealding, W. Genetic control of the immune response to cholera toxin.
Federation Proceedings 44:968, 1985. Presented at the American Association of
Immunologists meeting, Anaheim, CA, April 1985.

23. Lee, A., Sugerman, H. and Elson, C.O. A comparison of the functional properties of the
T8+ T cell subset in human intestinal lamina propria (LP) and peripheral blood (PB).
Gastroenterology 88:1469, 1985. Presented at the American Gastroenterological
Association meeting, New York, NY, May 1985.

24.  Woogen, S.D., Ealding, W., and Elson, C.O. Lack of secretory IgA response after
feeding protein antigens able to bind to intestinal mucosa. Gastroenterology 88:1636,
1985. Presented at the American Gastroenterological Association meeting, New York,
May 1985.

25. Graham, M.F., Drucker, D.E.M., Diegelmann, R.F., and Elson, C.O. High rate of
collagen synthesis by human intestinal smooth muscle (HISM) cells in vitro is resistant to
inhibition by dexamethasone. Gastroenterology 88:1402, 1985.

26. Drucker, D.E.M., Graham, M.F., Diegelmann, R.F. and Elson, C.O. The high rate of
collagen synthesis by human intestinal smooth muscle (HISM) cells is resistant to
inhibition by corticosteroids. J. Cell. Biol. 101:95A, 1985.

27. Gaspari, M.M., Brennan, P.T., and Elson, C.O. A method of obtaining, processing and
analyzing human intestinal secretions for antibody content. Gastroenterology 90:1424,
1986. Presented at the American Gastroenterological Association meeting, San
Francisco, CA, May 1986.

28. Lee, A., Sugerman, H., Hempfling, S.H., and Elson, C.O. A functional comparison of
human intestinal lamina and peripheral blood CD4 (OKT4) helper T cells.
Gastroenterology 90:1514, 1986. Presented at the American Gastroenterological
Association meeting, San Francisco, CA, May 1986.

29. Woogen, S.D., Ealding, W., and Elson, C.O. Inhibition of murine T cell proliferation by

the B subunit of cholera toxin. Gastroenterology 90:1782, 1986. Presented at the
American Gastroenterological Association meeting, San Francisco, CA, May 1986.

A3/



Charles O. Elson, M.D.

Page 29

Curriculum Vitae — Revised 8/22/06

30. Graham, M.F., Elson, C.O. and Diegelmann, R.F. Increased proportions of type V and
type I trimer collagens in the intestinal strictures of Crohn's disease. Gastroenterology
90:1436, 1986. Presented at the American Gastroenterological Association meeting, San
Francisco, CA, May 1986.

31. Elson, C.O., Ealding, W.: The murine secretory IgA response to cholera toxin is under
genetic control. Proceedings of the 6th International Congress of Immunology, Toronto,
Canada, 1986, p. 45.

32. Elson, C.O. Cholera toxin (CT) as a mucosal adjuvant - the effect of H-2 genes. Fed.
Proc. 46, 1778, 1987. Presented at Annual Meeting of American Association of
Immunologists, 1987.

33. Graham, M.F., Diegelmann, R.F., Lindblad, W.J. and Elson, C.O. Increased collagen
content and type V collagen in the strictures of Crohn's disease. Gastroenterology
92(5):1412, 1987. Presented at American Gastroenterological Association annual
meeting, May 1987.

34, Perr, H.A., Graham, M.F. Diegelmann, R.F, and Elson, C.O. Cyclic AMP
downregulates collagen synthesis by human intestinal smooth muscle cells.
Gastroenterology 92(5):1573, 1987.  Presented at American Gastroenterological
Association annual meeting, May 1987.

35. Solomon, S.M. and Elson, C.O. The effect of molecular conformation on the
immunologic properties of cholera toxin B subunit. Gastroenterology 94(5):A435, 1989.
Presented at American Gastroenterological Association annual meeting, May 1989.

36.  Beagley, K.W., Cummings, O.W. and Elson, C.O. Experimentally-induced colitis in
mice. Gastroenterology 98(5):A438, 1990. Presented at American Gastroenterological
Association annual meeting, May 1990.

37. Woogen, S.D., Turo, K. and Elson, C.O. Mechanism of T cell inhibition by cholera toxin
B subunit (CTB). Gastroenterology 98(5):A480, 1990. Presented at American
Gastroenterological Association annual meeting, May 1990.

38. Elson, C.O., Holland, S. and Woogen, S. Preferential inhibition of the CD8+ T cell
subset by cholera toxin and its B subunit. FASEB J. 4: A1864, 1990. Presented at
Annual Meeting of American Association of Immunologists, 1990.

39. Beagley, K.W., Cummings, O.W. and Elson, C.O. Cytokine production during
experimentally induced colitis. FASEB J. 4: A1869, 1990. Presented at Annual Meeting
of American Association of Immunologists, 1990.

40. Elson, C.O. and Bowdon, H. T-cell recognition of cholera toxin B subunit. FASEB J
5:A1096, 1991. Presented at Annual Meeting of American Association of
Immunologists, 1991.

pOOZF



Charles O. Elson, M.D.

Page 30

Curriculum Vitae — Revised 8/22/06

41. Lue, C., Prince, S.J., van den Wall Bake, A.W.L., Julian, B.A., Elson, C.O. and
Mestecky, J. Immunoglobulin-positive cells are present in the human peritoneal cavity.
FASEB J 5:A1694, 1991. Presented at Annual Meeting of American Association of
Immunologists, 1991.

42.  Dertzbaugh, M. and Elson, C. The effect of peptide additions on the structure and
function of the B subunit of cholera toxin. FASEB J 5:A1096, 1991. Presented at
Annual Meeting of American Association of Immunologists, 1991.

43, Baron, T.H., Truss, C.D,. Elson, C.O. Steroid sparing effect of oral methotrexate in
refractory inflammatory bowel disease. Gastroenterology 100(5):A195, 1991. Presented
at American Gastroenterological Association annual meeting, May 1991.

44, Beagley, K.W., Black, C.A,, Elson, C.O. Strain differences in susceptibility to TNBS-
induced colitis.  Gastroenterology 100(5):A560, 1991. Presented at American
Gastroenterological Association annual meeting, May 1991.

45.  Dieleman, L.A., Beagley, K.W., Elson, C.O. The effect of prednisolone, 5-aminosalicylic
acid, 6-mercaptopurine and methotrexate on monocyte-derived inflammatory cytokine
expression of human mononuclear cells. Gastroenterology 100(5):A575, 1991. Presented
at American Gastroenterological Association annual meeting, May 1991.

46.  Dertzbaugh, M.T. and Elson, C.O. Comparison of oral immunogenicity of a foreign
peptide when coupled to cholera toxin B subunit or to alkaline phosphatase. FASEB J
6:A1229, 1992. Presented at Annual Meeting of American Association of
Immunologists, 1992.

47, Stransky, G., Bowdon, H., Vernon, J., Gay, S., Elson, C.O. Clathrin-independent
endocytosis of cholera toxin B subunit (CT-B) by T-lymphocytes. FASEB J 6:A1983,
1992. Presented at Annual Meeting of American Association of Immunologists, 1992.

48. Dieleman, L.A., Elson, C.O., Tennyson, G.S. and Beagley, K.W. Cytokine expression
during acute colonic injury in mice. Gastroenterology 102:A616, 1992. Presented at
American Gastroenterological Association annual meeting, May 1992.

49. Husby, S., Elson, C.O., Moldoveanu, Z. and Mestecky, J. Oral tolerance in humans. T
cell tolerance but not B cell tolerance to a soluble protein antigen. Gastroenterology
102:A640, 1992. To be presented at American Gastroenterological Association annual

meeting, May 1992.

50. Birkenmeier, E.H., Sundberg, J.P, and Elson, C.O. A heritable form of colitis in mice.
Gastroenterology 102:A596, 1992. Presented at American Gastroenterological
Association annual meeting, May 1992.

51. Beagley, L.W., Fujihashi, K., Lagoo, A.S. and Elson, C.O. Regional differences in
mucosal lymphoid cells of murine small vs. large intestine. Gastroenterology 102:A593,
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1992.  Presented at American Gastroenterological Association annual meeting, May
1992.

52. Dieleman, L.A., Ridwan, B.U., Tennyson, G.W.. Beagley, K.W. and Elson, C.O. Dextran
sodium sulfate (DSS)-induced colitis occurs in sever combined immunodeficient (SCID)
mice. Gastroenterology 104:A692, 1993. To be presented at American
Gastroenterological Association annual meeting, May 1993.

53.  Holland, S.P. and Elson, C.O. Cholera toxin as an adjuvant: augmentation of a Th2 T
cell response to parenteral antigen. Gastroenterology 104:A714. 1993. To be presented
at American Gastroenterological Association annual meeting, May 1993. :

54, McCabe, R.P., Mills, T., Ridwan, B., Dadrat, A., Thaggard, G., Beagley, K., Birkenmeier,
E., Sundberg, J. and Elson, C.O. Immunologic reactivity in C3H/He] mice with
spontaneous colitis.  Gastroenterology 104:A739, 1993. Presented at American
Gastroenterological Association annual meeting, May 1993.

55. Sharmanov, A., McGhee, J.R., Beagley, K., Fujihashi, K., Kiyono, H., Lagoo, A. and
Elson, C.O. Cytokine secretion by intraepithelial (IEL) and lamina propria lymphocytes
(LPL) from murine small bowel (SB) and large bowel (LB). Gastroenterology 104:A780,
1993.  Presented at American Gastroenterological Association annual meeting, May
1993.

56. Brandwein, S.L., McCabe, R.P., Dadrat, A., Ridwan, B.U., Birkenmeier, E.H., Sundberg,
J.P. and Elson, C.O. Immunologic reactivity of colitic C3H/HeJBir mice to enteric
bacteria. Gastroenterology 106:A656, 1994. Presented at American Gastroenterological
Association annual meeting, May 1994.

57. Hanauer, S., Powers, B., Robinson, M., Elson, C., DeMicco, M., et. al. Maintenance or
remission of ulcerative colitis by mesalamine (Asacol) vs placebo. Gastroenterology
106:A696, 1994. Presented at American Gastroenterological Association annual meeting,
May 1994,

58. Brandwein, S.L. and Elson, C.O. Sera from rats with peptidoglycan-polysaccharide
enteritis demonstrates reactivity to proteins that are found in PG-PS preparations.
Gastroenterology 106:A700, 1994, Presented at American Gastroenterological
Association annual meeting, May 1994,

59, McCabe, R.P., Sharmanov, A., Birkenmeier, E., Sundberg, J. and Elson, C.O. Mucosal
immune abnormalities in C3H/HeJBir mice with susceptibility to colitis.
Gastroenterology 106:A731, 1994.  Presented at American Gastroenterological
Association annual meeting, May 1994,

60. Peppercorn, M., Das, K., Elson, C., Geraci, K., et. al. Zileuton, a 5-lipoxygenase
inhibitor, in the treatment of active ulcerative colitis: A double-blind, placebo-controlled
trial. Gastroenterology 106:A751, 1994. Presented at American Gastroenterological
Assoctiation annual meeting, May 1994.
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61. Sharmanov, A., Elson, C.O., Tennyson, G.S., Beagley, K.W., Ridwan, B.U,, et al.
TNBS-specific oral tolerance protects from hapten-induced colitis. Gastroenterology

106:A772, 1994. Presented at American Gastroenterological Association annual meeting,
May 1994.

62. Zhang, T., Stanley, S.L., Elson, C.O., Dertzbaugh, M.T. and Li, E. Construction of a
recombinant oral vaccine to prevent Entamoeba histolytica infection. Gastroenterology

106:A795, 1994. Presented at American Gastroenterological Association annual meeting,
May 1994.

63. Brandwein, S.L., McCabe, R.P., Ridwan, B.U., Waites, K.B., Birkenmeier, E.H.,
Sundberg, J.P. and Elson, C.O. Spontaneously colitic C3H/HeJBir mice demonstrate
antibody reactivity to isolated colonies of enteric bacteria. Gastroenterology 108:A787,
1995. Presented at American Gastroenterological Association annual meeting, May
1995.

64. Sninsky, C., Hanauer, S., Powers, B., Robinson, M., Mayle, R., Elson, C., et al. Sensitive
markers of renal dysfunction are elevated in chronic ulcerative colitis (CUC).
Gastroenterology 108:A919, 1995. Presented at American Gastroenterological
Association annual meeting, May 1995.

65. Thaggard, W.G., Tomasi, M., Dean, P.A., Weaver, C.T. and Elson, C.O. Induction of
oral tolerance (OT) in T cell receptor transgenic mice. Gastroenterology 108:A928, 1995.
Presented at American Gastroenterological Association annual meeting, May 1995.

66. Tomasi, M., Dertzbaugh, M. and Elson. Enhancement of oral tolerance induction by a
multiple emulsion system of antigen delivery. Clin Immunol and Immunopathol
76:8121, 1995. Presented at 8th International Congress of Mucosal Immunology, July
1995.

67. Cong, Y., Brandwein, S.L., McCabe, R.P., Ridwan, B.U., Birkenmeier, E.H., Sundberg,
J.P. and Elson, C.O. Thl response to enteric bacteria in colitic C3H/HeJBir mice. Clin
Immunol and Immunopathol 76:544, 1995. Presented at 8th International Congress of
Mucosal Immunology, July 1995.

68. Cong, T., Brandwein, S.L., Lazenby, A., McCabe, R.P., Birkemener, E.H., Sundberg, J.P.
and Elson, C.O. Thl CD4+ T cell reactivity to enteric bacterial antigens in colitis
C3H/HeJBir mice. Gastroenterology 110:A887, 1996.

69. Seibold, F., Cong, Y., McCabe, R.P., Weaver, C. and Elsdn, C.0. Colonic IEL appear to
be less activated than small intestinal IEL. Gastroenterology 110:A1012, 1996.

70. Seibold, F., Brandwein, S., Simpson, S. and Elson, C.O. pANCA-like reactivity in IL-10
knockout mice. Gastroenterology 110:A1012, 1996.
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71.

72.

73.

74.

75.
76.

77.

78.

79.

80.

81.

82.

McCabe, R.P., Woody, J., van Deventer, S., Targan, S., Mayer, L., van Hogezand, R.,
Rutgeerts, P., Hanauer, S.B., Podolsky, D. and Elson, C.O. A multicenter trial of cA2
anti-TNF chimeric monoclonal antibody in patients with active Crohn's disease.
Gastroenterology 110:A962, 1996.

McCabe, R.P., Birkenmeier, E., Sundberg, J. and Elson, C.O. Altered response to
mucosal immunization in C3H/HeJBir mice with susceptibility to colitis.
Gastroenterology 110:A961, 1996.

van Deventer, S.J.H., Elson, C.O., Fedorak, R.N. and the IL-10 IBD cooperative study
group. Safety, tolerance, pharmacokinetics and pharmacodynamics of recombinant
interleukin-10 (SCH 52000) in patients with steroid refractory Crohn's disease.
Gastroenterology 110:A1034, 1996.

Zivny, J.H., Russell, M.W., Vu, H.L., Moldoveanu, Z., Mestecky, J. and Elson. C.O.
Multiple mechanisms of oral tolerance to food antigens in humans. FASEB J 10:A1192,
1996.

Seibold, F., McCabe, R.P., Weaver, C. and Elson, C.O. Differences in phenotypes and
activation markers in different compartments of the intestine. FASEB J 10:A1076, 1996.

Cong, Y. and Elson. C.O. Cholera toxin enhances costimulatory activity of macrophages
by differentially regulating B7.1 and B7.2 expression. FASEB J 10:A1981, 1996.

Weaver, C.T., Saparov, A., Marwill, J.S., Elson, C.O., Bucy, R.P. and Kraus, L.A.
Tolerization of ovalbumin-specific -TCR transgenic cells in adoptively transferred
mice by the feeding of ovalbumin. FASEB J 10:A1192, 1996.

Saparov, A., Kraus, L.A., Marwill, J.S., Bucy, R.P., Elson, C.O. and Weaver, C.T. In
vivo analysis of CD4+ T cell responses to oral immunization. FASEB J 10:A1418, 1996.

Kantele, A., Zivny, J.H., Hakkinen, A., Thaggard, G., Lazarovits, A., Moldoveanu, A.,
Elson, C.O. and Mestecky, J. Mucosally activated circulating human T cells express the
gut homing receptor a437. FASEB J 10:A1418, 1996.

Seibold, F., Kraus, L., Saparov, A., Weaver, C. and Elson, C.O. The colon is a very
efficient route for the induction of immunologic tolerance. Gastroenterology 112:A1087,

1997.

Seibold, F., Seibold-Schmid, B., Weaver, C. and Elson, C.O. Regulation of L-selectin
expression on lymphocytes in the intestine. Gastroenterology 112:A1087, 1997.

Cong, Y., McCabe, R.P., Seibold, F., Harmon, S., Lazenby, A., Sundberg, J.P. and Elson,

C.O. Clonal restriction of colitis-inducing, enteric bacterial antigen-specific CD4+ T
cells. Gastroenterology 112:A951, 1997.
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83. Mahler, M., Sundberg, J.P., Birkenmeier, E.H., Bristol, LJ., Elson, C.O. and Leiter, E.H.
Chromosomal location of genes determining susceptibility of mice to dextran sulfate
sodium (DSS)-induced colitis. Gastroenterology 112:A1031, 1997.

84. Cong, Y., Weaver, C.T., Lazenby, A., Sundberg, J.P. and Elson, C.O. Focal vs diffuse
colitis: localization of lesions in CD4+ T cell-mediated experimental IBD.
Gastroenterology 114:A954, 1998.

8S. Fedorak, R.N., Gangl, A., Elson, C.O., vanDeventer, S.J.H., Grint, P., and IL-10 IBD
Cooperative Study Group. Safety, tolerance and efficacy of multiple doses of
subcutaneous interleukin-10 in mild to moderate active Crohn’s disease (STAMM-CD).
Gastroenterology 114:A974, 1998.

86. Bristol, I.J., McElwee, K., Sundberg, J.P., Leiter, E.H., Cong, Y., and Elson, C.O.
Genetic control of secretory IgA responses in mice. Gastroenterology 114:A943, 1998.

87. Bristol, 1.J., Mahler, M., Sundberg, J.P., Leiter, E.H., Cong, Y. and Elson, C.O. Severe,
early colitis in C3H/HeJBir-IL-10-deficient mice. Gastroenterology 114:A943, 1998.

88.  Seibold, F., Weaver, C., Scheurlen, M., and Elson, C.O. Enhanced induction of
immunologic tolerance after breaking the colonic mucosal barrier. Gastroenterology
114:A1082, 1998.

89. Cong, Y., Weaver, C.T., Elson, C.O. Murine macrophages as adjuvant for Thl immune
response to soluble protein antigens: Enhancement of Thl and stimulation of Th2
responses by cholera toxin (CT). FASEB J 13:A287, 1999.

90. Maeda, H., Seibold, F., Saparov, A., Elson, C.O. and Weaver, C.T. Rapid peripheral T
cell activation and cytokine deviation in response to tolerogenic mucosal antigen.
FASEB J 13:A609, 1999.

91. Igbal, N., Oliver, J.R., McCabe, R.P., Elson, C.O., and Weaver, C.T. B7-1 expression on
intestinal epithelium prevents oral tolerance induction. FASEB J 13:A606, 1999.

92. Cong, Y., Weaver, C.T., Nguyen, H., Lazenby, A., Sundberg, J.P., and Elson, C.O.
CD8+ T cells, but not B cells inhibit enteric bacterial antigen-specific CD4+ T cell-
induced colitis. Gastroenterology 116:A690, 1999.

93. Cong, Y., Weaver, C.T., Lazenby, A., Sundberg, J.P., and Elson, C.O. Increased mucosal
IL-12 production mediates enteric bacterial antigen-specific CD4+ T cell-induced colitis
and requires CD40-CD40L interaction. . Gastroenterology 116:A691, 1999.

94. van Montfrans, C., van de Ende, A., Fedoral, R.N., Gangle, A., Elson, C.O,, et al. Anti-

and proinflammatory effects of interleukin-10 in mild to moderate Crohn’s disease.
Gastroenterology 116:A777, 1999.
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95, Cong, Y., Weaver, C.T., Lazenby, A., and Elson, C.O. T-regulatory-1 (Trl) cells that
prevent CD4+ T cell colitis inhibit the antigen-presenting function and IL-12 production
of dendritic cells. Gastroenterology 120:A38, 2001.

96. Farmer, M.A., Leiter, E.H., Churchill, G.A., Sundberg, J.P., and Elson, C.0O. Complex
interactions among modifier genes controlling colitis severity in IL-10 deficient mice.
Gastroenterology 120:A36, 2001.

97. Konrad A., Cong, Y., Duck, W., and Elson, C.O0. The dominant immune response to
intestinal bacterial antigens is ignorance, rather than tolerance. Gastroenterology
124;A60, 2003.

08. Cong, Y., Duck, W., Fenzxia, Q., Stahlbunk S., and Elson, C.O. Alteration of enteric
biota by T cell-induced chronic colitis. Gastroenterology 124;A318, 2003.

99, Mannon, P., Fuss, I, Mayuer, L., Elson, C.O., Sandborn, W.J., Dolin, B, et al. Anti-
interleukin-12 treats active Crohn's disease. Gastroenterology 126; A22, 2004.

100. Beckwith, J., Cong, Y., Sundberg, J.P., Elson, C.O., and Leiter, E.H. A colitis
susceptibility gene locus regulates the CD4" T cell immune response to bacterial antigens.
Gastroenterology 126: A45, 2004.

101. Konrad, A., Cong, Y., Igbal, N., and Elson, C.O. Antigen-specific regulatory T cells
generated by Nf-kB blocked dendritic cells prevent Thl triggered colitis.
Gastroenterology 126; A79, 2004.

102. Cong, Y., Hershberg, R., and Elson, C.O. CBirl flagellin is a dominant enteric bacterial
antigen that activates pathogenic CD4+ Thl cell responses in vivo. Gastroenterology
126; A83, 2004.

103. Targan, S.R., Landers, C.J., Lodes, M., Cong, Y., Elson, C.O., and Hershberg, R.
Antibodies to a novel flagellin (CBirl) define a unique serologic response in Crohn's
disease (CD). Gastroenterology 126; A113, 2004.

104. Cong, H., Beckwith, 1., Leiter, E.H., Hershberg, R.M., and Elson, C.O. Impaired Nf-kB
signaling as potential susceptibility factor for experimental colitis. Gastroenterology 126;
A419, 2004.

105. Morris, B., Cong, Y., Weaver, C.T., and Elson, C.O. High levels of bacterial-reactive
Treg activity in the lamina propria of colitis-resistanct C57BL/6 mice. Gastroenterology
128; A614, 200S5.

106. Papadakis, K., Yang, H., Elson, C.O., Hershberg, R., Vasilauskas, E., et al. Anti-flagellin

(anti-CBir1) phenoptypic and genetic Crohn's disease (CD) associations.
Gastroenterology 128; Al, 2005.
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107.

108.

Cong, Y., Konrad, A., Wang, L., Weaver, C.T. and Elson, C.O. IL-23 differentially
regulates inducation of antigen-specific CD4+ regulatory T cells that inhibit Thl colitis.
Gastroenterology 128; A21, 2005.

Cong, Y., Hershberg, R.M., Landers, C., Targan, S.R., and Elson, C.O. Seroreactivity to
a cluster of commensal flagellins in Crohn's disease. Gastroenterology 128; A55, 2005.
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CURRICULUM VITAE

PART I: General Information

DATE PREPARED:

Name:

January 23, 2006

Cathryn Nagler

Office Address: Mucosal Immunology Laboratory

T |>) ()

E-Mail:

Mass. General Hospital East, Room 3600
Building 114, 16th Street
Charlestown, MA 02129
Tel. 617-726-4161

cnagleranderson@partners.org FAX: 617-726-4172

Place of Birth: Brooklyn, New York

Education:

1979 B.A.

Barnard College, Columbia University

New York, N.Y. .

1983 M.S.
1986 Ph.D.

Postdoctoral Training:

1986-1989
1989-1990

Academic Appointments:

New York University, Sackler Institute of Graduate Biomedical Science
New York, N.Y. (Immunology)
New York University, Sackler Institute of Graduate Biomedical Science
New York, N.Y. (Immunology)

Postdoctoral Fellow, MIT Center for Cancer Research
Postdoctoral Associate, MIT Center for Cancer Research

1989-1991 Tutor in Biology, Harvard University

1990 Assistant Professor of Pediatrics (Immunology), Harvard Medical School

1995- Executive Steering Committee and Co-Director, Immunology Core, Mass. General
Hospital Center for the Study of Inflammatory Bowel Disease

1995-2005 Co-Director, Morphology/Tissue Culture/Immunology/Flow Cytometry Core

Clinical Nutrition Research Center at Harvard

2001 Associate Professor of Pediatrics (Immunology), Harvard Medical School

Hospital Appointments:

1990 Associate Immunologist, Children's Service, Mass. General Hospital

Major Committee Assignments

1992-
1995 -1998
1998-

2001-
2004-

2005-
2005-

MGH Subcommittee on Immunology

Committee for Immunology Graduate Student Qualifying Exams, HMS

Re-elected to membership in the Committee of Immunology at Harvard

Medical School

Member, Grant Review Committee, Crohn’s and Colitis Foundation of America

Block Chair, Regional and Mucosal Immunology, American Association of
Immunologists

Ad hoc reviewer, NIH Gastrointestinal Mucosal Pathobiology Study Section

Chair, Mucosal Immunology Abstract Review, American Association of Gastroentologists
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Professional Societies

1990- American Association of Immunologists
1990- Society for Mucosal Immunology
1998- American Gastroenterological Association
Editorial Boards:
1990- Ad Hoc Reviewer:
Journal of Immunology
Gastroenterology

International Immunology

Immunological Letters

Nature Medicine

Clinical Immunology and Immunopathology

Clinical Immunology

Gut

Lancet

American Journal of Physiology — Gastrointestinal and Liver Physiology
Cellular Immunology

Grant review for:

Crohn's and Colitis Foundation of America, Broad Medical Foundation (US), The Wellcome Trust (U.K.), Swiss National
Science Foundation, V.A. Merit Review Board (U.S.), National Institutes of Health (U.S.),

Raine Medical Research Foundation (Australia)

2001-2003 Associate Editor, Journal of Immunology
2003- Section Editor, Journal of Immunology

Awards and Honors:

1979 Honors in Biology, Barnard College

1981 NIH Research Scientist Training Fellowship in Viral Oncology and Immunology,
New York University School of Medicine

1986 NIH Training Fellowship in Immunology, M.LT.

1988 National Research Service Award, NIAID

1990 Carcer Development Award, National Foundation for Ileitis & Colitis

1990 Roche II Award for Research in Autoimmunity, Harvard Medical School

1995 NIH First Independent Research Support and Transition (FIRST) Award

2006 Member, Food Allergy Expert Panel

Part II: Research, Teaching and Clinical Contributions

A. Funding Information

Past:
1990-1992 Career Development Award, National Foundation for Ileitis & Colitis,
P.I, "Cytolytic T Cell Response to Stress Proteins in IBD"
1990-1993 Harvard Medical School/Hoffman La Roche Award for Research in Autoimmunity
P.1, " Autoimmunity to Stress Proteins"
1990 MGH/NERPC Center for the Study of Inflammatory Bowel Disease/Pilot Feasibility
P.L "Heat Shock Proteins and Cytolytic T Cells in the Pathogenesis of IBD"
1992-1993 MGH Interim Support Fund
P.L "Cytolytic T Cell Response to Stress Proteins in IBD"
1994 Milton Fund
P.I "Mechanisms of orally-induced immunologic non-responsiveness"

1994-1997 NIH/RO1
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Co-P.I. "Inflammatory Bowel Disease in TCR mutant mice"

1994-1999 NIH/PO1
Co-Director, Tissue Culture/Morphology Core

Co-P.IL (Project 1) "Uptake of Intestinal Macromolecules"
1995-2000 NIH/R29

P.IL "Self-Reactive intestinal intraepithelial lymphocytes"
1999 NIH/CNRC at Harvard/Pilot Feasibility Project

Pl " Influence of helminth infection on food allergy"
Current:
2005-2010 NIH/MGH Center for the Study of Inflammatory Bowel Disease

Co-Director, Immunology Core

2005-2010 NIH/RO1

P.I "Altered responses to food proteins in enteric infection"
B. Report of Current Research Activities
Project Role
Enteric infection as a mucosal adjuvant for the response to Principal Investigator

orally administered antigens
Influence of enteric infection on allergic response to food Principal Investigator

Innate immune signaling by the commensal flora and susceptibility
to food allergy Principal Investigator

C. Report of Teaching

1. Local Contributions

a. Courses (medical school)

2000, 2001 Tutor, Immunology, Microbiology and Infectious Disease, Harvard
Medical School. Tutor for a small group (8) of first year medical
students. Each tutorial is 1 1/2 hrs (13.5 hrs. total). 6-7 hrs. of tutor
and faculty development meetingsand 15 hrs. of preparation time.

2000, 2001, Tutor, Gastrointestinal Pathophysiology, Harvard Medical
2005 School. Tutor for a small group (8) of second year medical
students for the Gastroenterology block of the Human
Systems module. Each tutorial is 1 1/2 hours (4.5 hrs.
total). 6-7 hrs. of tutor and faculty development meetings
and 15 hrs. of preparation time. b. Courses (graduate school)

1991, 93, 95, 97 Lecturer, Contemporary Topics in Immunobiology (200b), Harvard
Medical School, Committee on Immunology . This course was
attended by approximately 30 graduate students/postdoctoral fellows.
Each lecture involved about 3 hrs of contact time and 6 hrs of
preparation time.
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c. Local Teaching

1989-1991 Tutor, Harvard University Biology Tutorial Program
"The Evolutionary Development of the Immune System"
This course, for which I developed the curriculum, was a
semester long seminar/discussion course for 5-7 advanced
Biology majors. Each seminar involved about 3 hrs. of
preparation time and 2 hrs of class time.

1986-1994 Faculty sponsor, M.I. T. Undergraduate Research
Opportunity Program. Students worked in the lab for a full
semester on individual research projects for class credit.
daily interaction.

1991-1992 Undergraduate Thesis Advisor, Department of Biology, Harvard
Univgrsity. Honors Thesis, Elizabeth Hsia "Stimulation of murine
intestinal intraepithelial lymphocytes by Staphylococcal enterotoxin B"

1991-1992 Faculty sponsor, Harvard University, Biology 90R,
Independent Research Study in Biology

e. Advisory/supervisory responsibilities in laboratory setting

1992- present ~ MGH Subcommittee on Immunology:
Organization of the MGH Immunology seminar
series, invitation and hosting of speakers, fund-
raising

1995-2005 Co-Director, Morphology/Tissue
Culture/Immunology/Flow Cytometry Core,
Clinical Nutrition Research Center at Harvard

Co-Director, Immunology Core, MGH Center for the
Study of Inflammatory Bowel Disease

2006- Director, Immunology Core, MGH Center for
the Study of Inflammatory Bowel Disease

Responsible for training center members (both
principal investigators and fellows) in beginning
and advanced techniques in cellular and
molecular immunology, particularly monoclonal
antibody production and flow cytometry. We
assist with both the design and execution of
experiments, some of which are performed by the
Core technician under my supervision.

1996-2000 Thesis advisory and thesis defense committees,
Katherine Silvey, Graduate School of Arts
& Sciences, Program in Immunology

1997 Thesis defense committee, Lara Ausubel, Graduate
School of Arts & Sciences, Program in Immunology
2001 Thesis defense committee, Wanda Coston,

Graduate School of Arts & Sciences, Program
in Immunology

2005- Dissertation advisory committee, Edwin Manuel
Graduate School of Arts & Sciences, Program in
Virology

f. Teaching leadership roles
1990- Preceptor, NIH Training Grant (T32-DK07477)

Training in Pediatric Gastroenterology and
Nutrition, MGH
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Preceptor, NIH Training Grant (T32-A107498)

PhD Program in Immunobiology, Harvard Medical

School

1998-

Preceptor, NIH Training Grant (T32-A107529)

Training in Transplantation Biology, MGH

2000-

Preceptor, NIH Training Grant (T32-DK07191)

Training in Gastroenterology, MGH

2000-

Preceptor, NIH Training Grant (T32-DK07471)

Training in Pediatric G.I. and Nutrition
Tufts/New England Medical Center

g. Advisees/Trainees

Martina Siebrecht , Ph.D.

Elizabeth Hsia, M.D.

Mary Tschoi, M.D.

Christian Ingui, M.D.

Gerburg SpiekermannM.D. 1995-97

1991-93

Current Position

Research Scientist,
Munich, Germany

1991-92 Fellow in Rheumatology,
Univ. of Pennsylvania
KO-8 award, 2002

1992-94 Research Associate (NIH)
NRSA, 2002

1995-97 Resident in Radiology
Boston, MA

Astra Merck Training Award,
AGA, Instructor in Pediatrics

Abhijit Afzalpurkar, Ph.D.1997-98 Senior Fellow, Medical College of
Georgia

Hai Ning Shi, DVM, Ph.D.

Mohamed E.H. Bashir, Ph.D. 2000-2005

Emma I. Melendro, Ph.D.

Donald Smith
Guenolee Prioult, Ph.D.  2004-
Hidehiro Murakami, M.D. 2004-

Onyinye Iweala 2005-

Harvard Undergraduate Honors Theses

Elizabeth Hsia

1996-1999 Research Fellow

1999- 2002 Instructor in Pediatrics,
Research Training Award,
Crohn's and Colitis Foundation

of America

2001-2002 Career Development Award,
CCFA

2002- Assistant Professor of Pediatrics

2003- First Award, CCFA

KO-1 Award, N.I.H.

Post-doctoral fellow

2000-2001 Visiting scientist (sabbatical)
National University of Mexico
2001- Graduate Student , Biological

and Biomedical Science Program
Post-doctoral Fellow

Post-doctoral Fellow

M.D., Ph.D. student, Harvard
Medical School

1992 *Stimulation of murine intestinal
Intraepithelial lymphocytes by
Staphylococcal Enterotoxin B”
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§

Onyinye Iweala 2002 “The effect of helminth infection

on the immune response to an oral Salmonella-
GFP-OVA vaccine”

2. Regional, National and International Contributions

a. Invited Presentations

1986
1989
1991

1991
1992

1993
1993
1994

1994

1994
1995
1996

1997
1998

1998
1998
1998
1998

1999
1999
1999
1999
1999
2000

Invited Seminar, Ayerst Research Laboratories, Trenton, New Jersey
Symposium presentation, Seventh International Congress of Immunology, Berlin, West Germany

Annual Symposium Presentation, Center for the Study of Inflammatory Bowel Disease, Mass. General
Hospital Boston, MA

Symposium Presentation, HoffmannRoche/Harvard Medical School Collaboration, Basel, Switzerland
Workshop presentation: Intraepithelial Lymphocytes: Molecular and Functional Characterization of
Intraepithelial Lymphocytes: Center for the Study of Inflammatory Bowel Disease, Mass. General
Hospital, Boston, MA

Symposium Presentation, Hoffmann La Roche/Harvard Medical School Collaboration: Nutley, New Jersey

Invited Seminar, Dartmouth Medical School Immunology Series, Hanover, New Hampshire

Workshop presentation, American Association of Immunologists Annual Meeting, Experimental Biology
'94: Anaheim, CA

Faculty participant, The New Age of Research in Inflammatory Bowel Diseases
University of Chicago Inflammatory Bowel Disease Center, Chicago, IL.

Grand Rounds, Department of Pediatrics, Mass. General Hospital: Boston, MA
Invited Seminar, NYU School of Medicine, Immunology Club, New York, NY

Panel discussant, Sixteenth Ross Research Conference on Medical Issues:

Nutritional influence in inflammation: its role in inflammatory disease management,
Williamsburg, VA

Invited Seminar, MGH Immunology Seminar Series, Boston, MA

Workshop presentation, American Association of Immunologists Annual Meeting, Experimental Biology
'98: San Francisco, CA

Invited Seminar, Beth Israel/Deaconess Medical Center Immunology Series, Boston, MA
Invited Seminar, Gastrointestinal Unit/ MGH, Boston, MA
Invited Seminar, Institute of Parasitology, McGill University: Montreal, Canada

Workshop Presentation: Lymphocytes and IBD, Current Paradigms of Disease and Treatment: Center for
the Study of Inflammatory Bowel Disease, Mass. General Hospital Boston, MA ’

Invited Seminar, Harvard Digestive Diseases Center/ Children's Hospital, Boston, MA
Invited Seminar, University of Florida, Department of Pathology: Gainesville, FL.
Presentation, The Pediatric Research Symposium, Mass.General Hospital for Children,
Invited Seminar, Albert Einstein College of Medicine, Bronx, N.Y.

Invited Seminar, Albany Medical College, Albany, N.Y.

Invited Speaker, 10™ International Symposium on the Immunobiology of Proteins and Peptides; Current
approaches to immunotherapy and immunotechnology, Tahoe City, CA;
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2001
2002

2002

2003

2003

2003
2003
2003
2004
2004
2004
2004

2004
2004
2005
2005
2005
2005

2006

2006
2006
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Invited Seminar, Gastrointestinal Unit, Mass. General Hospital

Invited Speaker, Keystone Symposia on Molecular and Cellular Biology
Microbial - Epithelial - Lymphocyte Interactions in Mucosal Immunity, Breckenridge, CO

Invited Seminar, University of Virginia, Basic Science Physiology Seminar Series
Charlottesville, VA

Invited Speaker, 53" Nestle Nutrition Workshop “Allergic Diseases and the Environment” Lausanne,
Switzerland

Invited Seminar, Immunology and Oncobiology Training Program, Boston University
Medical Center, Boston MA

Invited Speaker, Federation of Clinical Immunology Societies (FOCIS), Paris, France

Invited Speaker, TEDDY project: Environmental Triggers for Diabetes, Reston, VA
Invited Seminar, MGH Immunology Seminar series

Invited Seminar, NYU School of Medicine Immunology Seminar series, New York, NY
Invited Seminar, Pediatric Grand Rounds, Mass. General Hospital, Boston, MA

Invited Seminar, Thomas Jefferson University, Philadelphia PA

Invited Speaker, American Physiological Society-sponsored translational conference “Pathophysiological
Mechanisms of Inflammatory Bowel Disease”, Snowmass, CO

Invited Seminar, Department of Pathology, University of Mass. Medical School
Invited Seminar, University of Alabama, Birmingham, AL
Plenary lecture, “Food hypersensitivity”’, 12 International Congress of Mucosal Immnology, Boston, MA

Invited Speaker, “Helminths as Modulators of Immunity”, Hamburg, Germany

Invited Seminar, Case Western Reserve University, Cleveland, Ohio

Invited Seminar, Graduate Program in Immunology and Microbial Pathogenesis
Weill Medical College of Cornell University, New York, NY

Invited Speaker, NIAID-American Academy of Allergy, Asthma and Immunology

symposium “Targeting Toll Receptors for Prevention and Treatment of Asthma and
Allergic Diseases” and “Immune Regulation, Environmental Influences and
Immunotherapy” AAAAI Annual Meeting, Miami, Florida

Invited Seminar, Laboratory of Parasitic Diseases, NIAID, Bethesda MD

Invited Seminar, Department of Immunology and Microbiology,
Wayne State University School of Medicine, Detroit MI

2006 Plenary Lecture Presentation and Chair, Major Symposium “Gut reaction to symbiosis

2006

- how bugs shape the immune response”” American Association of Immunologists Annual

Meeting, Boston, MA

Invited Lecture, US-Japan Gastroenterology Meeting, Keio University, Tokyo, Japan

b. Professional and educational leadership roles

1999

2000

Abstract review committee for the American Gastroenterological Association
Annual meeting, "Mucosal Immunity"” section

Co-chair, Block Symposium, "Mucosal Tolerance", American Association of
Immunologists Annual Meeting (AAT 2000), Seattle, Washington
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2000 Program organizer and Presenter, ““Antigen Presentation at Mucosal Surfaces”, 10® Annual Workshop of
r the MGH Center for the Study of Inflammatory Bowel Disease , pe

2001 - Grant Review committee, Crohn’s and Colitis Foundation of America

2001 - Abstract review committee for the American Gastroenterological Association
Spring meeting, "Mucosal Immunology and Inflammation, Innate Immunity™ sections

2002 Senior Faculty Chair, Midwest Inflammatory Bowel Disease Junior Faculty Symposium
Northwestern University, Chicago, IL

2002 Program Organizer and Presenter *“Microbial-Mucosal Interactions”, 12™ Annual Workshop of the MGH
Center for the Study of Inflammatory Bowel Disease

2003 Whitehead Institute’s 12" Annual Seminar Series for High School Teachers “Biological Challenge to
Humanity: Emerging and Re-Emerging Pathogens”, Whitehead Institute for Biomedical Research,
Cambridge MA

2003 Session Chair, Workshop on “Immunogenetic Mechanisms of Intestinal Inflammation: Role of
Epithelium” UVA Digestive Health Center of Excellence, Charlottesville, VA

2003 National Institutes of Health Special Emphasis Panel “Cooperative Research for the Development of
Vaccines, Adjuvants, Therapeutics, Immunotherapeutics and Diagnostics for Biodefense, Gaithersburg,
MD

2003 Program Organizer, “Regulatory T Cells” 13" Annual Workshop of the MGH Center for the Study of
Inflammatory Bowel Disease

2003 National Institutes of Health Special Emphasis Panel “Immune Tolerance”, Bethesda, MD

2004 National Institutes of Health Special Emphasis Panel “Silvio O. Conte Digestive Diseases Research Core
Centers™

2004 - Lecturer, “Mucosal Immunology” American Association of Immunologist’s Introductory Course in
Immunology, Philadelphia, PA

2004 - Block Chair, Mucosal and Regional Immunology, American Association of Immunologists Annual
Meeting

2005- Chair, Mucosal Immunology abstract review for American Gastroenterological

Association Annual Meeting, Meeting Session Chair Digestive Diseases Week
2005 National Institutes of Health Special Emphasis Panel “Food Allergy Research
Consortium™
2005 Federation of Clinical Immunology Societies (FOCIS) Abstract Review
2005 Senior Faculty Member, IBD Junior Faculty Research Day, Baltimore MD

2005 Participant, National Academies of Science brainstorming workshop,
“New Directions in the Study of Antimicrobial Therapeutics: Immunomodulation”

Washington, DC

2005 Session Chair, Workshop on Immunogenetic Mechanisms of Intestinal Inflammation:
Leukocyte Trafficking and Adhesion Molecules, UVA Digestive Health Center of
Excellence, Charlottesville, VA

2005 Lecturer, “Mucosal Immunology” American Association of Immunologist’s Introductory Course in
Immunology

2005 Program Organizer, “Fmmunological Memory” 14" Annual Workshop of the MGH Center for the Study of
Inflammatory Bowel Disease, Boston, MA

2006 Participant, Atlantic Digestive Diseases Center Conference, Charlottesville, VA

2006 Invited Speaker, NIAID-American Academy of Allergy, Asthma and Immunology
symposium “Targeting Toll Receptors for Prevention and Treatment of Asthma and
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Allergic Diseases” and “Immune Regulation, Environmental Influences and Immunotherapy” AAAAI
Annual Meeting, Miami, Florida

2006 Invited Member, Food Allergy Expert Panel, Bethesda, MD
2006 Invited Participant, Microbial Host Interactions Workshop, St. Petersburg, Florida
2006 Plenary Lecture Presentation and Chair, Major Symposium “Gut reaction to symbiosis
~ how bugs shape the immune response™ American Association of Immunologists Annual
Meeting, Boston, MA

2006 Lecturer, “Mucosal Immunology” American Association of Immunologist’s Introductory Course in
Immunology, Philadelphia, PA

2006 Invited Participant, “IBD Summit Meeting” Cleveland Clinic, Cleveland, OH
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Toxicology, Associate Professor, Head section
Immunotoxicology

1976-1986,
1986-1989,

1989-1990,
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Penninks, André Hendrikus

1990-1994, Head General Toxicology Section at TNO Toxicology &
Nutrition Institute; Department of Biological Toxicology

1994-1996, Head Department of General Toxicology at TNO
Nutrition & Food Research Institute; Division of
Toxicology

1996-1998, Head Department of Immuno-, Inhalation- and In Vitro
Toxicology at TNO Nutrition & Food Research Institute;
Toxicology Div.

1998-present, Business Unit Toxicology and Applied Pharmacology
Product Manager Experimental Immunology
Product manager TNO Pharma
Senior (Immuno) Toxicologist
Projectleader all TNO Food Allergy projects
Chair "Knowledge Centre of Food Allergy TNO-
University of Utrecht"

Many University and Industrial laboratories in the USA, Canada, Japan,
Korea, Great-Britain, Denmark, Finland, Norway, Sweden, Germany,
Belgium, Switzerland, Italy, Ireland, France, Poland, Hungary, Czech
Republic etc.

(see also training record with vists, lectures etc)

From January 1996-2000 member of the Editorial Board of the Journal
Toxicology (Immunotoxicology section)

On a regular basis requested to evaluate manuscripts for publication in
various scientific journals (double refereed journals)

- International Society of Immunopharmacology

- Netherlands Society of Toxicology

- Netherlands Society of Immunology

- Working Group: In vitro Toxicology (Member of the Board until ‘93)

- Working Group: Experimental Pathology

- Working Group: Toxicology (Chairman from ‘88 - ‘94)

- Working Group: Toxicology and Risk Evaluation (Member of the Board
until *97)

- Industrial Immunotoxicology Discussion Group (group stopped in 2000)

- Dutch Vaccine Group, Vereniging voor de Nederlandse Vaccin Industrie
(2003-heden)

- Immunotoxicology and Chemical Allergy Specialty Section of Eurotox
(ITCASS 2002-heden)

- Immunotoxicity Inter Laboratory Project, started 2004. Collaboration
with Johnson & Johnson PRD, Organon BV, Schering AG, Astra Zeneca
R&D, Novartis Pharma AG, Pfizer PGRD, MDS Pharma Services, HSL-
UK, Fraunhofer Institute and TNO Pharma
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Co-promotor of PhD thesis: N.J. Snoeij; Triorganotin compounds in Immunotoxicology and
Biochemistry, 1987
R.H.H. Pieters; Cellular molecular aspects of organotin-induced thymus
atrophy, 1992
G.F. Houben; Vitamin B6 status-dependent immunomodulation by Caramel
Colour II1, 1992
E.de Jong; Food allergy, human lymphocyte responses to peanut proteins,
1996
L.M.J.Knippels; Oral sensitisation to food proteins and immune mediated
effects; a Brown Norway rat food allergy model, May, 1998

Guest teacher : University of Wageningen, immunotoxicology lectures (until 2003)
University of Wageningen, postdoctoral education in Toxicology (POT),
cell pathology lectures (until 2001), Food allergy lectures, from 2005.
University of Utrecht, lectures in cell pathology, lectures in
immunotoxicology, PhD-training course in immunotoxicity, training course
on cytopathology ( all ongoing)

. Publications :  see next pages

Initials: Date: September 2006
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Publications

Seinen, W., Vos, J.G., van Krieken, R., Penninks, A.H., Brands, R. and Hooykaas, H.
Toxicity of Organotin Compounds. III Suppression of Thymus-dependent Immunity in rats by
di-n-butyltin dichloride and di-n-octyltin dichloride.
Toxicol. Appl. Pharmacol., 42, 213-224 (1976)

Seinen, W. and Penninks, A.H.
Immune suppression as a consequence of a selective cytotoxic activity of certain organometallic
compounds on thymus dependent lymphocytes.
Ann. N.Y. Acad. Sci., 320, 499-517 (1979)

Penninks, A.H. and Seinen, W.
Toxicity of Organotin compounds. IV. Impairment of energy metabolism of rat thymocytes by various
dialkyltin compounds.
Toxicol. Appl. Pharmacol. 56, 221-231 (1980)

Seinen, W. and Penninks, A.H.
Immunesuppression by the organotin compounds di-n-butyltin dichloride and di-n-octyltin dichloride.
Develop. Anim. Vet. Sci., 6, 343-346 (1980)

Seinen, W., Helder, Th., Verney, H., Penninks, A.H. and Leeuwangh, P.
Short-term toxicity of tri-n-butyltin dichloride in Rainbow Trout (Salmo Gairdneri Richardson) yolk
sac fry.
Sci. Tot. Environ. 19, 155-166 (1981)

Penninks, A.H. and Seinen, W.
Comparative toxicity of alkyltin and estertin stabilizers.
Fd. Chem. Toxic., 20, 909-916 (1982)

Penninks, A.H., Verschuren, P.M. and Seinen, W.
Di-n-butyltin dichloride uncouples oxicative phosphorylation in rat liver mitochondria.
Toxicol. Appl. Pharmacol., 70, 115-120 (1983)

Penninks, A.H. and Seinen, W.
Immunotoxicity of Organotin Compounds.
In: Immunotoxicology (Eds. G.G. Gibson, R. Hubbard and D.V. Parke) Academic Press. London, 427-
437 (1983)

Penninks, A.H. and Seinen, W.
The lymphocyte as target of Toxicity: A biochemical approach to dialkyltin induced Immunotoxicity.
In: Advances in Immunopharmacology (Eds. J.W. Hadden, L. Chedid, P. Dukor, F. Spreafico and D.
Willoughby), Pergamon Press, Vol. 2, 41-62 (1983)

Koninkx, J.F.J.G., Schreurs, A.J.M,, Penninks, A.H. and Seinen, W.
Induction of postthymic T-cell maturation by thymic humoral factors derived from a tumor cell of
thymic epithelial origin.
Thymus, 6, 395-409 (1984)

Penninks, A.H. and Seinen, W.
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Mechanisms of dialkyltin induced Immunopathology
The Veterinary Quarterly, Vol. 6, 4, 209-215 (1984)
Kammiiller, M.E., Penninks, A.H. and Seinen, W.
Spanish Toxic Oil Syndrome is a chemically induced GVDH-like epidemic.
The Lancet, May 26, 1174 (1984)
Kammiiller, M.E., Penninks, A .H. and Seinen, W.
Spanish Toxic Oil Syndrome and chemically induced Graft Versus Host-like reactions.
The Lancet, October 6, 805 (1984)
Kammiiller, M.E., Penninks, A.H. and Seinen, W.
Het Spaanse spijsolie syndroom: Phynylthioureum verbindingen als mogelijke oorzaak.
Chemisch Weekblad. 23, 388-390 (1985)
Penninks, A.H.
Immunotoxicity of organotin compounds. On the Mechanism of dialkyltin induced thymus involution.
Ph.D. Thesis, 1985, Utrecht
Penninks, A.H., Kuper, F., Spit, B.J. and Seinen, W.
On the Mechanism of dialkyltin induced thymus involution.
Immunopharmacol. 10, 1-10 (1985)
Penninks, A.H. and Seinen, W.
Detoxification of the estertin stabilizer Bis-( -carbobutoxyethyl) tin dichloride in rats by hydrolysis of
the ester bond.
Toxicology, 37, 285-295 (1985)
Snoeij, N.J,, van lersel, A.A.J., Penninks, A.H. and Seinen, W.
Toxicity of triorganotin compounds: Comparative in vivo studies with a series of trialkyltin
compounds and triphenyltin chloride in the rat.
Toxicol. Appl. Pharmacol. 81, 274-286 (1985)
Penninks, A.H., Snoeij, N.J. and Seinen, W.
Thymocytes as Target of Dialkyltin Toxicity.
In: Advances in Immunopharmacology (Eds. Chedid, L., Hadden, J.W., Spreafico, F., Dukor, P. and
Willoughby, D.) Vol. 3, 445-447 (1986)
Kammiiller, M.E., Penninks, A.H. and Seinen, W.
Cyclization Products of Phenylthiourea Compounds in Adulterated Rapeseed Qil as possible
Aetiological Factor in Spanish Toxic Oil Syndrome.
In: Advances in Immunopharmacology (Eds. Chedid, L., Hadden, J.W., Spreafico, F., Dukor, P. and
Willoughby, D.) Vol. 3, 449-451 (1986)
Snoeij, N.J., van lersel, A.A.J., Penninks, A.H. and Seinen, W.
Triorganotin-induced cytotoxicity to rat thymus, bone marrow and red blood cells as determined by
several in vitro assays.
Toxicology, 39, 71-83 (1986).
Koninkx, J.F.J.G., Penninks, A.H. and Seinen, W.
In vitro and in vivo induction of terminal deoxynucleotidyl transferase activity in bone marrow cells
by thymic humoral factors derived from a tumor cell of thymic epithelial origin.
Thymus, 8, 45-58 (1986)

Snoeij, N.J., van Rooijen, H.J.M., Penninks, A.H. and Seinen, W.
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Effects of various inhibitors of oxidative phosphorylation on energy metabolism, macromolecular
synthesis and cyclic AMP production in isolated rat thymocytes. A regulating role for the cellular
energy state in macromolecular synthesis and cAMP production.
Biochim. Biophys. Acta, 852, 244-253 (1986)
Snoeij, N.J., Punt, P.M., Penninks, A.H. and Seinen, W.
Effects of tri-n-butyltin chloride on energy metabolism, macromolecular synthesis, precursor uptake
and cyclic AMP production in isolated rat thymocytes.
Biochim. Biophys. Acta, 852, 234-243 (1986)
Penninks, A.H. and Seinen, W.
Immunotoxicity. of Organotin compounds, A cell biological approach to dialkyltin induced thymus
atrophy.
In: Immunotoxicity (Eds. Berlin, A., Dean, J., Draper, M.H., Smith, E.M.B. and Spreafico, F.)
Martinus Nijhoff Publishers, 258-279 (1987)
Kammiiller, M.E., Penninks, A.H., de Bakker, H., Thomas, C., Bloksma, N. and Seinen, W.
An experimental approach to chemically induced systemic (auto-)immune alterations. The Spanish
Toxic Oil Syndrome as an example.
In: Mechanisms of Cell Injury: Implications for Human Health. Dahlem Conferenzen; (Ed. Fowler,
B.A.), John Wiley and Sons, Chichester, 175-192 (1987)
Vos, J.G. and Penninks, A.H.
Dioxin and organotin compounds as prototype immunotoxic chemicals.
In: Selectivity and Molecular Mechanisms of Toxicity (Eds. De Matteis, F. and Lock, E.A.) McMillan
Press, London, 85-102 (1987)
Penninks, A.H., Hilgers, L. and Seinen, W.
The absorption, tissue distribution and elimination of the dialkyltin compound di-n-octyltin dichloride
in the rat.
Toxicology, 44, 107-120 (1987)
Penninks, A.H., Punt, P.M., Bol-Schoenmakers, M., van Rooijen, H.J.M. and Seinen, W.
Aspects of the Immunotoxicity, anti-tumour activity and cytotoxicity of di- and trisubstituted
organotin halides.
Silicon, Germanium, Tin and Lead Compounds, 4, 367-380 (1987)
Snoeij, N.J. Penninks, A.H. and Seinen, W.
Biological activity of organotin compounds - An overview.
Environ. Res., 44, 335-353 (1987)
Snoeij, N.J. Penninks, A.H. and Seinen, W.
Dibutyltin and tributyltin compounds induce thymus atrophy in rats due to a selective action on thymic
lymphoblasts.
Int. J. Immunopharmacol., 10, 891-899 (1988)
Kammiiller, M.E., Verhaar, H.J.M., Versluis, C., Terlouw, J.K., Brandsma, L., Penninks, A.H. and
Seinen, W.
1-Phenyl-5-vinyl-2-imidazolidine thione, a proposed causative agent of Spanish Toxic Oil Syndrome:
Synthesis, and identification in one of a group of case-associated oil samples.
Fd. Chem. Toxic., 26, 2, 119-127 (1988)

Penninks, A.H.
Cytopahtology 1. Algemene reactiepatronen en morfologische aspecten bij celbeschadigingen.
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Algemene Toxicologie O.U., Vol. 2, 7-39 (1988)
Snoeij, N.J., Bol-Schoenmakers, M., Penninks, A.H. and Seinen, W.
Differential effects of tri-n-butyltinchloride on macromolecular synthesis and ATP-levels of rat
thymocyte subpopulations obtained by centrifugal elutriation.
Int. J. Immunopharmacol., 10, 29-37 (1988)
Houben, G.F., Kuypers, M.H.M., van Loveren, H., Penninks, A.H., Sinkeldam, E.J and Seinen, W.
Effects of ammoniacaramel and tetrahydroxybutylimmidazole on the immune system of rats.
Arch. Toxicol. Suppl., 13, 183-187 (1989)
Penninks, A.H., Bol-Schoenmakers, M., Gielen, M. and Seinen, W.
A comparative study with di-n-butyltin dichloride and various Sn-O bonded di-n-butyltin derivates on
the macromolecular synthesis of isolated thymocytes and the in vitro and in vivo antitumor activity.
Mean Group Metal Chemistry, Vol XII, 1, 1-15 (1989)
Pieters, R.H.H., Kampinga, J., Snoeij, N.J., Bol-Schoenmakers, M., Lam, A.W., Penninks, A.H. and
Seinen, W.
An Immunohistochemical study of dibutyltin induced thymus atrophy.
Arch. Toxicol. Suppl., 13, 175-178 (1989)
Pieters, R.H.H., Kampinga, J., Snoeij, N.J., Bol-Schoenmakers, M., Lam, A.W., Penninks, A.H. and
Seinen, W.
Organotin-induced thymus atrophy concerns the Ox-44+ immature thymocytes. Relation to the
interaction between early thymocytes and thymic epithelial cells.
Thymus, 14, 79-88 (1989)
Snoeij, N.J., Penninks, A.H. and Seinen, W.
Thymus atrophy and Immunesuppression induced by organotin compounds.
Arch. Toxicol. Suppl., 13, 172-174 (1989)
Penninks, A.H., Bol-Schoenmakers, M. and Seinen, W.
Cellular interactions of organotin compounds in relation to their antitumor activity.
In: Tin-Based Antitumor Drugs (Ed. Gielen, M.) NATO ASI Series, Cell Biology, Vol H37, Spinger
Verlag, Berlin-Heidelberg, 169-190 (1990)
Penninks, A.H., Snoeij, N.J., Pieters, R.H.H. and Seinen, W.
Effect of organotin compounds on lymphoid organs and lymphoid functions. An overview.
In: Immunotoxicity of Metals and Immunotoxicology (Eds. Dayan, A.D. et al.) Plenum Press, New
York, 191-207 (1990)
Van der Weiden, M.E.J,, van der Kolk, J., Penninks, A.H., Seinen, W. and van der Berg, M.
A dose response study with 2,3,7,8-TCDD in the rainbow trout (Onchorhynchus mykiss).
Chemophere, 20, 1053-1058 (1990)
Houben, G.F., Kuijpers, M.H.M, Lam, A.W., Loveren, H. van, and Penninks, A.H.
Immunotoxic effects of the food additive ammonia caramel.
In: Lymphatic tissues and in vivo immune responses (Imhof et al., eds.) Marcel Dekker, Inc., New
York, 863-867 (1991)

Houben, G.F., Kuijpers, M.H.M, Lam, A.W., Loveren, H. van, Seinen, W. and Penninks, A.H.
The thymus gland in ammonia caramel colour immunotoxicology.
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In: Thymus Update, volume 4, The thymus in immunotoxicology (Eds. Kendall, M.D. and Ritter,
M.A.) Harwood Academic publishers, 81-91 (1991)
Penninks, A.H., Pieters, R.H.H., Snoeij, N.J. and Seinen, W.
Organotin induced thymus atrophy
In: Thymus Update, volume 4, The thymus in Immunotoxicology (Eds. Kendall, M.D. and Ritter,
M.A.) Harwood Academic publishers, 57-79 (1991)
Pieters, R.H.H., Bol, M, Lam, B.W., Seinen, W and Penninks, A.H.
Thymocyte Differentiation in the Rat is Disturbed by the Thymus Atrophy-Inducing Compound
Dibutyltin Dichloride.
In: Lymphatic Tissues and In Vivo Immune Responses. Eds: Ezine, S, Berrig-Aknin, S and Imhof, B.,
p 173 (1991)
De Vries, H., Penninks, A.H., Snoeij, N.J. and Seinen, W.
Comparative toxicity of organotin compounds to rainbow trout (Oncorhynchus mykiss) yolk sac fry.
The Science of the Total Environment, 103, 229-243 (1991)
Houben, G.F., Kuypers, M.H.M., van Loveren, H., Vos, J.G., Seinen, W. and Penninks, A.H.
Immunotoxic effects of the colour additive Caramel Colour III: 1. Studies in rats.
In: Proceeding of the Interdisciplinary Conference on Effects of Food on the Immune and Hormonal
Systems, 47-51 (1991)
Houben, G.F., van Dokkum, W, van Loveren, H., Penninks, A.H., Seinen, W., Spanhaak, S., Vos, J.G.
and Ockhuizen, Th.
Immunotoxic effects of the colour additive Caramel Colour III: II A human study and comparison of
the results with data from rats studies.
In: Proceedings of the Interdisciplinary Conference on Effect of Food on the Immune and Hormonal
Systems, 52-56 (1991)
Houben, G.F., Dokkum, W. van, Loveren, H. van, Penninks, A.H., Seinen, W., Spanhaak, S. and
Ockhuizen, Th.
Effects of Caramel Coulor III on the number of blood lymphocytes; a human study on carame! colour
[1I immunotoxicity and a comparison of the results with data from rat studies.
Fd. Chem. Toxicol., 30, 5, 427-430, 1992
Houben, G.F., van den Berg, H., Kuypers, M.M., Lam, B.W., van Loveren, H., Seinen, W. and Penninks,
A.H.
Effects of the food additive Caramel Colour HI and 2-acetyl-4(5)-tetrahydroxybutyl imidazole on the
immune system of rat.
Tox. Appl. Pharmacol., 113, 43-54, 1992
Pieters, R.H.H., Bol, M., Lam, B., Seinen, W. and Penninks A.H.
Regeneration from chemically induced thymus atrophy starts from CD4-8-TcR™" "% cells.
Immunology, 76, 203-208, 1992
Houben, G.F., Van den Berg, H., Van Dokkum, W., Van Loveren, H., Penninks, A.H., Seinen, W.,
Spanhaak, S., Vos, J.G. en Ockhuizen, T.
Effects of the colour additive Caramel Colour 111 on the immune system: a study with human
volunteers.
Fd. Chem. Toxicol., 30, 9, 749-757, 1992
Jonker, D. and Penninks, A.H.
A comparative study on the nutritive value of casein heated by microwave and conventionally
J. Sci. Food Agric., 59, 123-126, 1992
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Jonker, D. and Penninks, A.H.
21-Day intraveneous toxicity study with Feline Interferon in rats
Fd. Chem. Tox., 30, 12, 1057-1060, 1992
Houben, G.F., Penninks, A.H., Seinen, W., Vos, J.G. and Van Loveren, H.
Immunotoxic effects of the color additive Caramel color 111 and 2-acetyl-4(5)-tetrahydroxybutyl-
imidazole (THI); immune function studies in rats.
Fund. App. Tox., 20, 30-37, 1993
Penninks, A.H.
The Evaluation of data derived safety factors for Bis(tri-n-butyltin)oxide (TBTO)
Fd. Additives and Contaminants, 10, 3, 351-361, 1993
De Heer, C., Verlaan, A.P.J., Penninks, A.H., Schuurman, H.J. and Van Loveren, H.
The SCID-RA Mouse: Rat T cell differentiation in the severe combined immunodeficient mouse
APMIS, 101, 467-479, 1993
Caruso, F., Bol-Schoenmakers M., and Penninks, A.H.
The crystal and molecular structure and the in vitro antiproliferative and anti-tumor activity of two
organotin (I'V)-carbohydrate compounds
J. Med. Chem., 36,9, 1168-1174, 1993
Pieters, R.H.H., Bol, M., Lam, B. Seinen, W. and A.H. Penninks
' Recovery from chemically induced thymus atrophy starts with CD4-8-CD2™"TcR " thymocytes
and results in an increased formation of CD4-8-TcR ™&"
Immunology, 78, 616-622, 1993
Pieters, R.H.H., Bol, M., Ariéns, T., Punt, P., Seinen, W. and Penninks, A.H.
Selective inhibition of immature CD4-CD8" thymocyte proliferation but not differentation, by the
thymus-atrophy inducing compound di-n-butyltin chloride.
Immunology, 81, 261-267, 1994
Houben, G.F., Lippe, W., Van Loveren, H., Seinen, W. and Penninks, A.H.
In vitro and ex vivo studies with 2-acetyl-4(5)-tetrahydroxybutyl-imidazole (THI), the lymphopenic
factor in the colour additive Caramel Colour III. Immunopharmacology
Houben, G.F., Van Laerhoven, M., Lam, B.W., Van Loveren, H., Seinen, W. and Penninks, A.H.
Immunotoxic effects of 2-acetyl-4(5)-tetrahydroxybutylimidazole (THI), and 4'-deoxypyridoxine and
4'-deoxypyridoxine (DOP) in rats.The Journal of Nutrition
Houben, G.F., Seinen, W., and Penninks, A.H.
Effects of the colour additive Caramel Colour IIl on the immune system of mice.
Toxicology
Houben, G.F. and Penninks, A.H.
Nieuw biotechnologie bij produktie van voedingsmiddelen; (immuno)toxiciteit en allergene
eigenschappen.
Tijdschr. v. Huisartsgeneeskunde, 11, 3, 1994

thymocytes.

Arts, J.H.E., Penninks, A.H. and Hoeksema, H.W.
Toxicity of coal fly ash and lytag dust upon intratracheal instillation.
In: ILSI Monographs. Toxic and carcinogenic effects of solid particles in the respiratory tract. Eds.
. Dungworth, D.L., Mauderly, J.L. and Oberd=rster, G. ILSI Press, Washington D.C., 443-446, 1994.
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Houben, G.F. and Penninks, A.H.
Voedselallergie en allergeniciteit van voedingseiwitten.
KNCV Symposia Proceedings, 9, 14-24, 1994

Pieters, R.H.H., Bol, M. and Penninks, A.H.
Immunotoxic organotins as possible model compounds in studying apoptosis and thymocyte
differentation.
Toxicology, 91, 189-202, 1994

Houben, G.F. and Penninks, A.H.
Immunotoxicity of the colour additive Caramel colour III: a review on complicated issues in the safety
evaluation of a food additive.
Toxicology, 91, 289-302, 1994

de Heer, C., Verlaan, A.P.J., Penninks, A.H., Vos, J.G., Schuurman, H.-J. and van Loveren, H.
The Timecourse of 2,3,7,8,-Tetrachlorodibenzo-p-dioxin (TCDD)-Induced Thymic Atrophy in the
Wistar Rat.
Tox. Appl. Pharmacol. 128, 97-104, 1994

de Heer, C., Schuurman, H.-J,, Liem, A.K.D., Penninks, A.H., Vos, J.G. and van Loveren, H.
Toxicity of 2,3,7,8,-Tetrachlorodibenzo-p-dioxin (TCDD) to the human thymus after implantation in
SCID miice.
Tox. Appl. Pharmacol. 134, 296-304 (1995)

Pieters, R.H.H., Punt, P., Bol, M., van Dijken, J.M., Seinen, W. and Penninks, A.H.
The thymus atrophy inducing organotin compound DBTC stimulates TcR -CDjs signalling in
immature rat thymocytes.
Bioch. Biophys. Res. Comm., 214, 2, 552-558, 1995

de Heer, C., Schuurman, H.J., Houben, G.F., Pieters, R.H.H., Penninks, A.H. and van Loveren, H.
The SCID-hu mouse as a tool in immunotoxicological risk assessment: effects of 2-acetyl-4(5)-
tetrahydroxybutyl-imisdazole (THI) and di-n-butyltindichloride (DBTC) on the human thymus in
SCID-hu mice.
Toxicology, 100, 203-211, 1995

Houben, G.F. en Penninks, A.H.
Reguliere geneeskunde machteloos tegenover voedselovergevoeligheid.
Voeding, 56, 6, 16-17, 1995

Penninks, A.H.
Current issues in the toxicological evaluation of food enzymes.
In: W. van Hartingsveldt, M. Hessing, J.P. van der Lugt et al. (Eds.) The Second European
Symposium on Feed Enzymes, Proceedings of ESPE2, pg. 241-246, 1995

Penninks, A.H. and Pieters, R.H.H.
Immunotoxicity of organotins.
In: Experimental Immunotoxicology. Eds. Smialowicz, R.J.; Holsapple M.P., CRC Press, Inc.;
p. 229-243, 1995

Pieters, R.H.H., Albers, R., Bleumink, R., Snoeij, N.J,, Itoh, T., Seinen, W.and Penninks, A.H.
The thymus atrophy-inducing organotin compound DBTC inhibits the binding of thymocytes to
thymic epithelial cells.
Int. J. Immunopharmac., 17, 4, 329-337, 1995

de Jong, E.C., Spanhaak, S., Martens, B.P.M., Kapsenberg, M.L., Penninks, A.H. and Wieringa, E.A.
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Food allergen (peanut)-specific Th; clones generated from the peripheral blood of a patient with
peanut allergy.
J. Allergy Clin. Immunology, 98, 73-81, 1996
Gee, J.M., Wortley, G.M., Johnson, L.T., Price, K.R., Rutten, A.A.J.J.L., Houben, G.F. and Penninks,
AH.
Effects of saponins and glycoalkaloids on the permeability and viability of mammalian intestinal cells
and on the integrity of tissue preparations In Vitro.
Toxicology In Vitro, 10, 117-128, 1996
Houben, G.J. and Penninks, A.H.
Evaluation of the allergenicity of food proteins - current testing possibilities and new developments
focused on the role of the gastrointestinal tract physiology.
In: Gerhard Eisenbrand, Holger Aulepp, Antony David Dayan et al. (Eds.) Proceedings of the
Symposium Food Allergies and intollerances.
Deutsche Forschungsgemeinschaft, pg. 183-194, 1996
Penninks, A.H.
Cytopathology: general response patterns and morphological aspects.
In: Toxicology, Principles and Applications. Eds. R.J.M. Niessink, J. de Vries and M.A. Hollinger,
CRC Press, pp 445-469, 1996
Arts, JH.E., Droge, S.C.M., Spanhaak, S., Bloksma, N., Penninks, A.H. and Kuper, C.F.
Local lymph node activation and IgE responses in Brown Norway and Wistar rats after dermal
application of sensitizing and non-sensitizing chemicals.
Toxicology, 117, 229-237, 1997
Gee, J.M,, Wal, J.M,, Miller, K., Atkinson, H., Grigoriadou, F., Wijnands, M.V.W., Penninks, A.H.,
Wortley, G. and Johnson, 1.T.
Effect of saponin on the transmucosal passage of -lactoglobulin across the proximal small intestine of
normal and -lactoglobuline-sensitized rats.
Toxicology, 117, 219-228, 1997
Til, H.P., Chtahi, T., Takatori, K. and Penninks, A .H.
Toxicity studies of isomaltulose Polycondensates in rats
Fd. Chem. Tox., 1997
Yamanuchi, K., Yoshimura, S., Inada, H., Matsui, E., Ohtaki, T., Ono, H., Til, H.P. and Penninks, A.H.
26-Week oral toxicity study of isomaltulose (Palatinose®) in rats
Fd. Chem. Tox., 1997
Yamanuchi, K., Yoshimuar, S., Inada, H., Ozawa, H., Kato, H., Ono, H., Til, H.P. and Penninks, A.H.
26-Week oral toxicity study of isomaltulose syrup in rats.
Fd. Chem. Tox., 1997

Duizer, E., Penninks, A.H., Stenhuis, W.H. and Groten, J.P.
Comparison of permeability characteristics of the human colonic CaCo-2 and rat small intestinal IEC-

18 cells lines.
J. Contr. Rel., 49, 39-49, 1997
Penninks, A.H., Houben, G.F.
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Immunotoxicology and allergology of new food ingredients. In Voedselkroniek, Eds. J.J. van
Binsbergen, M. ‘t Hart-Eerdsmans, H.K. Hendrickx, F.J. Kok, E.M.H. Mathus-Vliegen, Bohn Stafleu
van Loghum. Houten, 1997, 92-108

Houben, G.F., Knippels L.M.J., Penninks A.H.
Food Allergy; Predictive testing of food products. IPCS/NIPH Expert Workshop on Chemical
Exposure and Food Allergy and Intolerance. Oslo, Norway. Environ. Toxicol. Pharmacol., 4, 127-135,
1997

Knippels, L.M.J., Penninks, A.H., Spanhaak, S. and Houben, G.F.
Oral sensitization to food proteins: a Brown Norway rat model.
Clin. Exp. Aligergy, 28, 368-375, 1998

De Jong, E., van Zijverden, M., Spanhaak, S. Pellegrom, H. and Penninks, A.H.
Indentification and partial characterisation of multiple allergens in peanut proteins.
Clin. Exp. Allgergy, 28, 743-751, 1998

Knippels, L.M.J., Penninks, A.H. and Houben, G.F.
Continued expression of anti soy-protein antibodies in rats brod on a soy-protein free diet; the
importance of dietary control in oral sensitization research.
J. Allergy Clin. Immunology, 101, 815-820, 1998

Report of validation study of assessment of direct immunotoxicity in the rat.
The ICICIS Group Investigators (a.o. Penninks, A.H., Kuper C.F., Spanhaak S.). Toxicology, 125
(2,3), 183-201, 1998

Knippels, L.M.J., Penninks, A.H., Spanhaak, S., Houben, G.F.
A new oral sensitization model in rats to food proteins and the importance of dietary control in oral
sensitization with soy. Proceedings of the third international workshop on “antinutritional factors in
legume seeds and rapeseed”. Wageningen, The Netherlands, 327-330, 1998

Penninks, A.H.
Is het mogelijk om het allergisch potentieel van genetisch gemodificeerde voedingsmiddelen te
voorspellen. Proceedings: Biotechnologie en Voedselallergie, Symposium 22 september 1998, 33-46,
1998

Knippels, L.M.J. and Penninks, A.H.
A new model to study food allergy and the allergenicity of (novel) food proteins. The European Food
& Drink Review, 55-57, 1998

Penninks, A.H. and Houben, G.F.
A chapter submitted on food allergy to be incorperated in the Environmental Health Criteria (EHC) of
IPCS/WHO entitled: “Scientific Principles and Methods for Assessing Allergic Hypersensitization
Associated with Exposure to Chemicals EHC 212, 1999.

Knippels, L.M.J., Penninks, A.H., Smit, J.J. and Houben, G.F.
Immune-Mediated Effects upon Oral Challenge of Ovalbumin-Sensitized Brown Norway Rats:
Further Characterization of a Rat Food Allergy Model. Tox. Appl. Pharmacol., 156, 161-169, 1999

Knippels, L.M.J., Houben, G.F., Spanhaak, S. and Penninks, A.H.
An Oral Sensitization Model in Brown Norway Rats to screen for Potential Allergenicity of Food
Proteins. Methods: A Companion to Methods in Enzymology, 19, 78-82, 1999

Knippels, L.M.J., Penninks, A.H., Van Meteren, M. and Houben, G.F.
Humoral and cellular immune responses in different rat strains upon oral exposure to ovalbumine.
Food Chem. Toxicol., 37, 881-888, 1999
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Knippels, L.M.J. and Penninks, A.H. Food Allergy: An increasing clinical problem and the need for new
animal models for mechanistic research. Mucosal Immunology Update, 7,4, 6-9, 1999

Koppelman, S.J., Knippels L.M.J. and Penninks A.H. Allergenicity of Industrial Proteins. Industrial
Proteins, 7, 2, 13-15, 1999

Koppelman, S.J., Knulst, A.C., Koers, W.J., Penninks, A.H., Peppelman, H., Vlooswijk, R., Pigmans, L.,

Duyn, G. van, Hessing, M.

Comparison of different immunochemical methods for the detection and quantification of hazelnut
proteins in food products. J. Imm. Methods, 229, 107-120, 1999

Knippels, L.M.]., Felius, A.A., van der Kleij, H.P.M., Penninks, A.H., Koppelman, S.J., Houben, G.F.
Comparison of antibody responses to hen's egg and cow's milk-proteins in orally sensitized rats and
food allergic patients. Allergy, 55:251-258, 2000

Zijverden, M. van, Pijl, A. van der, Bol, M., Pinxteren van F.A,,Haar, de C., Penninks, A.H., Loveren,
van H., and Pieters, R.

Diesel exhaust, Carbon black and silca particles display distinct Th1/Th2 modulating activity. Toxicol
Applied Pharmacol 168,131-139, 2000.

Penninks A.H., Knippels, L.M.J. and Houben G.F.

Allergenicity of foods derived from genetically modified organisms. In "safety of Genetically
Engineered Crops", edited by R.Custers, Vlanders University Institute for Biotechnology, VIB
Zwijnaarde, Belgium, March 2001, pg 108-133.

Penninks, A.H.

Immunotoxicity of organotins compounds: Facts and Fiction.
In: Proceedings of the sixteenth Word meeting ORTEP Association, Sardinia, Italy, 6-21, 2001.

Penninks, A.H. and Knippels L.J.M.

Animal models for allergenicity testing.
In: FAQ/WHO Expert Consultation on Foods derived from Biotechnology, Allergenicity of
Genetically Modified Foods, Rome, ltaly, 1-8, 2001

Penninks, A.H. and Knippels L.M.J.

Determination of protein allergenicity- studies in rats. Toxicology Letters 120, 171-180, 2001.

Knippels, L.M.J., Penninks, A.H.

An oral animal model in food allergy research and to screen for potential allergenicity of food
proteins. Recent Res. Devel. in Allergy & Clin. Immunol, 2, 139-154, 2001.

Zijverden, van M., Haar, de C., Beelen, van A., Loveren, van H., Penninks, A.H and Pieters, R.
Coadministration of Antigen and Particles Optimally Stimulates the Immune Response in an Intranasal
Administration Model in Mice. Tox Appl Pharmacol, 177, 174-178, 2001.

Wensing, M., Koppelman, S. J., Penninks, A.H., Bruijnzeel-Koomen, C.A.F.M. and Knulst, A.

Hidden hazelnut is a threat to allergic patients. Allergy, 56(2), 191-192, 2001

Knippels, L.M.J. and Penninks, A H.
Assessment of protein allergenicity: studies in Brown Norway rats. Ann.N Y Acad. Sci, 964:1-11,
2002.

Gennari, A., Bol, M., Seinen, W., Penninks, A., and Pieters, R.
Organotin-induced apoptosis occurs in small CD4+CD8+ thymocytes and is accompanied by an
increase in RNA synthesis. Toxicology, 175, 191-200, 2002.

Knippels, L.M.J., Penninks, A.H.

'
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Protein Allergenicity: Rat Models. Comments on Toxicology, 8(3): 287-295, 2002 .

Wensing, M, Penninks, A.H., Hefle, S., Koppelman, S.J., Bruijnzeel-Koomen C.A.F.M. and Knulst, A.C.
The distribution of individual threshold doses elicting allergic reactions in a peanut allergic
population, J Allergy Clin Immunol, 2002, 10, 6. 915-920.

Wensing, M, Penninks, A.H., Hefle, S., Akerdaas, J., van Ree, R., Koppelman, S.J., Bruijnzeel-Koomen

C.A F.M. and Knulst, A.C.

The range of minimum provoking doses in hazelnut-allergic patients as determined by double-blind
placebo-controlled food challenges (DBPCFCs). Clin. Exp. Allergy, 2002:32: 1757-1762.
Penninks, A.H. and Knippels, L.M.J. Animal models for Food Allergy: Possibilities and limitations, Pol.
J. Food Nutr.Sci., 2002, vol 11/52, S12, 125-130.

Kenna, J.G., Astwood, J., Breitener, H., Havenaar, R., Heylings, J., Hirst, B., Lack, G., MaclIntosh, S.,
Penninks, A. H., Van Pelt, C., van den Eede, G., Wiedemann, U.
Allergenic Hazard Associated With Oral Ingestion Of Genetically Modified Foods Products. ECVAM.

Kimber, I, Dearman R.J., Penninks, A.H., Knippels, L.M.J., Buchanan, B.B., Hammerberg, B., Jackson,
H.A. and RM Helm. Assessment of Allergenicity on the basis of Immune Reactivity: Animal Models.
Env.Health Persp. 111(8), 1125-1130, 2003.

Knippels, L.M.J. and Penninks, A.H. Assessment of the potential of food protein extract and proteins on
oral application using the Brown Norway rat model. Env. Health Persp., 2003 Feb:111(2)233-8.

Akkerdaas, J. H., Wensing, M., Knulst, A.C., Krebitz, M., Breiteneder, H., de Vries, S., Penninks, A.H.,
Aalberse, R.C., Hefle, S.L. and R. van Ree. How accurate and safe is dianosis of hazelnut allergy by
means of commercial skin prick test reagents. Int Arch Allergy Immunol, 132;132-140, 2003

Delany, B., Carlso, T., Zheng, G.H., Hess, R., Frazer, S., Ostergren, K., Zijverden van M., Knippels, L.,
Jonker, D., and Penninks, A. Repeated dose oral Toxicological Evaluation of concentrated Barley Beta-
Glucan in CD-1 mice including a recovery phase. Fd Cem Toxicol., 41 (8): 1098-1102, 2003

Wensing, M, Penninks, A.H., Bruijnzeel-Koomen C.A.F.M. and Knulst, A.C. Drempelwaarden voor
klinische reacties bij voor pinda- en hazelnootallergische patiénten. Tijdschrift voor Dermatologie &
Venerologie, 2003, 13,23-24

Knippels, J.M., van Wijk, F and A.H. Penninks. Food Allergy: what do we learn from animal models?
Curr Opin Allergy Clin Immunol, 4: 205-209, 2004.

Konig, A., Cockburn, A., Crevel, R.W.R., Debruyne, E., Grafstroem, R., Hammerling, U., Kimber, 1.,
Knudsen, 1., Kuiper, H.A., Peijnenburg, A.A.C.M., Penninks, A.H., Poulsen, M., Schauzu, M., and Wal,
J.M. Assessment of the safety of foods derived from Genetically Modified (GM) Crops. Fd Chem
Toxicol, 42, 1047-1088, 2004.

Knulst, A.C., Pasmans, S.G.M.A., Koppelman, S.J., Penninks, A.H., Knol, E.F. and C.A.F.M. Bruijnzeel-

Koomen. Pinda allergie: de laatste onderzoeksontwikkelingen. Nederlands Tijdschrift voor Allergie, vol
5, no 3,92-96, 2005
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Koppelman, S.J., Nieuwenhuizen, W.F., Gaspari, M., Knippels, L.M.I., Penninks, A.H., Knol, E.F,,
Hefle, S.L., Jongh de H.H.J., Reversible denaturation of Brazil nut 2S Albumin (Ber ) and implication
of structural destabilisation on digestion by pepsin.J.Agric. Food Chem.,53, 123-131, 2005.

Knippels L.M.J. and A.H. Penninks. Recent Advaces using Rodent Models for Predicting Human
allergenicity. Toxicology and Applied Pharmacology, 207, S157-S160, 2005.

Penninks A.H. and Knippels L.M.J. Food allergy and intolerance, including methods to predict
allergenicity. In print in FOSFARE Seminar Series, 2006.

Knippels, L.M.J., Penninks, A.H., Nieuwenhuizen, W.F., Klein Koerkamp, E., Jongh de H.H.J.,
Koppelman, S.J. Protein structure determines the sensitizing capacity of Brazil nut Ber e! in a rat food
allergy model. Submitted for publication 2006.

Peeters K.A.B.M., Koppelman S.J., Van der Tas C.W.H. den Hartog-Jager S.F., Penninks A.H., Hefle
S.L.. Bruijnzeel-Koomen C.A.F.M., Knol EF., Knulst A.C. Skin Prick Tests with purified diluted peanut
allergens as tool for predicting the clinical severity. Submitted for publication, 2006.

Peeters K.A.B.M., Nordlee J.A., Penninks A.H., Lingyun C., Bruijnzeel-Koomen C.A.F.M, Hefle S.L.,
Knulst A.C. Lupine allergy: a cross-reactive allergy, but also a separate entity. Submitted for publication,
2006.

Peeters K.A.B.M., Lamers R.]., Penninks A.H., Bruijnzeel-Koomen C.A.F.M, Nesselrooij J.H.J., Knulst
A.C. Identification of peanut-allergy-related metabolic fingerprints in peanut-allergic patients. Submitted
for publication, 2006.

Kimber ., Penninks A.H.. Dearman R.J. Food Allergy: Immunological Aspects and Approaches to
Safety Assessment. In press Red Book, Eds B. Leubke et al., 2006.

Knippels L.M.J., Penninks, A.H. and Bannon G.A. Sensitizing Potential of a Peanut protein Extract
in Four Different Mouse Strains, Submitted for publication, 2006.

In addition, approximately 195 abstracts are published in abstract books or proceedings of symposia,
congresses or in scientific journals.
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Curriculum vitae Huub Savelkoul

1. Personal data

Name: Hubertus Fransciscus Jozef Savelkoul

Date of birth: July 11, 1956

Work adress: Celbiology and Immunology, Wageningen University, P.O. Box 338, 6700 AH Wageningen, The
Netherlands; tel: +31.317.483509/483925

E-mail: huub.savelkoul@wur.nl

2. Scientific Career

MSc

Biology, specialisations Zoology and Cell Biology; Wageningen University (1974-1981)

Majors: Biochemistry, Cell Biology, Genetics.

Foreign experience: Department of Chemical Immunology, Weizmann Institute of Science, Rehovot, Israel
(1981). Advisor: prof.dr. P. Lonai

PhD

Erasmus University Rotterdam (September 2, 1988, cum laude)

Thesis: “Induction and measurement of IgE. A study in mice with emphasis on the regulatory role of
lymphokines™. Promotor: prof.dr. R. Benner, co-promotor: dr. W. van Ewijk

Research price Erasmus University Rotterdam (1989)

Postdoc: DNAX Research Institute of Molecular and Cellular Biology, Palo Alto, California, USA (1988-1990).
Advisor: dr. R.L. Coffman

Courses.

Radiation safety C-level: J.A. Cohen Inter-Universitary Institute for Radiation Pathology and Radiation
Protection (IRS), Leiden) (1984)

Biostatistics: Post-Academic Course Medicine Rotterdam (1986)

Teaching: Didactic Capacity, Bureau Smidts-Wijnen, Rotterdam (1996)

Registration as Immunologist (SMBWO, 1951)

Lecturer

Assistent Professor (1990-1996) and Associate Professor (1996-2000):

Erasmus University Rotterdam, department of Immunology (chairman: prof.dr. R. Benner)
Unit: Immunoregulation and the development of allergy at childhood age

Professor

Van der Leeuw chair (NWO) in Cell Biology and Immunology, Wageningen University (September 2000-
September 2003).

Full professor and head of department as of September 1, 2003

3. Research

PhD Advisor:

Co-promotor: R. Van Ommen (1994), A.C.T.M. Vossen (1995), S.S. Pathak (1995), T. Ten Hagen (1996), H.
Koning (1996), M.P. Laan (1999).

Promotor: A. Boonstra (2000), M. Nawijn (2001), C. Kruiswijk (2002), H. Huttenhuis (2005), M.O. Huising
(2006), M. Joerink (2006), J.A.J. Arts (2006)

References (1982-2005)

Research papers in peer-reviewed journals: 255; citations: 2350

Others: book chapters, reviews, etc: 80

Approved Research projects: 42 (1994-2006).total 25 M€

Patents: approved 8
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Current group:
4 senior staff, 4 postdoctoral fellows, 12 graduate students, 20 undergraduate students, S technical support staff,
1 secretary ’

4. Memberships
Editorial board member:
Mediators of Inflammation, Science and Technology Intensive Courses, Molecular Immunology

Member Scientific organizations:

Member Scientific advisory board Nethertands Asthma Foundation (1996-2000)

Netherlands Society for Allergology, Netherlands Society for Inmunology, European Academy of Allergology
and Clinical Immunology, European Society of Paediatric Allergology and Clinical Immunology
International Society for Developmental and Comparative Immunology (ISDCI) (2004-current)

Chairman: Educational Committee Netherlands Society for Immunology (1999-2005)

Chairman: Users group Animal Experiments Wageningen University (2003-current)

Board Member: Netherlands Medical-biological research council (SMBWO) (2000-current)

Board Member: Foundation for Protection against Asthma (SAB) (1999-current)

Program leader in Poverty Related Infection Oriented Research (PRIOR) network (NWO-WOTRO) (2004-
current)

Executive board member Allergy Consortium Wageningen (ACW) (2002-current)

Member Frofessional Oragnizations:

Member Scientific advisory board: Adviescommissie Landelijk Overleg Onderwijs-Arbeid, HBO-opleiding
Biologie en Medisch Laboratoriumonderzoek, HBO-raad (1999-2004)

Chairman Curriculum board Biology, Wageningen University (2002-2006)

Executive board member Cereales Foundation Wageningen (2005-current)

5. Specializations

basic and applied immunology

antibody formation (isotype switching)

immunoregulation: regulatory T cells, T cell polarization, cytokines,
comparative immunology (aquatic organisms, chicken, bovine, horse)
allergy: food allergens, life-style factors

natural disease resistance and robustness
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. References (grouped by year)
2006

_ Bosma, R.H.; Savelkoul, H.F.J.; Frankena, K.; Baars, T.; Laarakker, £. (2006) Dairy herd health
impedance on six acupuncture points and immune response factors in_milk: A pilot study
Livestock Science 99 (2006)2-3. - ISSN 1871-1413 - p. 285 - 290.

Gilissen, L.J.W.J.; Wichers, H.J.; Saveikoul, H.F.J.; Bogers, R.J. (2006) Allergy matters: new
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Joerink, M.; Savelkoul, H.F.J.; Wiegertjes, G.F. (20086) Evolutionary conservation of alternative
activation of macrophages: structural and functional characterization of arginase 1 and 2 in carp
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2005
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION
MEMORANDUM OF TELECONFERENCE

DATE: March 9, 2007
TIME: 2:30 PM.
NUMBER: 415-957-0101

PARTICIPANTS:

FDA

Jeremiah Fasano HFS-255

Antonia Mattia HFS-255

External

Charles Morin Morin & Associates

SUBJECT: Discussion of public hearing on human lactoferrin

Dr. Mattia and I contacted Mr. Morin to alert him to our interest in fostering public
discussion of issues related to the use of human lactoferrin in foods. Mr. Morin is the
agent for GRN 189, submitted by Pharming, Inc. (Pharming), which describes certain
food ingredient uses of human lactoferrin from bovine milk. We noted that in FDA's
response to a previous notice from a different firm that also involved human lactoferrin
(GRN 162), the agency had stated its intent to engage the wider scientific community in
consideration of the complex scientific issues raised by the notice. Though Pharming's
notice was distinct from GRN 189, in our view some of the issues raised by each notice
were related. For that reason, we thought it appropriate to keep Pharming informed about
our ongoing efforts to engage the wider scientific community. We explained that we were
currently considering a proposal for a Part 15 hearing as a vehicle for this engagement.

Mr. Morin requested an opportunity for a broader selection of Pharming representatives
to hear and discuss FDA's plans at a future date. We agreed to this request.

Jeremiah Fasano
R/D:HFS-255:JMFasan0:03/09/2007

Init:HFS-255: AMattia:06/01/2010
F/T:HFS-255:JMFasan0:06/01/2010
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Fasano, Jeremiah

From: Fasano, Jeremiah

Sent: Wednesday, April 04, 2007 10:46 AM
To: ‘charleslmorin@earthlink.net'
Subject: RE: April 16th teleconference

Mr. Morin-

Page 1 of 2

Thank you for arranging the line. I've reserved the time slot for the CFSAN participants. Dr. Mattia
and Dr. Merker are well-briefed and can handle it without me if necessary, but | will participate if |

can.
Regards-

-Jeremiah Fasano

Jeremiah Fasano, Ph.D.
Consumer Safety Officer
DBGNR/OFAS/CFSAN/FDA

jfasano@cfsan.fda.gov
Phone: 301-436-1173
Fax: 301-436-2964

HFS-255
5100 Paint Branch Parkway
College Park, MD 20740

From: Charles L. Morin [mailto:charlesimorin@earthlink.net]
Sent: Tuesday, April 03, 2007 5:55 PM

To: Fasano, Jeremiah

Subject: April 16th teleconference

Dear Dr. Fasano,

This will memorialize the information | left on your voice mail concerning the future teleconference
between CFSAN and Pharming. Pharming has now confirmed the availability of all its participants and,
thus, can now represent that all can participate on Monday, April 16t starting at 10:30 a.m. (EST). Each
such patrticipant as well as those participating on behalf of CFSAN can connect to the teleconference on
Monday by dialing 1 (866) 448-6761 and then, when asked to do so, by dialing the dial-in code, i.e.,

940357.

Please let me know if there is anything else we need to do prior to our teleconference on April

16,

Best regards.

6/27/2007


mailto:mailto:charleslmorin@earthlink.net
mailto:jfasano@cfsan.fda.gov

6/27/2007

Charles L. Morin

Morin & Associates

388 Market Street, Suite 1460
San Francisco, CA 94111
us

Phone: (415) 957.0101
Fax:  (415) 957.5905

Page 2 of 2



DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION
MEMORANDUM OF TELECONFERENCE

DATE: April 16, 2007
TIME: 10:30 AM

PARTICIPANTS:

FDA

Antonia Mattia HFS-255

Robert Merker HFS-255

Jeremiah Fasano HFS-255

External

Charles L. Morin Morin and Associates
Frans de Loos Pharming

Bertjan Ziere Pharming

Sanda van Wetering Pharming

Harrie van Veen Pharming

Anurag Relan Pharming

Charles Elson University of Alabama at Birmingham

SUBJECT: Discussion of Lactoferrin Public Hearing Proposal

Members of the Division of Biotechnology and GRAS Notice Review met with representatives of
Pharming, including the firm's agent (Mr. Morin) and a member of the GRN 189 GRAS panel
(Dr. Elson). We wished to discuss our proposal for a public hearing on the use of recombinant
human lactoferrin (rhLF) in food.

We began by explaining that although the proposed Part 15 public hearing was prompted in part
by the submission of GRN 189, the evaluation of GRN 189 and the public meeting were distinct
processes that were not dependent on each other. Nevertheless, we considered that both Pharming
and the agency would benefit if Pharming had the opportunity to learn about the kinds of
guestions we were proposing to ask at the hearing.

The proposed hearing would focus entirely on scientific issues rather than the regulatory status of
rhLF. The issues are currently as follows:
e Evaluation of rhLF idenitity with respect to
O bLF in terms of bioactivities (in various species, including humans)
O hLF in terms of antigenicity (perception of rhLF as a nonself protein potentially
leading to concerns about autoimmunity)
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FILE

COPY




April 16, 2007 Memorandum of Teleconference — Page 2

e The significance of existing exposures to hLF and their utility in a food safety assessment
of rhLF
O infant oral exposure to hLF in human milk
O adult oral exposure to hLF from exocrine secretions such as saliva

e The consequences of long-term exposure to an exogenous immunomodulator such as
rhLF

With respect to the last issue, we explained that we were interested in what sorts of studies,
species, and endpoints might or might not be appropriate for this kind of substance and exposure
scenario, and the scientific reasoning for any given position.

Pharming noted that the issues we had described were complex and relatively specific and that a
third party would require substantial background information to understand them clearly.
Pharming then asked about the scope of the hearing and whether their ingredient would be
conflated with other ingredients. We explained that the hearing was intended to explore general
issues raised by rhLFs as a class, but that any related GRAS determination would continue to be
on a case-by-case basis. Pharming would have the opportunity to clearly identify any relevant
distinctions between its own product and other rhLFs if the firm chose to give a presentation.
Finally, we agreed that a public hearing notice on this topic would require clarity and specificity.
We invited Pharming to submit sample text. At a minimum, this would help identify gaps in our
draft text.

We then stated that while we intended to hold the meeting in the summer of 2007, at this point the
public meeting was still a proposal. As such, it would require clearance by the Center and FDA
and we could make no guarantees about the timing or exact content of the meeting notice.

Finally, we explained that the GRAS notification process is not intended to be lengthy or
iterative, but that we had offered Pharming the opportunity to provide additional information
because of the novelty of the subject matter from a scientific and regulatory perspective. We
considered that Pharming had provided a substantive amendment to the original notification, and
that we would not be requesting any additional information from the firm. We reminded
Pharming that we had not yet arrived at a conclusion of ‘no questions’ for GRN 189 and that all
potential outcomes (including ‘no questions,” ‘no basis,” or ‘withdrawal without prejudice’
responses) were still possible. We also reiterated that the outcome of our evaluation was not
formally connected to the results of the proposed public meeting and that our evaluation could be
completed prior to or following the public meeting. However, we would contact Pharming prior
to issuing any letter as a courtesy.

Pharming stated that they appreciated the opportunity for dialogue and would pass suggested
language to us soon.

Jeremiah Fasano

R/D:HFS-255:JMFasano:04/17/2007
Init:HFS-255:RIMerker:04/18/2007
Comment/Init:HFS-255: AMattia:04/18/2007
Edit:HFS-255:JMFasano:05/24/2010
F/T:HFS-255:JMFasano:05/24/2010



DEPARTMENT OF HEALTH AND HUMAN SERVICES

FOOD AND DRUG ADMINISTRATION
MEMORANDUM OF TELECONFERENCE

DATE: May 29, 2007
TIME: 12:40 P.M.
NUMBER: 415-957-0101

PARTICIPANTS:

FDA

Jeremiah Fasano HFS-255

External

Charles Morin Morin & Associates

SUBJECT: Discussion of information relating to recombinant human lactoferrin

Mr. Morin called me regarding the participation of Pharming, whom he represents, in a
planned public hearing on the safety of recombinant human lactoferrin.

Mr. Morin first stated that Pharming wished it to be clear that when the “biological
activities’ of lactoferrin were referred to as a subject of inquiry at the hearing, in this
context this phrase meant immunological activities rather than generic toxicity.

Mr. Morin also stated that Pharming was investigating, and planning to introduce, two
additional kinds of evidence at the hearing. The first was the significance of the long-
established practice of “wet-nursing” in which infants consumed nonparental hLF.
Second, there is limited experience with adult consumption of nonparental human milk
and thus hLF. In light of this evidence, Mr. Morin suggested that parts of the public
hearing notice referring to consumption of nonparental hLF be carefully phrased.

I thanked Mr. Morin for his suggestions and information and we concluded the call.

Jeremiah Fasano

R/D:HFS-255:JMFasano:05/29/2007
F/T:HFS-255:JMFasano:05/26/2010
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ﬁE@EE@E:
JUL 3 0 2007
BY: -.?“ “m
Law Offices Of = "7
Morin & Associates
Suite 1460
388 Market Street
San Francisco, California 94111
Telephone: (415) 957-0101 e-mail: charleslmorin@earthlink.net Facsimile (415)957-5905

July 26, 2007

Antonia Mattia, PhD (HFS-255)

Director

Division of Biotechnology and
GRAS Notice Review

Office of Food Additive Safety © @ Pv
Center for Food Safety and Applied

Nutrition
Food and Drug Administration

5100 Paint Branch Parkway
College Park, MD 20740-3835

Re Pharming Group NV
Notice of GRAS exemption for human
lactoferrin derived from the milk of
transgenic cows expressing a human gene
encoding human lactoferrin
GRN No 000189
Additional information

Dear Dr. Mattia

As both CFSAN and Pharming personnel await the Commissioner's decision
concerning whether, when, and specifically how to conduct the CFSAN-requested
hearing pertinent to transgenically-produced human lactoferrin, please appreciate that
Pharming has expended significant and precious resources for months in preparation
for such hearing. Among the many things Pharming has done as a part of such

preparation 1s to rechallenge the qualified expert views that were set forth in its prior
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Antonia Mattia, PhD
Re: GRN 189

July 26, 2007

Page 2 of 3

“Response” document (dated December 22, 2006) to ensure that such views are, in
fact, representative of the consensus of the qualified expert community, To this end,
Pharming has added two, additional, very qualfied, very broadly-experienced
immunologists to its expert panel — two experts who have no prior consulting or {prior or
current) financial ties to Pharming and who — we have discovered — are fiercely
independent They are.
1. Bana Jabri, MD, PhD
Assoctate Professor
Departments of Medicine, Pathology, and Pediatncs
Committee on Immunology
and
Co-Director
University of Chicago Digestive Disease Research Core
Center
University of Chicago, and
2. Martin F. Kagnoff, MD
Professor of Medicine and Pedatrics
School of Medicine
and
Director
Laboratory of Mucosal Immunology and
The Wm K. Warren Medical Research
Center for Celiac Disease
University of California (San Diego)
(For additional information pertinent to the two experts’ qualifications, please see their
respective CVs, attached as Attachments 1 and 2)
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Antonia Mattia, PhD
Re: GRN 189

July 26, 2007

Page 3 of 3

As their affidavits indicate (see Attachments 3 and 4), both were asked to review
Pharming’'s “GRAS Notification”, Pharming’'s “Response” and the “References” cited in
those two documents and to indicate their evaluations of the substance set forth in the
Response. Importantly, both — “after reviewing and analyzing all of the documents and
Iiterature” — indicated that they agreed with the substantive content of the Response and
the conclusions reached therein by the expert panel of immunologists. Both of these
qualified experts — along with the others — are also helping Pharming prepare its
Hearing Presentation to assure that it reflects only the consensus view of the qualified
expert community.

I thought you would be interested In this information since importantly 1t only
confirms that information which has already been conveyed to you as being the
consensus view of the pertinent, qualified expert community here in question. Please
review and consider this information as we move forward with evaluation of Pharming’s
GRAS request.

Hope you and your colleagues are having a pleasant summer

Sincere
. .

Charfes L. Morin
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CURRICULUM VITAE
Bana Jabri, M.D., Ph.D.

GENERAL INFORMATION

Address

Professional Address

Citizenship

Education

(b) (6)

Untversity of Chicago

Department of Pathology

5841 South Maryland Avenue - MC 1089
Chicago. lHhinoys 60637

Tel. (773) 834 8670

Fax (773) 834-5251

Email. bjabn @bsd uchicago.edu

France

ECFMG (Clinical part) 1986

BA 1n Biochemistry, Université Pans-VII (1988)

M.D Paris, France, Subspeciaiues in Pediatrics and Gastroenterology (1991)
PH D in Biochemustry. Umiversité Pans-VII (1996)

Certification

Board certified, Pans. France (1991)
Specialty board. Pediatnes Subspecialty: Gastroenterology. Paris. France (1991)

Postdoctoral training

1985-1991

1989-1990

1991-1994

Medical Residency, Assistance Publique Hopitaux de Pans, Pans, France

Fellow of the “Fondation pour la Recherche Médicale™, Clinical
Immunology and Immunodeficiency Department, Hopital Necker, Paris,
France (A Fischer and D Guy-Grand)

Foganty Visiung Fellow. Laboratory of Molecular Biology and
Allergology. Nauonal Institutes of Heaith, Bethesda, MD. USA (J.P Kinet)

Academic appointment

1994-1998
02/1999- 2002
1999-present
2002-2005

2005-present

Assistant Professor. Universite Pans V. Hépital Necker, Pans. France
Research Scientist, Princeton Umversity. Pninceton NJ, USA

Lecturer. Center for Immunobiology.Mount Sinai School of Medicine, New
York. NY. USA

Assistant Professor. University of Chicago Department of Pathology.
Chicago. USA Secondary appointment in Medicine and Pediatrics.

Associate Professor. The University of Chicago, Departments of

Medicine. Pathology and Pediatnics. Commttee on Immunology
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2006-present Co-Director of the Umversity of Chicago Digestive Disease Research Core
Center

Hospital appointment
1994-1996 Assistant Professor, Department of Pediatnce Gastroenterclogy. Hopital

Necker Enfants-Malades. Pans, France

Awards and Honors

199] Prize of Excellence 1n Pediatne Gastroenterology
1989-1990 Fellowship of the *Fondation pour la Recherche Medicale”
1991-1992 INSERM fellowship for post Doctoral studies
1992-1994 Fogarty Visiting Fellowship (NIH)

Membership

Amernican Grastroenterology Assoctation
Amencan Immunology Association
International Mucosal Immunoclogy

ADVISORY FUNCTIONS
Study Sections

1994-1998 INSERM Gasiroenterology/Nutnition study section INSERM Pediatnc
study section
2000 Ad-Hoc reviewer for the Celiac Program Project (NIH)
2000-2002 Ad-Hoc reviewer for the Crohn’s and Calius foundation
2005 NIH/NIAID Special Emphasis Panel on "HLA Region Genetics In
Immune-Mediated Diseases”
2006-2009 CCFA review study section
2006 Ad-Hoc reviewer for NIH/NIDDK Gastromntestinal Mucosai Pathobiology
(GMPB) Study Section
2007 Ad-Hoc reviewer for NIH/NIDDK Gastrointestinal Mucosal Pathobiology
(GMPB) Study Sectron
Foundations
2003-present Advisory Board for The Umiversity of Chicago Celiac Disease Program
2004- Medical Advisory Board of the National Foundation For Celiac Dhisease Awareness
2005- Scientific Advisory Board UCSD Celiac Center

Ad-Hoc Reviewer
Immurnity, Journal of Chnical Investigation. Joumnal of Expenmental Medicine, Blood.
Gastroenterology. Journal of Immunology. European Journal of Immunology

UNIVERSITY OF CHICAGO COMMITTEE ASSIGNMENTS

College

2003-present BSCD Govermng Commiites
2006-presem Coliege Counctl

Committee on Immunology

2002 -present Graduate Recruitment Commiuttee
2002-present Cumculum Commutiee
2002-present Serminar Commuttee

2
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2002-2006 Flow Cytometry Facility Commuttee
2003-present Retreat Commuttee

Digestive Disease Research Center

2003-present Executive Board
2004-2006 Drrector of the Pitot and Feasibihty Project
TEACHING
Teaching
2000-2001 Princeton University Undergraduate Iimmunotogy Course 426 (20%)
2003-present Chair of the Specialization in Immunology (College)

2003-present Immunopathology Course BIOS 25528 {Instructor, 80%) (College)
2003-present Advanced Immunology Course BIOS 25257 (20%) (College)

Supervision/Training Responsibilities
Post Doctoral Research Supervisor
Leannc Lee (Medical student) {999-2001 (NK receptor in CTL)

Bertrand Mersesse 2001-2005 {NK receptor in celiac CTL)
Zarahur Hovhannisyan 2002-2005  (Transgiutaminase 1n celiac disease)
Gerasim Orbelyvan 2002-2006 {NK recepror in CTL)

Zhangguo Chen 2003-2005  (NK receptor signaling in CTL)
Sophie de Saint-Mezard 2004-2005  (Intestumal dendntic cells)

William de Paolo 2004- {Host pathogen interactions)
Bofeng L 2006- (Role of IL-15 1n autotommunity)
Graduate and Medical Student Research Supervisor

Rebecca Liu 2003- (NK receptors 1n tumor CTL)

Setty Mala 2004- (Early presentation of celiac disease)
In Young Kim 2006- (Hsp70- roie in Immune reguiation)

Undergraduate Research Supervisor

Lisa Bell (Medical student) 2000 (Transglutaminase in cehac disease)

Alexandra Martin (MSTP) 2001-2002 {Transglutaminase i cehac disease)

Nadine Levin 2005- (!mmune modulation by Yersinia)

Jason Solus 2005- (Regulaton of NKR in CTL)
BIBLIOGRAPHY

Peer reviewed research articles

Cuenod. B . Brousse, N, Goulet, O., De Potter. S . Mougenot, L.F , Ricour, C , Guy-Grand, D.,
Cerf-Bensussan, N 1992 Classification of intractabie diarrhea n infancy using clinical and
immunohistological cnitena Gastroenterology: 99 1037-43

Goulet, O . Kedinger. M . Brousse, N | Cuenod B_, Colomb V . Patey, N , De Potter. S.. Mougenat,
J.F.. Camon. D . Cerf-Bensussan, N , Ricour. C 1995 Intractable diarrhea of infancy with
eprthelal and basement membrane abnormahities J Pediatr:127 212-219
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Scharenberg, A., Lin, S., Cuenod-Jabn, B.. Yamamura |H.. Kinet, I.P. 1995. Reconstitution of
interactions between tyrosine kinases and the high affinity IgE receptor which are controlied by
receptor clustering EMBO J: 14: 3385-3394 ‘

Donadieu, J., Camoni, D., Cuenod. B., Fraitag, S., Bodemer, C., Stephan, J.L., Signaux, F., Deist,
F., Schraub, S.. Ranfraing, LE., Gnscelli,C., Brousse, N. 1996. A familial T-cell Lymphoma
with 8 Phenotype and an original location. Cancer, 77: 1571-1574.

Guy-Grand, D.. Cuenod-Jabn, B., Malassis-Seris, M., Selz, F., Vassalli, P 1996. Complexity of the
mouse Gut cell-immune system: identification of two distinct natural Killer-T cell intraepithelial
lineages. Eur J Immunol; 26: 2248-2256.

Cuenod-Jabri, B., Zang, C., Scharenberg. A., Paolim, R., Numerof, R., Beaven, M, Kinet, J.P.
1996. Syk dependent phosphorylation of she: a hink between the high affinity IgE receptor and
the Ras-MAP kinase signaling pathway. J Biol Chem; 27:16268-16272.

Patey, N., Scoazec, 1.Y., Cuenod-Jabri, B., Canioni, D., Kedinger, M., Goulet, O., Brousse, N.
1997. Distribution of cell adhesion molecules in 1nfants with intestinal dysplasia (Tufting
enteropathy). Gastroenterology, 113:833-843,

Lacaille, F, Cuenod, B , Colomb, V., Jan, D., Canioni, D., Revillon, Y., Ricour, C.. Goulet, O.
1998. Combined liver and small bowel transplantation in a child with epithelial dysplasia. J.
Pediatr Gastroenterol Nutr; 27: 230-3.

Bonnerot, C., Briken, V., Brachet, V., Lankar, D., Cassard, S., Jabri, B., Amigorena, S. 1998. Syk
protein kKinase regulates Fc receptor gamma-chain-mediated transport to lysosomes. Embo J:
17:4606-4616.

Celher, C., Patey. N., Mauvieux, L., Jabr, B, Delabesse. E., Cervony, J-P., Burtin, M-L., Guy-
GranD, D., Bouhnik, Y., Modiglian, R.. Barbier I-P., Macintyre, E., Brousse, N., Cerf-
Bensussan, N 1998. Abnormal intestinal intraepithelial lymphocytes in refractory sprue.
Gastroenterology; 114: 471-481.

Park., SH., Guy-Grand, D., Lemonnier, FA., Wang, CR, Bendelac, A., Jabri, B. 1999. Selection
and expansion of CD8au+TCRap+ mtestinal intraepithelial lymphocytes in the absence of both
classical MHC class I and non classical CD1 molecules. J Exp Med; 190:885-890.

Patey. N., Celher, C., Jabri, B.. Delabesse, E., Verkarre. V., Roche, B., Lavergne, A., Briere, ],
Mauvieux, 1... Leborgne, M., Barbier, JP., Modiglani, R., Matuchansky, C., Macintyre E., Cerf-
Bensussan, N_, Brousse, N. 2000. Distinction between coeliac disease and refractory sprue: a
simple immunohistochemical method. Histopathology, 37-70-77

Cether, C., Delabesse, E., Helmer, C.. Patey, N., Matuchansky, C., Jabri, B., Macintyre, E., Cerf-
Bensussan, N., Brousse, N. 2000. Refractory sprue, coeliac disease, and enteropathy-associated
T-cell lymphoma. French Coeliac Disease Study Group. Lancet; 356:203-208.

Jabn. B.. Patey, N., Cellier, C , Gache, C., Carvatho, C., Mougenot, JF., Allez, M., Jian, R.,
Desreumaux, P., Colombel, IF., Matuchansky, C., Cugnenc, H., Lopez-Botet, M., Vivier, E.,
Moretta, A., Guy-Grand, D., Brousse, N , Schmitz, J , Cerf-Bensussan, N. 2000. Selective
expansion of intraepithehal lymphocytes expressing the HLA-E specific NK receptor CD94 in
Cehac Disease. Gastroenterology: 118:867-879.

Roberts, AL, Lee, L , Schwarz, E., Groh,V., Spies, T., Ebert, CE., Jabri. B, 2001. Cutting Edge:
NKG2D receptors induced by IL1S costimulate CD28-negative effector CTL 1n the tissue
microenvironment. J Immauneol. 167:5527-5530.

Jabr, B, Selby, J., Negulescu, H., Lee, L., Roberts. A.l, Beavis, A., Lopez-Botet, M., Ebert, EC.,
Winchester, RJ. 2002. TCR spectficity dictates CD94/NKG2A expression by human CTL.
Immunity; 17:487-499.
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Green, PH., Fleischauer AT, Baghat G, Goyal, R, Jabri, B, Neugul, AI. 2003, Risk of Malignancy in
patients with celiac disease. Am J Med, 115:191-195. '

Johnson, TC., Negulescu, H., Winchester, R1., Rotterdam, H., Memeo, L., Diamond, B, Catllat
Zucman, S , Grosdidier, E., Cellier, C., Jabri, B., Verkarre, V., Green, PH. The Presence of
HLA-DQ8 Does Not Correlate With Seventy Of Celiac disease, Comparison of New York and
Parisian Cohorts. 2004. Clinical Gastroenterology and Hepatology, 2:888-94.

Meresse, B., Chen, Z, Ciszewski, C., Tretiakova, M., Bhagat, G., Krausz, T.N., Raulet, D.H.,
Lanier, L.L., Groh, V_, Spies, T., Ebert, E.C., Green, P.H., Jabn, B. Coordinated inducation by
IL-15 of a TCR-independent, NKG2D signaling pathway converts CTLs into natural killer-like,
lymphokine activated killer (LAK) cells in celiac discase. 2004 Immunity, 21:357-366.

Overhem, KA, Depaolo, R.W., Debord, K.L., Morrn, E.M., Green, N.M., Anderson, D., Brubaker,
R.R, Jabn, B., Schneewind, O.. Plague vaccines lacking the immune modulatory properties of
rlerV. 2005. Infect and Immun, 73:5125-9

Marketon, M.M., Depaolo, R W_, Debord, K.L., Jabn, B. Type Il injection of select immune cells
during plague infections. 2005. Science, 309:1739-41

DeBorad, K.L , Anderson, D.M., Marketon, M M., Overheim, K.A., DePaolo, R.W., Ciletti, N.A,,
Jabri. B., Schneewind, O. immunogenicity and protective immumty against bubonic plague and
pneumonic plague by immunizaton of mice with the recombinant V10 antigen, a vanant of
LerV. 2006. Infect Immun, 74:4910-4.

Meresse, B. Curran, S.A.. Ciszewski, C., Orbelyan, G., Setty, M., Bhagat, G., Lee, L., Tretiakova,
M., Semrad, C, Kistner, E., Winchester, R.J., Braud, V., Lanier, L.L., Geraghty, D., Green,
P.H., Guandalini, § and Jabn. B. Reprogramming of CTLs into natural killer-like cells in
celiac disease. 2006. Journal of Experimental Medicine, 203:1345-55

Perera L., Shao, L., Patel, A., Evans, K., Meresse, B., Blumberg, R., Geraghty, D., Groh, V., Spies,
T., Jabri, B., Mayer. L. Expression of nonclassical class I molecules by intestinal epithelial cells.
2007. Inflamm Bowel Dis 19:298-307

Invited reviews

Peer reviewed:

Green, P.H.R. and Jabri, B. 2003. Seminar: Coeliac disease. Lancet, 362: 383-39]

Sollid, L.M. and Jabri, B. 2005. Is celiac disease and autoimmune disease? Curr Opin Immunol,
17:1-6

Jabri, B. and Soilid, L.M. 2006. Mechamsms of disease. Immunopathogenesis of Celiac Disease.
Nature Clinical Practice Gastroenterology & Hepatology, 3:516-25

Non Peer invited reviewed

Cuenod. B , Cerf-Bensussan, N. 1992. Immunology of intractable diarrhoea. Immunology of
Gastrointestinal Diseases, Eds: Mc Donald TT, Kluwer Academic Publishers, pp: 75-85.

Jabri, B, Kasarda, DD., Green, P H.R 2005 Cehac Disease Immunol Rev, 206:219-31

Jabri, B. and Meresse, B. 2006. NKG2 receptor-mediated regulation of effector CTL functions in
the human tissue rmcroenvironment. Curr Top Microbiol Immunol, 298:139-56. Review.

Green PH, Jabri B. 2006. Celiac Disease. Ann Rev Med, 57:207-21.

Jabn B. and E.C. Ebert. Human CDS§ intraepithelial lymphocytes. a unique model to study the
regulation of effector cytotoxic T lymphocytes 1n tissue  Immunol Rev. 215:202-14

Scientific meetings
Organization

S 000388



AGA DDW Abstract review {2000-present)

International Congress of Mucosal Immunity Abstract review (2002)

12™ International Congress of Mucosal Immunity Steering Committee (2004)
Co-organizer of 12" International Celiac Symposium (2006)

Invited Plenary Talk

- Conference on Mucosal Immunity. Bruxelles, Belgium, 1993

Workshop on Intestinal Inflammatory disease (GETAID). Paris, France, 1996
Workshop on classifications of food allergies Washington DC, USA, 1999

- Workshop on Intestinal Immunity. Pontoise, France, 2000

Third International Workshop on Autoimmunity and Lymphoma. Baltimore, MD, USA, 2001
- Tenth International Symposium on Coeliac Disease Paris, France, 2002
Autoimmune diseases of the digestive tract (organized by the Spanish Society of Immunology),
Cordoba, Spain, 2004

Spanish meeting of Immunology. Cordoba, Spain, 2005

- Workshop on ‘Genetic control of T cell activation’, Lofoten, Norway, 2005

- Keystone Symposium on Innate [mmunity to Pathogens, Colorado, USA, 2005

- Dageraad Symposium : “MHC class [ (like) molecules: Effects and Defects ", Leiden,
Netherlands, 2005

- 9% Meeting of the Soctety for Natural Immunity. Hawai1. 2005

- Keystone Symposium on Innate Immune recogmition. 2006

- DDW, Los Angeles, CA, 2006

- AAI meeting, Boston, 2006

- IL.-15: Basic research and clinical applications. NIH, Bethesda, 2006.

- X1I International Celiac symposium, New York, 2006

- ESPGHAN, Barcelona, Spain, 2007

Chair

- Tenth International Symposium on Coeliac Disease. Paris, France, 2002

- AGA DDW, State of the Art lecture on the pathogenesis of celiac Disease. Orlando, FL, 2003
- International mucosal Immunity meeting, Boston, USA, 2005

- AGA DDW, Pathogenesis of Celiac disease, Los Angeles, 2007

- AAL Boston, 2006

- AGA DDW., Pathogenesis of Celiac disease, Washington DC, 2007

Oral Presentations of Abstract

- Keystone Symposium, Mucosal Immumty, USA, 1999

- Keystone Symposium, Interface between Innate and Adaptive Immunity, USA, 2001
- Keystone Symposium, Lymphocyte Activation, USA, 2002

- 7 Annual Meeting of the soctety for Natural Immunity, Puerto Rico, USA, 2002 (plenary talk)
- AGA, DDW, San Franciso, USA, 2002
- AGA. DDW, New Orleans, USA, 2004

- Eleventh International Symposium on Coeliac Disease, Belfast, Ireland, 2004 {pienary talks)

Extramural Seminar Speaker
- Institut Pasteur, Paris, 1999
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- Hopital Necker-Enfants-Malades, Paris, 2000

- Columbia University, NY, 2000

- Johns Hopkins, Baitimore, 2001

- Harvard University, Boston, 2002

- Columbia University, NY, 2003

- Mayo Clinic, Rochester, 2003

- Columbia University, NY, 2004

- Institut de Pharmacologie Molécularre et Cellulaire, Nice, 2004
- Cehac Disease Foundation, Stanford, 2004

- Scripps, San Diego, 2005

- University of Oslo, Norway, 20035

- University of Naples, Italy, 2008

- University of Lausanne, Lausanne., 2005

- Institut Cune, Panis, 2005

- UCSD Celiac Center, San Diego, 2006

- Mount Sinai Immunobiclogy Center Seminar Series. 2007
- NIH Twinbrook seminar series 2007

- UCSD Celiac Center, San Diego, 2007

- Insutute of Immunology, University of Oslo, Osla, 2007

- Institut Pasteur, Pans, 2007

Research Funding

Past funding.

1. Investigator Award 1n France (1996-1998)

2. DDRC P&F study (P30 DK42086): ‘NKG2 Receptors and [EL in celiac disease’ (2003-2004)
3 NIH/ NIDDK 058727-06 (P1)

Project period- 9/1/01-6/30/06

Titie: Regulation of Human IELs by CD94 and HLA-E

Present funding:

Principal Investigator.

I Granting agency or source: NIH/ NIDDK (058727-07Al
Project period: 7/1/06 — 6/30/11

Title: Regulation of normai human IEL by NKG2D and IL-15

2. Granting agency or source: NIH/ NIDDK 067180-01A1
Project period: 12/01/04-11/30/09
Title: 1IEL and NKG2 receptors in celiac disease

Co-Investigator
1. Granting agency or source: NIH/NIAID U54 A1057153-01 (PI Schneewnd)
Project period- 09/01/03-8/31/08

Title: Great Lakes regional center for excellence on Bioterronism: Molecular Analysis and
Intervention

2. Granting agency or source: NIH/ NIDDK P30 DK42086 (PI E. Chang)
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Project peniod- 12/1/05-11/30/10
Thtle: IBD and Mucosal Inflammation, Immunology and Microbiology of the GI Tract
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Curriculum Vitae
Martin F. Kagnoff, M.D.

Address
Office Home
University of California, San Diego (b) (6)
Department of Medicine, 0623D
9500 Gilman Drive

La Jolla, California 92093-0623

Telephone and Fax
(858) 534-4622 (telephone)
(858) 534-5691 (fax)

Email
mkagnoffi@ucsd.edu

Laboratory URL Web sites
http://medicine.ucsd.edu/mucosalimmunology
http://celiaccenter.ucsd.edu

Place of Birth
Vancouver, British Columbia, Canada (U.S. Citizen)
Education
M.D. 1965 Harvard Medical School, Boston, MA

Professional Experience
2005-pres Director, Wm. K. Warren Medical Research Univ. of California, San Diego, CA
Center for Celiac Disease

2003 - present  Professor of Pediatrics Univ. of California, San Diego, CA
1983 - present  Professor of Medicine Univ. of California, San Diego, CA
1976 - 1983 Assoc. Professor of Medicine Univ. of California, San Diego, CA
1972 — 1976 Assist. Professor of Medicine Univ. of California, San Diego, CA
1972 — 1974 Visiting Scientist Salk Institute, La Jolla, CA

1970 — 1972 NIH Trainee in Gastroenterology Boston Univ. School of Medicine, MA
1969 — 1970 Senior Resident in Medicine New York Hospital, Comnell University
1967 — 1969 Lt. Commander, U.S.Navy, Principal Armed Forces Radiobiology Research

Investigator, Dept. of Experimental Pathology  Institute, National Naval Medical Center,
Bethesda, MD

1965 - 1967 Intern and Junior Resident in Medicine Peter Bent Brigham Hospital (currently,
Brigham&Women’s Hospital), Boston, MA
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Board Certification
“ e American Board of Internal Medicine
e American Board of Gastroenterology

Professional Memberships

American Gastroenterological Association
American Association of Immunologists
American Association of Physicians
American Society for Clinical Investigation
American Physiological Society

Fellow, American College of Physicians
Western Association of Physicians

Society for Mucosal Immunology
Gastroenterology Research Group

Career Awards
1972-1975  Clinical Investigator Award, NIH
1975-1980  Research Career Development Award, NIH

1985 Western Gastroenterology Research Prize
1994 Fiterman Senior Research Award, American Gastroenterology Association
2001 Rotschild Mayent Award, Institut Curie, Paris France

2004-2005 UCSD Academic Senate Distinguished Faculty Research Lecture in the Sciences

Current Research Support
e National Institute of Diabetes, Digestive and Kidney Diseases (5 P01 DK35108)
Principal Investigator: Martin F. Kagnoff, M.D.
Title: "Intestinal Immune System in Host-Environment Interaction"

¢ National Institute of Diabetes, Digestive and Kidney Diseases (5 R01 DKS8960)
Principal Investigator: Martin F. Kagnoff, M.D.
Title: “Intestinal Epithelial Response to Foodborne Pathogens”

e The William K. Warren Foundation

Principal Investigator and Program Director: Martin F. Kagnoff, M.D.
Title: Center for Celiac Disease Research
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Selected University of California Committees and Activities (1984-present)

1984-1985
1984-1985
1985-1987
1987-1989

1987-1989
1987-1995
1987-1990
1989-1990
1989-1992
1990-1992
1990-1992
1991-1992

1991-1995
1991-pres
1991-pres
1992-1994
1997-pres

1999-2001
1999-2000
2001-pres
2002-pres

2003-pres
2003-2004
2003
2004-2007

Chair, School of Medicine Core Curriculum Committee

Member, School of Medicine Committee on Educational Policy

Chair, Faculty Senate Committee on Academic Freedom, UCSD

Chair, University of California Systemwide Academic Senate Committee on Academic
Freedom

Chair, Pathophysiology Course Committee, SOM 215

Member, School of Medicine, SBH Prize Committee

Member and Chair (1989-1990), Nominating Committee, UCSD School of Medicine
Chair, Nominating Committee, UCSD School of Medicine

Member, University-wide Task Force on Mandatory Retirement

Member, Faculty Council, School of Medicine

Chair, Committee on Educational Policy (CEP), School of Medicine

Member, Faculty Council Subcommittee on Eastern European Medical School
Exchange Programs

Member, Dept. of Medicine Committee on Academic Personnel (Promotions)

Member, School of Medicine Graduate Program in Biomedical Sciences

Member, School of Medicine Graduate Program in Molecular Pathology

Chair, Executive Committee, UCSD Division of Gastroenterology

Director, NIH Institutional Research Service Award in Digestive Diseases and Director,
Research Training Program, Division of Gastroenterology

Member, Research Residency Committee, Dept. of Medicine

UCSD Committee on Conflict of Interest, Ad hoc member

Member, Minor Proposition Committee, Biomedical Sciences Graduate Program

Ad hoc Review Committees, UCSD Committee on Academic Personnel, and School of
Medicine Committee on Academic Personnel

Member, UCSD Cancer Center

Member, Dean’s review commitiee, Department of Ophthalmology, School of Medicine
Member, DOM Search Committee for Chief, Division of Gastroenterology

Chair, Department of Medicine/Division of Gastroenterology Search Committee for two
tenure-track faculty members.

Selected Qutside Activities (1991-present)

1991 -pres

1991-2001
1991-1993
1991-1996
1992-1997
1992-1994
1992-1993

1992-1999

Member, Scientific Advisory Board, Celiac Sprue Assoc., USA

Member, Advisory Board, Digestive Diseases Center, Harvard Medical School
Member, American Gastroenterological Association Research Committee

Member, Editorial Board, Gastroenterology

Member, Biomedical Research Review Panel, Alberta Heritage Foundation

Member, Basic Sciences Study Section, State of California, AIDS Research Program
American Gastroenterological Association Research Committee; Chair, Senior
Fellowship Awards Subcommittee

Chair, NIH, Special Study Section on Mucosal Vaccines

Chair, NIH, Special Study Section on AIDS Vaccines

Member, NIH, Special Study Section on Sexually Transmitted Diseases

Member, NIH, Special Study Section on HIV and Wasting
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Selected Outside Activities (1991-present), continued

1995
1996

1996-pres
1997-2003

1999-2004
1999-2000
1999
2000-2004
2000

2001-2004
2001-2004

2001-2003
2002
2002
2002-2005

2002-2005
2003

2003-2004
2003-2005
2003-pres

2003-2005

2004-pres
2004-pres

2004-2006

2004-pres
2004

Member, NIH, Special Study Section on H. pylori Infection

Organizer and Conference Director, 8" International Congress of Mucosal Immunology,
San Diego

Co-Director, Keystone Symposia on Molecular and Cellular Biology, “Mucosal
Immuraty: Cellular and Molecular Cross-Talk at Mucosal Surfaces™.

Member, Medical Advisory Board, Celiac Disease Foundation

Member, Steering Committee, Gastrointestinal Diseases Section, American Physiological
Society.

Student Group Advisor, Medical Scientist Training Program

Member, Conflict of Interest (IRC) Ad Hoc Committee

Member, Scientific Organizing Committee, 10™ International Congress of Mucosal
Immunology

Vice Chair, Immunology, Microbiology and Inflammatory Bowel Disease Section,
Council of the American Gastroenterological Association.

Organizer and Conference Director, Keystone Symposium on Molecular and Cellular
Biology, “Innate and Acquired Immunity at Mucosal Surfaces™.

Member, Research Committee, American Gastroenterological Association

Mempber, External Advisory Committee, Mt. Sinai School of Medicine Research Program
in Immunobiology.

Scientific Advisory Council & Organizing Committee for the 11" International Congress
of Mucosal Immunology

Organizer and Conference Director, Keystone Symposium on Molecular and Cellular
Biology, “Epithelial-Microbial-Lymphocyte Interactions”

Session Chair, Microbial-Mucosal Interactions Workshop, Harvard Medical School
Senior Faculty Advisor, Anmual “IBD Research: Junior Faculty Symposium”,
Northwestern Univ Medical School, Chicago, IL and Johns Hopkins Univ., Baltimore,
MD

Member, Scientific Advisory Board, Celiac Sprue Research Foundation

Chair, Immunology and Microbiology Symposium, “Bacteria Meet the Intestinal
Epithelium: Strategic Encounters,” Annual American Gastroenterology Association
Meeting, Orlando, FL.

Organizing Committee for NIH Consensus Conference on Celiac Disease

Member, Steering Committee, 12th International Conference of Mucosal Immunology
Member, Editorial Board, American Journal of Physiology; Gastrointestinal & Liver
Physiology

Scientific Organizer, New York Academy of Sciences International Symposium on
Inflammatory Bowel Disease, Germany.

American Physiological Society, Publications Committee

Member, External Advisory Board, Digestive Diseases Research Center, Univ. of
Virginia

Chair, Immunology, Microbiology, & Inflammatory Bowel Disease Section, Council of
the American Gastroenterology Association.

Member, Advisory Board, National Foundation for Celiac Awareness

Associate Editor, Encyclopedia of Gastroenterology, Elsevier Academic Press.
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Selected Outside Activities (1991-present), continued

2004

2007-pres
2007

Coordinator & Session Chair, Symposium on “Intestinal Parasites: Friends and Foes,”
Chair, AGA Distinguished Abstract Plenary Session on Immunology, Microbiology,
and Inflammatory Bowel Disorders, annual meeting of American Gastroenterological
Assoc., New Orleans, LA

Section Co-Editor, “Host responses to E coli and S. fypmmurium, Eco-Sal Handbook,
ASM Press.

External Reviewer NICDR intramural NIH program in Mucosal Immunology and
Inflammation

Councillor, Society for Mucosal Immunology

Senior Mentor, AGA Symposium for Junior Faculty in Inflammatory Bowel Diseases

Reviewer for Editorial Boards (2002-present)

e Science e Journal of Immunology

e Cell e Journal of Experimental Medicine
e Nature Medicine e Infection and Immunity

e Nature Immunology e American Journal of Physiology

e Gastroenterology e American Journal of Pathology

e New England Journal of Medicine e Journal of Clinical Investigation

Journal Editorships and Editorial Boards

1992-1996
1994-1999
1995-2005
1996-1997
1997-2003
2003-pres

2005

Grant Reviews
1992-1999
1999
2000-pres

2003-2005

2006

Associate Editor, Journal of Clinical Investigation

Associate Editor, the Journal of Immunology

Member, Editorial Board, Scandinavian Journal of Inmunology

Editor, Journal of Clinical Investigation

Editor in Chief, American Journal of Physiology: Gastrointestinal & Liver Physiology.
Member, Editorial Board, American Journal of Physiology: Gastrointestinal & Liver
Physiology

Guest Editor, Seminars in Immunopathology volume, “Immunopathology of the
Gastrointestinal Tract.”

Chair, NIH, Special Study Section on Mucosal and Synovial Gene Transfer

Chair, NIH Special Study Section on Celiac Disease

Ad Hoc Grant and Program reviews for National Institutes of Health and the Medical
Research Council of Canada,.

Member, Gastrointestinal Mucosal Pathobiology Study Section, (GMPB), National
Institutes of Health

Invited International Reviewer, Qanu Celiac Disease Consortium, The Netherlands
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Selected Seminars and Lectures (1995 - present)

01/95

03/95

04/95

05/95

05/95

07/95
09/95
09/95
09/95

10/95
11/95
11/95
01/96
02/96

03/96
03/96

04/96
05/96

08/96

08/96

09/96
10/96
11/96

01/97
01/97

02/97

03/97

03/97

Speaker, Keystone Symposium on "Mucosal Immunity: New Strategies for Protection Against
Viral and Bacterial Pathogens", Keystone, Colorado

Session Chair, New York Academy of Sciences meeting on "Oral Tolerance: Mechanisms and
Applications”, New York

Speaker, Symposium on "Neuroimmunology of the Gut: Methodological Advances &
Therapeutic Implications", Experimental Biology Mtg, 1995, (FASEB), Atlanta, GA

Speaker, "The Year in Medicine-Gastroenterology/Hepatology", AFCR/ ASCI/AAP Annual
Meeting, San Diego, CA

Session Co-Chair, Digestive Disease Week, American Gastroenterological Assoc. Meeting,
San Diego, CA; Speaker at "Meet the Investigator” session, DDW, San Diego, CA

Plenary Speaker , 8th International Congress of Mucosal Immunology, San Diego, CA

Speaker, Celiac Sprue Association (CSA/USA) Regional Meeting, San Diego, CA

Seminar, Czech Academy of Sciences, Institute of Microbiology, Prague, Czech Republic
Speaker, 4th United European Gastroenterology Week, Berlin

Plenary Speaker, Celiac Sprue Association (CSA/USA) annual meeting, San Francisco, CA
Plenary Speaker, 3rd Seoul International Digestive Disease Symposium, Seoul, Korea

Speaker, U.S./Japan Cholera and Related Diarrheal Disease Panel, Kiawah, South Carolina
Speaker, Alberta Gastroenterology Society, Edmonton, Alberta, Canada

External Examiner and Official Opponent for Ph.D. Thesis of William W. Agace, Department
of Microbiology, University of Lund, Lund, Sweden

Visiting Professor, Division of Gastroenterology, Stanford University, Stanford, C

Speaker, Oral Tolerance Workshop, American Association of Allergy/ Immunology, New
Orleans, LA

Visiting Professor, Division of Gastroenterology, University of Illinois, Chicago, IL

Chair and Invited Speaker, Celiac Disease Symposium, American Gastroenterological
Association annual meeting, Digestive Disease Week, San Francisco, CA

Speaker, Argentine Society of Gastroenterology, Immunological Disorders of the Intestine
Symposia, Buenos Aires, Argentina

Speaker, Boehringer Ingelheim, Ridgefield, Connecticut

Speaker, Seventh International Symposium on Coeliac Disease, Tampere, Finland

Speaker, American College of Gastroenterology Postgraduate Course, Seattle, WA

Session Chair and Invited Speaker, Third European Science Foundation Conference on
Microbial Pathogenesis, Obernai, France

Speaker, NIH, Mucosal Think tank on HIV vaccines, Washington, DC

Member, Scientific Organizing Committee & Session Chair, 9" International Congress of
Mucosal Immunology, Sydney, Australia

Speaker, Canadian Association of Gastroenterology Symposium, “Role of Bacteria in
Gastrointestinal Disease”, Quebec City, Canada

Conference Organizer and Speaker, Inflammatory Bowel Disease (IBD) Symposium,
Boehringer Ingelheim Pharmaceuticals, Inc. Ridgefield, CT.

Conference Organizer, Keystone Symposia on Molecular and Cellular Biology, “Mucosal
Immunity: Cellular and Molecular Cross-Talk at Mucosal Surfaces;” Session chair and
Speaker “Cross-Talk Between Bacterial Pathogens and Epithelial, Lymphoid and Antigen-
Presenting Cells,” Santa Fe, New Mexico
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Selected Seminars and Lectures (1995 - present), continued

05/97
10/97
10/97
11/97
02/98
03/98
03/98
05/98
5/98

09/98

09/98
10/98

10/98

11/98

12/98
01/99

02/99

04/99

05/99

07/99

05/99

09/99

Speaker and Session Chair, American Gastroenterological Association Digestive Disease
Week, May 10-16, 1997, Washington, DC

Speaker, Annual Meeting Celiac Sprue Association/United States of America, Inc., Seattle,
WA,

Speaker, Visiting Professor UCLA Dental Research Institute, Los Angeles, CA

Speaker, 1997 American College of Gastroenterology Postgraduate Course, Chicago, IL.
Speaker, Annual Symposium of Harvard Center for the Study of Inflammatory Bowel Disease,
Boston, MA

Visiting Professor, Immunology Graduate Program and GI Division, University of Virginia,
Research Seminar and Clinical talks, Charlottesville, VA

Speaker, Falk Symposium, “Induction and Modulation of Gastrointestinal Inflammation,”
Saarbriiken, Germany

Speaker, NIDDK Interagency Coordinating Committee, “Celiac Disease, ” Bethesda, MD
Speaker, 1998 Pediatric Academic Society Annual Meeting, New Orleans, LA.

Session Chair, American Gastroenterological Assoc. Research Forum “Mucosal Immunology,”
1998 American Gastroenterology Association Annual Meeting, New Orleans, LA

Invited Participant, NIH Workshop on “Mycobacterium Avium Complex (MAC)
Immunopathogenesis,” Rockville, MD

Keynote Speaker, 1* International Congress on Spondyloarthropathies, Gent Belgium
Speaker, Washington University Symposium “Gut mucosal-microbial interactions,” St. Louis,
MO

Co-Organizer, Session Chair and Speaker, Falk Symposium “Intestinal Mucosa and its
Diseases — Pathophysiology and Clinics,” Titisee, Germany

Speaker, 8™ Annual Symposium, Harvard Center for the Study of Inflammatory Bowel
Disease, “Lymphocytes and IBD: Current Paradigms of Disease Mechanisms and Treatment,”
Boston, MA

Speaker, Course: Gastroenterology and Hepatology for Primary Care Physicians, La Jolla, CA
Keystone Symposium: Chemokines & Chemokine Receptors, Presentation on “Human
Intestinal Epithelial Cells Express an Array of CC and CXC Chemokine Receptors,” Keystone,
CO.

Speaker, 3" Annual Winter H. pylori Workshop: Developments and New Directions in
Helicobacter Research' From the Basic Laboratory to the Patient, “Microbial/Mucosal
Interactions: Lessons from Other Systems, Orlando, FL.

Speaker, Session and Chairman, 8" International Symposium on Coeliac Disease, “HLA genes
n coeliac disease, " Naples, Italy

“State of the Art” Speaker on “Celiac Disease,” Invited Session Chair, Research Forum
“Mucosal Immunology-Immune Regulation, ” Host: Meet the Professor Lunch — “Microbial
FEpithelial Cell Interactions,” Digestive Disease Week/American Gastroenterological Assoc.
Annual Meeting, Orlando, FL

Invited Speaker, Symposium on Celiac Disease in Memory of Prof. Margot Shiner, Tel-Aviv
University Medical School, Israel

Keynote Speaker, Swedish Medical Research Planning Group for Intestinal and Gastric
Diseases, Soderkdping, Sweden

Research Seminar, Pasteur Institute, Paris, France
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Selected Seminars and Lectures (1995 - present), continued

09/99
12/99

01/00

02/00

03/00

04/00
04/00

04/00

05/00

08/00

09/00
09/00

12/00

03/01

03/01
04/01
07/01
09/01

09/01

09/01-
11/01
10/01

10/01
11/01
11/01
01/02
04/02

05/02

Visiting Professorship and IZKF lecturer, University of Muenster, Germany

Invited Speaker, Center for the Study of Inflammatory Bowel Disease Workshop on
“Paradigms of Microbial-Mucosal Interaction”, Massachusetts General Hospital, Boston, MA
Conference Organizer, Session Chair and Invited Speaker Keystone Symposium “Innate and
Acquired Immunity at Mucosal Surfaces,” Taos, NM

Invited Speaker, Cystic Fibrosis Foundation Conference on Infection and Inflammation,
Chantilly, VA

Invited Speaker, Immune Deficiency Foundation Sponsored Symposium, American Academy
of Allergy & Asthma & lmmunology Annual Meeting, San Diego, CA.

Visiting Professorship, University of North Carolina, Chapel Hill, NC

Invited Speaker and Symposium Organizer “Epithelial-Microbial Interactions - Lessons in
Communication,” Experimental Biology 2000, San Diego, CA

Invited Speaker and Participant, NIH Think Tank “The Biology of HIV Transmission Think
Tank,” Warrenton, VA

Invited Speaker: “How to Get Published in GI Literature,” Invited Session Moderator,
“Bacterial-Immune Interactions at the Mucosal Interface,” Invited Speaker: “What's New in
Celiac Sprue?” American Gastroenterological Assoc. Annual Meeting, Orlando, FL
Symposium Co-Organizer and Invited Speaker, “9” International Symposium on Celiac
Disease,” Baltimore, MD

Visiting Professor, Mayo Clinic, Rochester, MN

Invited Speaker, NIAID “Developing Immune System Frontiers in Knowledge,” Arlington,
VA.

Invited Discussant, “Mucosal Signaling Pathways” Meeting of the Crohn’s & Colitis
Foundation of America, Amelia Island, FL.

Invited Speaker, 1st Annual Workshop on Immunogenetic Mechanisms of Intestinal
Inflammation: Role of Cytokines and Chemokines, Univ. of Virginia, Charlottesvile, VA
Speaker and Participant, NIH Human Immunology Think Tank, Chantilly, VA

Speaker and Session Chair, Gut Ecology Workshop, Las Vegas, NV

Symposium Speaker, 11" International Congress of Immunology, Stockholm, Sweden
Keynote Address, 56" Annual German Society of Gastroenterology Meeting, Muenster,
Germany

Invited participant, EMBO Conference on “Microfilament Function and Regulation in Cell
Polarity,” Gien, France

Invited Speaker for a series of 5 biweekly honorary Mayent-Rothschild research seminars on
the theme: “Epithelial Cells: Lessons in Communication”, Institut Curie, Paris France
Invited Faculty Member and Lecturer, course on “Advances in Mucosal Immunity”, Naples,
Italy

Invited Research Seminar, Institut Pasteur, Paris France

Invited Research Seminar, University of Auvergne, Clermont-Ferrand, France

Invited Research Seminar, University of Tours, Tours France

Invited Speaker, NIH Workshop: Animal Models of Autoimmunity, Bethesda, MD

Keystone Conference Organizer, Speaker and Session Chair “Microbial-Epithelial-Lymphocyte
Interactions in Mucosal Immunity,” April 5-10, 2002, Breckenridge, Colorado

Invited Speaker, ULCA Dept of Pathology, Grand Rounds, Los Angeles CA
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Selected Seminars and Lectures (1995 - present)

05/02

06/02
06/02
02/03

03/03

03/03
04/03
06/03

07/03
10/03

10/03
3/04

04/04
04/04

5/04

5/04

06/04

6/04

7/04

10/04

10/04
11/04
11/04

03/05

04/05

04/05

Invited Chair, Symposium on Food Poisoning:Spectrum 2002 and Immunology, Microbiology
and Inflammatory Bowel Disease Plenary Session, Annual Scientific Meeting, American
Gastroenterological Association meeting, San Francisco, California

Invited Speaker “Distinguished Research Faculty Lecture™, Hospital Necker, Paris France
Invited Keynote speaker, International Symposium on Celiac Disease, Paris, France

Invited Speaker, Symposium on “Innate Immunity and the Gut,” Canadian Digestive Disease
Week, Banff, Canada

Invited Speaker: Immunogenetic Mechanisms of Intestinal Inflammation, Role of the
Epithelium, University of Virginia, Charlottesville, VA

Invited Seminar, University of Milan, Dept. of Biotechnology, Milan, Italy

Invited Speaker, Conference on “Translational Research in Autoimmunity,” Portofino, Italy
Invited Speaker, Falk Symposium No. 133 “Mechanisms of Intestinal Inflammation:
Implications for Therapeutic Intervention in IBD,” Berlin, Germany

Invited Seminar, Celiac Disease, Genentech, South San Francisco

Visiting Professor and Seminar Speaker, “Program in Microbiology/Immunology,” Tulane
University, New Orleans

Invited Speaker, 26™ Annual Celiac Sprue Association Annual Meeting, Buffalo, N.Y.
Invited Speaker, Dept of Pediatrics Postgraduate Course, Update on Celiac Disease,
Children’s Hospital, San Diego, CA.

GI Grand Rounds on Celiac Disease, Department of Medicine, Columbia University.

Invited Symposium Speaker, Experimental Biology, Amer. Assoc. of Immunologist
Meeting, Washington, DC

Invited Senior Advisor and Reviewer, CCF sponsored Inflammatory Bowel Disease
Junior Investigator Symposium, Northwestern University, Chicago, IL

Organizer, Research Symposium on Intestinal Parasites, American Gastroenterology
Assoc. annual meeting, New Orleans

Invited Speaker, NIAID Biodefense Workshop, Animal Models for Radiation Injury,
Protection, and Therapy, Washington, DC.

Conference Organizer and Invited Speaker: NIH Concensus Conference on Celiac
Disease, Bethesda, MD

Invited Speaker, International Conference on Microbial-Epithelial Interactions, Newcastle
upon Tyne, United Kingdom

Invited Advisor/Speaker, University of British Columbia, Canada-wide Project on
Functional Pathogenomics of Mucosal Immunity, Vancouver, Canada

Invited Keynote Speaker, Celiac Sprue Assoc. Annual Meeting, Oklahoma City, OK.
Invited Speaker, PRISM Lecture, UCSD School of Medicine.

Invited Discussant, Center for the Study of Inflammatory Bowel Disease Symposium on
“Stem Cells, Development, and Differentiation,” Harvard Medical School, Boston, MA.
Invited Speaker on “Role of Intestinal Epithelium in Initiating and Regulating Mucosal
Inflammation,” Berlex Biosciences Meeting on “Recombinant Human GM-CSF in
Crohn’s Disease,” Berkeley, CA.

Visiting Professor, Grand Rounds Speaker & Seminar Speaker, Dept of Medicine and
Division of Gastroenterology, Rush School of Medicine, Chicago, IL

Invited Speaker, National Cancer Institute Workshop on “Mucosal Immunosurvelliance,
Inflammation, and Cancer,” Bethesda, MD
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Selected Seminars and Lectures (1995 - present), continued

05/05

05/05

02/06

03/06

03/06

05/06

05/06
06/06

11/06

11/06
05/07
05/07

Speaker on “Pathogenesis of Celiac Disease,” & Co-chair, Symposium on “Celiac
Disease: A significantly underdiagnosed multi-system disorder,” & Chair, “Immunology,
Microbiology, & Inflammatory Bowel Disorders™ Distinguished Abstract Plenary Session,
American Gastroenterological Assoc. Annual Meeting, Chicago, IL

Academic Senate Distinguished Faculty Research Lecture in the Sciences, “Epithelial
Cells: Lessons in Communication and Host Defense,” UCSD.

Guest Speaker, International Symposium on Recent Advances in Inflammatory Bowel
Disease, Tokyo, Japan.

Co-Organizer, AGA Host-Microbial Interactions in Digestive Health & Discase, Marina
del Rey, CA

Visiting Professor, Swedish Medical Center, Seattle, WA “What’s New in Celiac Disease:
The Scientific Basis of Gluten Intolerance and Evaluation of the Patient in 2006.”

Chair, “Immunology, Microbiology, & Inflammatory Bowel Disease™ Session, Chair,
“Molecular Basis of Innate Defense in the Intestine” Session, Annual Scientific Meeting,
May 20-25, 2006, Los Angeles, CA

Visiting Professor, Cornell Medical Center, “What s New in Celiac Disease?”, New York.
Speaker, Annual Digestive Disease Center Symposium “Autoimmunity in Digestive
Health and Disease,” June 23, 2006, Stanford, CA

Invited Keynote Speaker, XII International Celiac Diseases Symposium, “Summary of
Scientific Sessions.”

Invited Keynote Address, Korean Annual Gastroenterology Society Meeting, Seoul Korea
Visiting Professor, Univ of Michigan Digestive Diseases Research Center

Univ of Virginia Medical School Wide Lecture on Intestinal Inflammation
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the exogenous hLF and bovine LF. Even If differences in glycosylation pattern
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tests available currently, are those looking for LPS contamination. Interestingly,
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Mannose Receptor Expression and Function Define a New
Population of Murine Dendritic Cells’

Emma J. McKenzie,® Philip R. Taylor, Richard J. Stillion, Andrew D. Lucas,” James Harris,*
Siamon Gordon,” and Luisa Martinez-Pomares®

In vitro the mannose receptor (MR) mediates Ag internalization by dendritic cells (DC) and favers the presentation of manno-
sylated ligands to T cells. However, in vivo MR seems to play a role not in Ag presentation but in the homeostatic clearance of
endogenous ligands, which could have the secondary benefit of reducing the levels of endogenous Ag available for presentation to
the adaptive immune system. We have now observed that while MR ™ cells are consistently absent from T cell areas of spleen and
mesenteric lymph nodes (LN), peripheral LN of untreated adult mice contain a minor population of MR*MHCII" in the para-
cortex. This novel MR™ cell population can be readily identified by fiow cytometry and express markers characteristic of DC.
Furthermore, these MR™* DC-like cells located in T cell areas can be targeted with MR ligands (anti-MR mAb). Numbers of
MR*MHCII* cells 1n the paracortex are increased upon shmulation of the innate imunune system and, accordingly, the amount
of anti-MR mAb reaching MR*MHCII™ cells in T cell areas is dramatically enhanced under these conditions. Qur results indicate
that the MR can act as an Ag-acquisition system in a DC subpopulation restricted to lymphoid organs draining the periphery.
Moreover, the effect of TL.R agonists on the numbers of these MR ™™ DC suggests that the immunagenicity of MR ligands could be
under the control of innate stimulation. In accordance with these observations, ligands highly specific for the MR elicit enhanced
humoral responses in vivo only when administered in combination with endotoxin. The Journal of Immunology, 2007, 178:

4975—-4983.

endntic cells (DCs)® are professional APCs with crucial
roles 1n the induction and control of tolerance to self-
Ags and immumty to pathogen-derived Ags These
umigue cells sample Ag consututively and mugrate from the pe-
nphery to secondary lymphoid organs (1, 2) where they present
processed Ags to T cefls In the absence of infection Ag presen-
tation will result in tolerance, whereas in the presence of microbial
signals DC maturauon will occur, faciliating the induction of ef-
fector responses The induction of tolerance to self and innocuous
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foreign Ags may also be influenced by the efficient clearance of
self-Ags by macrophages (Mds), restncting exposure of DCs
10 Ags

In vivo DCs are a rare but heterogeneous collection of cells
expressing a wide range of germline-encoded pattern recognition
receptors These receptors encompass several families of mole-
cules including TLRs, C-type lecuns, and C-type lecun-hke recep-
tors expressed both a1 the cell surface and intraceflularly DCs are
able to sense the presence of foreign microbes via these receptors
Muluple signals provided by a pathogen are transduced upon hi-
gand recogmtion and ulomately govern the course of the effector
response toward the invader

The mannose receptor (MR) 1s a C-type lectin that provides an
efficient cellular imtemalization system for both endogenous and
microbe-derived molecules and has a well-established role in the
maintenance of ussue homeostasis as exemphfied in studies of
MR-defictent mice generated by Lee et al (3) These muice exhib-
ited defective clearance of neoglycoconjugates and elevated serum
levels of multiple lysosomal hydrolases. indicating impaired clear-
ance (3) The MR recogmazes sulfated carbohydrates through s
cysteine-nch (CR) domain (4, 5), natve and denatured coliagens
through 1ts fibronectin type I domarn (6}, and chgosacchandes
terrmnating 1n mannose, fucose, or N-acetyl glucosamine through
its C-type lectin-like carbohydrate recogmition domains (recently
reviewed 1n Ref 7)

No expression of the MR has been documented on munne DC
populations 1n vivo, in agreement with 1ts major role in clearance,
the MR 15 present 1n most tissue Mds and 1n hepatic and lymphatic
endothelia (8) In humans, the MR has been detected in cells lo-
cated within the derryus, lamina propria, and T cell areas of the
tonst] (9), 1n inflammatory epidermal DCs from panbents with
atopic dermauts (10), and in cells ining venous sinuses in the
spleen (11) Ewvidence for the involvement of the MR in Ag pre-
sentation to the acquired immune system 18 hmited and 1n some
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cases contradictory The MR s expressed by human and munne
DC« gencrated i vitro human monacy te-denved DCs imoDCy)
and mouse bone marrow-denved DCs Lptake of mannosylated
ligands by moDCs leads to the dehivery of Ag to MHCH ™ 112) and
CDLlb 13 compariments and enhanced presentation 10 T cells
(14-16! Dehnvery of the melanoma Ag pmell7 through the MR 1n
human meDCy using an anu-MrmAb-pmeil7 fusion protein led o
Ag presentation via both HLA [ and HLA II molecules (17) in-
dicating that n human DCs the MR could provide an efficient
mechanism for Ag acquisition and delivery into Ag processing
pathways Ia mice. bonc marrow-derived DCs were shown tw in-
wrnalbize Ag through the MR for presentaton o T eells although
MR hgands were not presented as efficiently as higands for DEC-
205 another member of the MR famuly of proteins (18} and MR
expression s required for cross-presentaton of the soluble mode!
Ag OVA (19) In contrast Napper and Tavlor recently repored
that fibroblasts cotransfected with the MR and MHCII were not
able to enhance the presentation of glycosylated Agto T cells (20}
and Ags engineered in fung to enhance mannosylation ehicnt T cell
responses independently of the MR 21}

Several of the endogenous molecules recognized by the MR are
targeted by the immune system n autoimmune diseases such as
thyroidius tthyroglobuliny (22 23y anuneutrophil cyvtoplasm Ab-
associated vasculius (myeloperoxidase) (Ret 24 and our own un-
published data), theumarond arthritts (Lollagen 11 a major vompo-
nent of cartilage) (25) and Goodpasture « disease (collagen V)
(26) This correlauon led us wo consider that 1f the MR contributed
10 Ag presentation 1n vivo it could mediate the mappropriate pre-
sentation of its endogenous Ligands w the acquired immune sys-
tem The aim of this work was to mvesugate whether the MR could
mediate Ag acquisiton for presentation o the adaptive immune
system under any crcumstance mm vive For this purpose we have
analyzed MR expression in DC determined the fate of MR Ligands
upon in vivo admunistration and quanufied the humoral responses
against MR ligands m naive and sumulated ammadls

Qur resuits demonstrdte that siumulation of the wmnate immune
response has a profound effect on the 1nvolvement of MR 1n the
induction of adaptive immune responses We have 1dentified a
novel DC population expressing a funcuonal MR These MR
DCs are restricted to penipheral (py lymph nodes (ENs) and their
numbers are controlled by the presence of selected TLR agonisis
In agreement with these data the mducnon of humoral responses
against MR ligands 1in vivo tahes place only in the presence of
endotoxin The relevance of these results n regard 1o DC hetero-
geneuy and autormmunity will be discussed

Materials and Methods

Amimals

Mice used in this study (BALB/A C37BL/6 and MR which were on
the C57BL/6 genetie background) were bred within our own instiutional
unlonies sex malthed and herweon the ages of 7 and 16 wh 41 the iime of
sty Amimals were hept and handied i accordance with insututional
guwdehines MR mice were provided by Prot M Sussensweig (Rock-
etebler Limverany New York)

Reagenns

The TLR agoaists used 1n these studies are LPS punhed frem he FHuae-
mophidus mfluenzae tvpe b strain Bagen 7 gitt trom 8§ Zumse HEdward
Jenner Institute tor Vacuine Research Compton LK) fAagelhn purihed
trom  Swlmonella nphongraim GmovoGeny polyinovimic-polyeyvudy hic
acid (poly([ Cy Amersham Bioscieneest and %91-12 3-bistpalmiieyloxy -
12-RS3-propy | |- A-palmitoy - R3-Cy ot 51-Ser-( S -Lys?-OH "HE (Pam Crey
Calbiocherm
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Tissue digesnon

Porpheral feeracal brachial asiilury nguinal and pophiteal) and mesen-
eric LNy were digesied with o S mg/ml collagenase D (Roche; and |
mg/m! DNase | (Rocher in RPMI 1640 tor 25 mun at 27°C with gende
shaking Tissues were further broken down with gentle pipetting Cell sus-
pensions were washed mwiwce v PBS containing 0 53% BSA and 5 m™M
EDTA In some expenimenis cell suspensions were ennched i CD) i

cells uamg anti-CRI 10 MACS beads (Midieny: Buotees rollowing the man
utacwdrer ~ imstructions and o ather expenments cells were wuwed directhy
tor FACS ~taining

Flow (viometry

Single ol suspensions were blocked tor 45 mun at 3 € 3% (A heat
inachiy ated rabbit serum 0 5% BSAY S mM EDTA 2 mM NuN, and 4
ug/mi FoyRIVIT biocking mAb (Jlone 24525 o reduce nenspeaific Fo
receplor binding Blodked cells were incubated with pnimany mAbs diluted
in the above-described blocking solution tor 60 min aa he dark at 4°C
washed three mes wath washing butter contaming 03% BSA 3 mM
EDTA and 2 mM NaN . and hved with 1% formaldehyde §f Dotiny lated
mAbs were used celis were incubated tor o further 30 min in the dark at
4 C with strepravidin-aflophycocyanin (BD Pharmingen) washed three
tumes in washing bufter and hxed a~ above  \g-speaific staming obtamed
wilh mAbs was compared with that oblained with isotype-marched controt
Aby The pnmary mAbs used 1 this study were MRSD3?- and MR6C3-
Alexa Fluor 488/Aoun (MR rat 1gG2a produced in housey HIL3-PF
(CD11e hamsiar igG BD Pharmmgent M5 11 4-biotn tMHCH rat 1gG2b
produced n house) 3C6&-boun «CDiih 1t [gG2h produced in houset
KT15-PE (CD8er 1atlgG2a Serotewy PO -hionn (CD86 rat [gG2b BD
Pharmingen) and NLDC-145-biotn (DEC-205 rat 1gG2a Cedarlane Lab-
oratones)  Analysis was conducted uving g FACSCalibur tlow cytometer
and CellQuest 3 1 software (both BD Bionaiences)

Immunohistochenisn

Shde~ were hacd tor 10 rmn on ice with 2% paratormaldehyde  perme-
abilized with 0 1% Totop %-1000:n PBS aad then blocked with 5% (v
normal godt serum (Invitragen Lite Technologies) in PBS tor 30 min to
block irelevant binding sites Further blocking ot endogenous biotim was
achicsed yaing an avidin/broun blocking kit oVector Laboratoresy as per
the manutacturer ~ recommendanions Staining Abs were prepared to ap-
proprigte concentranons in 3% (v normal goat serum in PBS and incu-
bated with ~hide~ tor 80 min Goat anti-rat 1gG-Aleva Fluor 488 secondany
Ab Moleuler Probess diluted in PBS was appled for a turther 30 min In
the vase of double Tabeling with another Ab also rarsed 10 rat an additional
M- blocking step was conducted with 100 ug/ml rat [gG (Sigma-
Aldnich) hetore incubation with the second binniny lated primary reagens tor
6 min This was tollowed by 30 mun ot incubation with o streptavidin
Cy3/-CyS (Juckvon ImmunoResearch) or Alexa Fluor 488 (Mojecular
Probes) secondary reagent Shdes were counterstained with 400 ng/ml
4 6" -duumidino-2-phensbindele tSigma Aldnichy before mounting Shides
were washed berween cech step with PRS

Ear sk explunt

Ears from BALB/A mice were removed at the base and sphit imto dorsal and
svinral wides Bach half was placed dermal wde down e a well of o
24-well tinsue culture plate comtwmng 2 mi o1 medium and incubated for
24 han o 5% CO- 93% humudity incubator at 37°C Mugrated cells were
then collected and washed i medium and cvtospine were prepared

Invno wngeting of MR heands

Ani-MR mAbs ar isorype controls were injected s ¢ nto the torelimb just
above the wrist o1 in some expenments i the feg just above the anhle
under anesthesia with 3% wofturane m air At vanous tmes after imjection
the ~pleen and the penpheral and mesentene L were collected and tresh
trozen tor immunohistochemical analysiv Injected mAb could be detected
0 tiseue secuons by fluorescently labeled goat anu-rat 1gG reagents 1Mo-
lewular Probos/Imatrogen Lite Technologies)

Serrtton T

Antmaly were anesthetized as previousdy indicated betore the ~ ¢ injection
of Ag imo tarchimbe just above the wrnst MR6CI MRSD3 and control
[2G2a relone GLINIO provided by Dr R Hodes National insututes of
Health Bethesda MD) were used in these studies i the presence or ab-
senee of LPS Atter 7 14 duvs amimals were sanficed and bled and seras
were prepared and stored at =20°C The mAbs were punhed from hybnd-
oma superndtants prepared 1 bwove s medum contating low ondotoxan
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and [gG-depleted FCS tInvitrogen Lite 7 echnologies s usng 4 GammaBind
Plus Sepharine column (Invitrogen Lite Technologies) Al arcparations
were quantihed uwng o BCA svsay 1Pertuen andly sed tor puriy by Coo-
maste staing und lested for endetonin contamination using the Limdus
amebocyte Lysate assay (Cambrex/BioWhattahery Al PO, were ah
quoted and <lored a1 ~20°C unil requrred

LLISA

latal mouse ante-rat 123G produced by cach animal was determimed by
ELISA Flat-bottom  96-weil high-binding ensyme immunoassayradio-
mmuncdassay (EIARIA) plates rCormng were coated with 0 pedmlora
t2G 1Sigma Aldnchy at SO pliwell in PBS overnight at 3°C Plates were
blocked with 3% BSA (w/v)in PBS tor 60 min at 37 € betore the addinon
ot appropriate ditutioas of serum n duphicate for 1 h ar roem wmperatuie
Wells were then mcubated tor | howith 50 wiwell ant-mouse [gG-alkaline
phosphatase (AP} (Sigma-Aldrch) 1o deteu: mouse 126 bound 10 anti-r.a
Abs or wath antu-mouse [gGI-AP or anti-mouse [pG2a-AP (both BD
Pharmungen s 1o deiet! speaific ubtlasses All AP conugates were used ai
4 1L00C dilution 1p PBS Ab luvels wert visoalized uang pemitraphensl
phosphate (Sigma-aldnich;  Absorbance was measured af o wavelength of
405 nm using o microplate reader Plates were washed thiee imes between
tncubations w PBS supplemented with G 1'% Tween 30 1Sigmu-Aldrich)
12G titers were ascertuned by calculating the diletion of serum reguired 1o
achuieve un ubsorbance vatue of G2 Ammals that did not make a detewtable
anti-rat {2G respense were assigred en arbitrary vaiue the mimmum di-
lution leve! of serum used and thus the level of detecnon

Stativticaf wnedyvaes

Statntical analy sis was performed sy ANOVA and the Bomorrom res
with GraphPad Prism ~ottware version 302 Where approprate o v alues
are indicated within the hyures

Results
MR™ cells are found in the niter paracorncal weas of sele ted
vecondurs lymphotd e

The expression of the MR in secondary lymphotd tissues was -
vesugated by immunofiuorescent staming In line with our presi-
ous studies. MR 1w abundanily cxpressed in the medullary regions
of L™ and the red pulp of the spleen and small nurabers of MR *
cells were obsersed 1 the outer paraconex of LNy close 10 B cell
areas (8} When different LN« were compared we found that the
paracoruical MR cells were restneted w0 pLNs (Fig 14, lefr
panely which drain the skin and absent from mesentenc (miL s
tFig VA rmght punel) which drain the gut As reported MR 1
absent from the white pulp of the spleen (data not shown and Fig

A pLN mLN
B

FIGURE 1  The presence of MR 7 cells 10 paracortical areas 1s restoicied
w selected secondary ymphoid tssues 3 Paracormical MR ™ wells are anly
present in pLw Tisste sections trom LNs druning eiiher Latangous sires
(pLN or gut (mbNy were stamed tor MR rareeny and CDR tred: as de
sortbed in Mareral and Methody B MR (ells n paracortical areas
tgreen cocxpress MHCH tred) T T cell urea B B well tollicke Original
magmhcanon was <20 L und <630 B
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HGEURE 2 The restneed presence of MR~ DC 10 pLN v confirmed by
ow cytomeay A Analyas of MR CD1ICT Lells wntotal cell suspensions
from pL N und mLNy Total cell suspensions trom pL™N~ centain a pop-
ulation ot MR TCD U™ cells that 1s absent 1in mLNs & Anafysis of MR
and MHCH «xpression o gated CD 1 (o
pLNw and mENS ennched tor CDL LG cells Single cetl suspensions trom
pLN and mLN were enniched tor CDVie cells and the analvers of MR und
MHCI} expression pertormed on gated CD1 e cells

cells trom cell suspensions from

+1) Further analysis contirmed that paracortical MR ™ cells alvo
express MHCI! (Fig 18y indicating that the MR could be ea-
pressed by 4 subsat of DCs

Churacterizanon of MR cefly hmph nodes by flow Cvometr

To characterize the MR " MHCI™ cells detected 10 PLNS we per-
formed flow cytometrie analysis of single cell suspensions pre-
pared trom pLNs and mLNs using collagenase digestion as de-
sernbed o Mareriads and Methody Celis with tugh forward and
side scauer were gdated fthese parameters encompass CDHie”
vells) and subseguent analysis was performed A population of
CDlic MR ceils was idenufied in pLN that was absent 1 mLN
(Fig 243 To gain a clearer picture of the phenotype of this pop-
ulauon  cells were enriched for CDilc and then labeled for
CDIlle MR and MECT as described 1n Mazerials and Method,
An analysts of MR dand MHCTI expression was performed on the

gated CDUic celi population Al MR CDIle  celis expressed

.

MR
w2 10! 10 19710

»
4 |
]
B
" [ I T S e
_
DEC.205 Ch1b
FIGLRE 3 Comparison of surtace markers expressed by MR CD1 i

ad MR CDiie cells CIYI¢ ennched cells trom pL™ were gated and
analvzed tor eapression of MR und DEC205 CDIlE or CD&a
MRTEDIICT cells wire tound o be DEC-305™ 001 o DR ko
whereas MR CDIIC el were DEC-20Ve"CD ] |5 'C DG ™et
fwhere e s intermediate. Differem el preparations were used tor
each Dibeling Quadrants were v according 1o ssotype contral labeling
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MHCII, with the majority of the cells expressing high levels of
MHCII (Fig 2B) In accordance wilh  previous  results
CDIlie”MR MHCI" cells were absent in mLNs MR CDI1I”
and MR "CDil¢”™ cells trom pLN were compared lor the expres-
sion of several DC-assoctated Ags (Fig 3) MR CDlic cells
were found to be DEC-208" "™ "CDIib"*"CDRa"™ whereas
MR CDile” cells were DEC-205™"CD1 ™ CDE ™ Mk
twhere ‘inter” 15 ntermediate) Based on their levels of DEC-205
and CDI11b expression MR MHCH CDl1lce™ celis seemed 10
correspond © the mersuual DC population descnibed by Henr et
al {27y Further studies showed that MR TCDL 1" cells expressed
the costumulatory molecules CD340 (data not shown) and CD26
tvee Fig 18)

Numbers aof MR™ DC are under the control of inaute
sHaon

To address the possibility of MR™ DC being influenced by innate
stimulation it a simildr way to that descnbed tor cells expressing
hgands for the CR domain of the MR (28-30) we analyvsed the
effect of systemic and local sumulatnon with microbal products

FIGLRE 4 Eftect of stimulabon with macrobiad
mimics on the numbers of paracorical MR cells in
secondany Iymphoid organs 4 Analysis of the etfect ol
LPS and flagellin in the numbers ot paracortival MR ™
vells by immunofiuorescence BALB/C muwe were stum-
ulated 1v with PBS 5 up of LPS ot 10 wg of Hagellin
Fissues were collected 24 h later processed tor immu-
nofluorescenee  and stamed for MR (greemy and CD3
ired) as described 10 Mareriads and Ve thads “Sumbers
ot MR paracorncal DO mereased atter sumulanon
with microbial mimies in the pl ™ but not in the mL»

w1 {CD3I/OAPI

or the spleen Control staiming m shown n the Aeront
panefy T Teellares B B wil tolhicle wp white puip
p red pulp B Analysis of the etfect ot LPS on the
numbers of parscortinal MR cedls by flow cytomerny
BALB/c mie were simulated 1+ with PBS o1 5 g ol
LPS pLNs were collected 24 bluter processed tor flow
wytomeiry  and ~taned for CDIEC «FL 2 usimg ann
CDT-PRy VIR (FL-1 uaing MRSDY direatly congu
gated 10 Mexa Fluor 488 (MR3D3 188 and MHCH
{F1-4  usng  anu-MHCTEbotn and streptavadin:
allophycowvanm ¢ MHC APC)) or CDIC (FL-2 using
an-CD11c PE} MR (FL 1 u~ing MRED3 ducctly i
conjugated 1o Alexy Fluor 4881 und CD86 (FLS usng
anti-CD86G-biotn and  streptavidin-aflophycocyamn

(CDRA APCH  av desinbed in Maerraly and

such oy LPS and Aageltin on MR DC numbers by tluorescence
micros opy A prominent increase 1n MR cells in the T cell areas
ol pLNs was observed atter systenue stumulauon with LPS and
Hagelha (Fig 443 Under these conditons MR cells in T cell
arcas were alvo MHCIT  (data not shown) Interesungly  these
strong wnndte sumul administered through the v route did not
alter the absence of MR™ DCs in the T cell areas of mLNs or the
spleen further highhghting the restncied anatomical location of
MR ™ DCs We alse obsersed docreased MR cxpression in splenic
red pulp Me after LPS or flagelhn treatment This has previously
heen shown 1o oceur 1 response o LPS i vitre ¢31) Lokal s
admunistration of LPS (1 pe/sie) abso induced an icrease in para-
cortical MR cell numbers in draining LNy (data not shownj The
effect of the systemic adminisuauon of two other TLR agonists
Pam.CSK,; and poly(1 C) on MR ™ DC numbers was alvo assessed
dunng this study A vanable inerease it MR™ DC numbers was
observed 1nopl N 23 hoafter the 1 v admunistraiion of Pam CSK,
15-20 pgy Tnteresungly, the v v adminisiration of poly(l Cy(5-10
pg) did not nduce any increase it MR™ DC numbers (data not
shown) These data mdicate that the number of MR DCw

LN pleen

MR Sy o

r a a »
Methedy Rat 1gG2a directly conjugited to Alexa B Ges sl __, VRS0 488 MR5D3 EEB‘_S MRS5D3 458 _
Fluor 488 1gGla 488 and rat [gG2b bioun and 'QGZ:’APE‘ZS QG?bAzcg MHCT APC £086 Abg
L ! 3204

sureptavidin-ailophycocyamin 1igG2b APC)  were
used as controls [0 both Cases CDa e wells were
pated and analyzed tor the presence ol addivional
marhers Numbers indicate cell pereentages in corre-

spanding yuadrant

357

LLPS

1 2 89
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MR celis coespressed CD6B (Fig 5B) Topether thewe data -
dicate that the MR s expressed by Mdd-hke cells n the dermis of
mouse shin Explant studies were performed to determine whether

1
dermal MR Mdn were capable of migrauon out of shin, 4n -
herent property of DC+ Ears were mechanically splut into dorsal
and sentral sides transterred o wells contaimmg medium and
meubated at 37°C with 5% CO, lor 24 h Migrated cells were
collected and Cylospins were prepared and labeled tor MR and

The Journal of Immunelogy
regulated by selective TLR agonmis These results wers supported
by the Aow cytometne analysas of cells suspensions from the pLNs
of LPS-treated or untreated animals which demonstrated that LPS
treatment led o the presence of an ncreased percentage of
MHCIL We observed a notable heterogeneity in the expression of
these two markers and found cells with high lesels of MHCI uand
comparainely lower levels of MR (Fig 6 rop panels) as well as
the opposiie scenano {mmddle panciy) and cells with intermediate
levels of both markers (heriom panels) These diffenng phenoty pes
may represent cells at different stages of mawrauon In some in-
sdnces MR cells displayed a dendntic morphology  These re-

weflvn
sults ndicate that MR Mdab-lihe celis van mobhilize and acqunre

DC-hhke charactenstics
Targerng MR DCs in o

cessibihity of these cells 1o Ag delivered in the penphery we used
punfied rat anti-mouse MR mAbs a5 surrogate MR ligands to tar-
get MR cells in vivo 39y Preliminary targeting ~tudies were

CDile cellon pLNs (trom 2 1510 3 3% and trom 2 690 3 55%
in two separate expenments), « igher proportion of IR MHCI!
conducted n nasve BALB/c rmice where 15 pg of mAb iMROFY

and MR CD8&6" cells were detected wihin the CDIlc’ cell
To wmvestgate the funcoon of the MR o MR™ DCs and the ac-

population trom treated ammais (Fig 48y
MR™ celly tn the \han as porenngl precursors of MR™ DC i LNy
cells

As shown i Fig 3 MR DCws display the characiensucs of 1n-
ersiitial tissue DCs with respect to the expression of DC-assoct-
rat 1gG2b anu-mouse MR were injected s ¢ in the upper forehimb
close 1o the wnsi area The cervieal, brachial aaillary, ingunal

ated molecules The restricted presence of MR™AMHCH
pophieal and mesenteric L™« and the spleen were collected and

pLNy 18 suggestive of a peripheral tissue ongin tor the MR ™ DCx
and because the wrafiic of DC into lymphoid tssues s known 1o
merease atter sumulanion with wocrobes or therr products (32-38)

we considered the possibibity that MR™ DCs are denved trom
processed for immunohistochemistry 4t vanous tme poants there-

MR ™ cells present in the penphery e shin) To assess this pos-
sibility we insestigated the phenotype and behavior of MR

cells were observed throughout the dermis
atter trom 30 mun 10 24 h posunjection Injected mAbs were de-
ecied by incubdating tissue seenions with Alexa Fluor 488-labeled

goat ant-rat TgG These expenrments indicated that the meduilan
cellsin brachial axitiary and cervical LN were eftecuvely targeted

i skin Abundant MR
of mouse ear shin white cells expressing MHCIT were restricied to
the outer demus and epidermis (Fig 5A) Double immunofluores-
vence conhrmed that dermal MR cells lack MHCII expression in
st as o colocalization of MHECID and MR was observed (Fig
5B) These results suggest that dermal MR celts are not pheno-
typeally DCyoin sty Accordingly  when sectniens were double
labeled tor MR and CD68 a classical Mdh marker the majority of
A
within 30 mun posunzecnion Ceoversely  targeting to paracortical
MR ™ DCs was poor and was only observed 10 the brachial ENe
{the main draiming LN~ of this injection site) with oniy a few
targeted cells beng clearly vistble at 24 b posuniection
Additonal expenmeris using anu-MR mAb  clone 6C3
(MRECT rat 1gGa anu-mouse MR} or 1gG2a control 12G tclone
GLIN/ 100 demonstrated that targeting W the paracorucyd regon
was duse dependent because no MR cells in T cell areas were
argeted in any LN when 5 pg of mAb were used even though
targeting w0 medullary cells sull occurred (data not shown)
In view of the major effect that LPS had on the numbers of MR
cells present in T cell areas we injected BALB/C muce s ¢ with |5
g of purified anti-MR mAb Jone 6C3 (MRAC3 ral anu-mouse

celis are Lapable of mobiiizanon trom skin and i

MR

FIGURE 6
pressed MHCID heteragencously compar fop muddie ang borom panels
oty po vanttels for MR are depicted in the sveds withun the top pane’s and

thase tor MHCTT are shown i he ety wathun the maddle panehs

quite MHCI expression Culls th i had mugrated out of skin esplants were
stained for MR ygreem and MHCT (red) Shin-denved MR cells ex

MR cells i the dermis display g M-like phenotype un-

der sieady -~tate Londitions 4 Singie febehng andlywis of MR and MHCH
cells fareen reside throughout the dermis
cells occupy the epidermis (white arow

cells m mouse skin U pper paneis

expression 1n mouse shin MR

tycllow arrow winle MHECH
and the vuter dermul layers (yeltow arrow g frsens deprt sotype contiols
show double lubehng for MR (green) and MHCIL (redt and demanstiate

FIGLRE 3
B Duouble labelmg analywis of VIR
that both markers are not expressed by the same cells Burrem panels show
dogble labehing fut MR (ied) and CDAR (green) demonsieating thde dermal
cells are CDOE T Sguares in the foff puneds indic e the areas showa

VIR
al higher magnihoatton n the nghr paneis
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[gG2ay, or IgG2a control [gG (clone GLIH/10) m the upper and
lower torelimbs of mice treated 1 v with of 3 g of LPS or PBS 10
min earlier We detected MROC3 m the medullary regions of the
cervical brachial axillary and inguimal LN~ of LPS- and PBS-
rreated mue I[n PBS-treated ammals tew targeted cells were de-
weted in the T cell areas of brachial or inguinal LN~ iFig 7 A and
8 ~how representative inguinal LN) In the presence of LPS, the
anu-MR mADbD targeted numerous oetls within the pdracortical ar-
cas of brachal, axaliary and ingunal LN (Fig 7 Cand D a rep-
resentative inguinal LN s shown} In all cases targeted paracor-
nicdl cells were MR ™ and MHCIH™ indicating specific delivery to
MR™ DCs (Fig 7, £- G) Delvery of anu-MR mAb was exquis-
wely restricted to local draming LN because no Ag could be de-
rected in other nondraining [ymphotd tssues such as, for example
the spleen (Fig 7 A and 1 Mo targeting of the rat 1gG2a control
Abto LN« tshownin Fig 7 A and O imsens) ar spleen (big 7 H
and { rmsersy was observed, indicatung that no targetng syvsiem
selective tor rat 1gG2a s present in secondary Iy mphoid organs
Suntlar results were obtamned when the anu-VIR mAb was injected
s¢ in combination with LPS (1 pgfate) data net ~hown Thus
MR DCs can acguire MR ligands delivered in the penpheny with
numbers of MR ™ DCaan T cell areas containing MR hgands being
increased mn the presence of LPS

Generution of ar anti-rat 18G b response after inmumzanon
wirh ant-MR niAby

Because we were able 1o target MR DCw speciheally 1 vivo
using rat ante-mouse MR mAbs we soughi to determine whether
the delivery ot Ag via the MR results i presentanon w the adap-
tive Immune system in an immunogenic fashion by assessing the

JCOWDAP

FIGURE 7. Paracortical MR cells can be efliviently tageid mvno
using spectfie MR reagunts in the presence of LFS BALB/C animals were
njected s o in the torelimb wath tw anti-mouse MREC 3 or otvpe control
mAbs 1 the presence (C-G and £ or absence of LPS 14 8 and H)
Secondary lymphotd tssoes were coliected 24 b later and processed tor
immunofleorescence Injecied mADs were detected 10 Tissid seclions using,
a goal anti-rat [gG reagent (greent Frssae sections were also labeled tor
CD3red AL A and 1 MR irdd 17y o MHCIE Gred G to analy 2e the
phenotype of targeted cells T T el wrea B B cell follide p red pulp
wp red pulp PAPT 3 6 diamidine 2 pheny hndold
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generation ot anti-rat 1gG Ab< in wera from < ¢ immunized ani-
mals Preliminary studies using 15 pg of MR6C3 MR5D3 and
1gG2a indicated that no detectable response could be oblamed i
the absence of LPS and that | g was better than 01 pg of LPS
m promoung & humoral response (data not shown) These exper-
iments also mdicated that the mAb clone MR3D3 could ehent a
maore rabust response than MROC3

To deternune the optimal dose of mAb for the immunmzation
studies, we immumised BALB/c muwce < ¢ in bath torelimbs with
vanying doses of MRSD3 or control 1gG2a 10 the presence of 1 ug
of LPS Atter 7 days the animials were sacnficed and serum was
analysed tor the presence of anti-rat [gG by using ELISA Ammals
immunized with MR3D3 consistently generated higher uters of
diti-rat 1gG than those immunized wath the control protein Sig-
nificant differences in the anu-rat response were found between
ammals immunized with MRSD32 and control 1gGla at doses of
375w (p<<00001and 15 pe (p < 005) Based on these results,
a dose of 3735 pg of immunogen was chosen for use i buture
expenments (data not shown)

To contirm that the Jlone used tor the immunization had an
etlect op the level of response obtained animals were injected in
both forehmbs with 3 75 pg of MRSD3 MR6C3 ar ivotype con-
trobin the presence ol 1 pg of LPS o and the presence of anu-rat
TG in the serum on day 7 was measured by ELISA (Fig 84)

A <0 001
Lid
10000 1 i Pt 607
" ¥
g% .
=T ing
R —
¢w 1000 4 L] N
=@ b 1] . v
'_3'3 .:. yi
‘;iE 109 4 v"_:
iz 5
[ L <32 iavel of
detecthon
10
MRSD3 MR6C3 1gG2a
Immunisation In presence of g LPS s ¢
B level of
detection
100000~ :
f 7 " MRSD3
i // + MREC3I
1 - v IgG2a
G ™ /’/ "
= .
at a ~ -
. s
10004, * v "
1
F o £
e
e
<128 v * Jeval of
k] —- - — detection
50 1000 10000 100000
<128
19G2a
FIGLRE 8 Delineny of rat 1gG o the MR using MRID? induces o

more rebust humoral tesponse 4 Ammals wore smmunized with either
MRSD? (Y VMIRO6CY (4 or control 1pG24 (771 m AR an the preseace of |
ug of TPS Atter 7 days the ~erum was coflected and the presence ol an
anti-tat gl response was deternuined by ELISA Immunizetion with
MRSD3 generated sigmibicanily higher nters of anb-rar 1gG compared with
mice immunized with MRAC2 or 1eG2a Each symbol represents an indi-
vidual apimal 8 The anti-tat response was predominanily composed o*
12G2a and Gl osubclasses and immunization with MRSD? induced o
mised ThI/Th2 response Bach ssmbol the same s thal used m 4 1ep
resents an ndividual animal An asterish Ex0 ndicates sigmihcant
Jitterenes
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Differences between the responses induced by MR3D2 and leG2a
and by MRSD2 and MR&CH were found o be highly sigmificant
{p <0001 These data indicare that Ag deliven through the MR
dchieved by immunizanon with MRAD3 10 the presence of LPS
induced mmproved Ab produciion compared with the control In-
wrestngly the efficiency of anirrar Iesponses alvo appedts 1o he
dependent on the clone of mAb used

Analysis of the presence of the 1oG1 and 1pG2a subelasses gen-
erated 1o immumzed mice iFig 88) showed that the amimals im-
nunized with MIRSDY generated stronger 1eG24 and 1gG) re-
*PORSES compared with amimals smmun; zed with MRECS or the
[2G2a control The production of botk 18G2a and 1gG 1 indicared
that u mixed Thi/Th2 Tesponse was generdted

Humaral responses 1o anll-MR mAbs qre abrogated in IR ¢
animely

The speahaity of B cell TEApONNes way confirmed by using VIR 7
muce and wild-type (WT) CS7BL/G conrol animals. Animals were
mjected with 335 pg of enher MRSD3 or conurol 1gG2a m the
presence (or absence i the cuse of WT ammals) of | ue of LPS
in both toreiimbs, and serq were andlysed tor total anti-pat e
content by ELISA after 7 days (Fig 9 In ugreement with previous
data the induction of anti-ray [gG responses was dependent upon
the presence of o microbral mimic. The results alvo show that the
enbanced anti-ral TgG Ab producuon obuained i response 1o anty-
MR mAb in WT arumals (both BALB/ (Fig 8 and Cs7BL/A
tFig 9 was completely abrogated 1 MR ammdls imdicating
that these responses were MIR-mediated and speaitic

Discussion

In this swdy we demonsirate that the delivery of <oluble Ag
vivo through the MR {eads 10 enhanced immunogenicity 11 the
presence of innate stumulation The mechamsm behind thiy effeq
appedrs w invoive the efficient uptakhe of VIR Ligands by a novel
population of MR™ DO\ rewncred to pE™s whowe frequency s
mcreased tolfowing treatment wih TLR dgonists These cells are
located in the paracortical areas of pLN and based on phenotypical

10000 - = Ll % P<Q 061
a

%5 e » MR503
_Eg.,m v oIgG2a
£t T
3t = . ..
3w -
&

< . N loval of
32 detection
5 L\\

Stram wWT wT WT WT MR MR~
s - * * -
Enmunisation

FIGLRE 9. Enhanced ant-rur 148G eesponses obtaned ZaINsT anl- VIR
MAb drc abmogated in MR anrmale MR deficient mice or CS7BL /6 WT
controf mice were immunized with MRSD3 (M) or control [pGlaiTrmAb
I the prosence of LPS Groups of C57BL/%& were alwe Immunised with
MRID3 or conurnl 120G e wlone Saium w w eoflected Ater T days and the
presence of the anti-tat 1gG wae deterimned by ELISA N\ AnLi-ran re-
SPONMe wan detected 1 mice TELenng mAD aione wheregs sighrheant
FESPOnses were found 0 those amimais tha reezived MR3D3I aad LPS
compared with control protein The eatunced anu-re 19G response abe
taned m response ©o MRS woan abrogated v MR Mice s MRSDA
and contral 15G24 Liaited syl responses i these ammals Buch svinbol
represents anindivdual animal An avtensk (2 indicates gni i
difterences
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anafysis by flow ¢y fometny correspond to 4 kpown DC subset that
was thought 1o constute dermual tifenstinal DO (27) W Propose
that MR™ DCy 11 PLNS are detived from MR- cells i the pe-
nphery Resuits from the shin explant studies are CONNISTENT with
this hypothesis becanse o migratory population of MR MHC|[
vells wath dendiite WOrphology 18 oblained ey en though the VIR
el located n the dermus have 4 Ma-hhe phenoty pe
'MHCII CD68" 5 No furher sumulus apant from the physical dis-
soctauon of the dorsal and venrra) sides of the ear was required to
induce this nugration Precumably incregved migrahon would ope-
cur if an addinonal danger signal such as the presence of LPS or
CYWRINES was alvo provided Interesungly  tssues drained by
mLN alse contain 4 large population of MR~ M MR™ DCwin
PLN appear 1o be CD68 {data not shown) indicating thar CD6E]
CAprassion might be lost upon migration The lack of MR -express.-
g cells i the parscormica! region of mLN indicates thag lanna
propra Mds do nm mgrate o draiming mLN or lose MR expres-
SOn upon migrauon under the vondiions 1ested

Ral anti-mouse MR mAbs WETe used as speuifie surrogate -
gands 1o probe the funcuon of (he MRvon DC in vivo This ap-
proach has been previously used to deliver Ag v CD e 40y,
MHCIT (41 423 33p) (4 DEC-205 143, 41, DC-SIGN 143,
«nd FIRE and CIRE (16) Within 30 mun postinjecton anti- MR
mAbsy Lould be detected 1 the meduila of L\« draiming the sie of
mjecnon and by 24 h posunjecuon MR MHCI cells contamn-
ing ant-MR Abs wer detected within the paracories

The ume lag that accurred belore the targeied MR- DCy were
detecied in dratming L\ SUggests that these cells mdy have en-
couniered an-MR mAbs 1 the periphery before armval inwo the
LNy Others have shown that the hme taken for s o adminstered
Ag 0 armve nthe LN\ 1 - g hoa simular tme frame 1o that
vbserved in our study 147) Moreover unbike small molecules the
sige of mAbs presents therr diffusion through the condu syslem
810 the paracortical areg (483 excluding the possiblity of free
mAbs dratming directly 1m0 the paracoriey and binding MR~ DO
there The targeting of VMR higands within the paracortex was dra-
matically mmproved 1f LPS was coadministered s ¢ or g mice re-
weived LPS 1y before the s ¢ Injectton of mAb These results are
consistent with the incregeed cgress of MR™ cells from the dermgs
upon stimulation, these cells would Mteinalize anti-VIR mAbs jn
the penphery and transport them to the draming LNG In contray
MR™ medullary cells were targeied in the presence or absence of
LPS Tt Iikely that free 4nt-MR mAb« drained from the site of
Injection via the lymph into the subcapsular sinus of the iocal L~
before entering the condun “lem w the medulla The targeung
Properies of the anti-MR mAb 1 vive differ from those of any-
PEC-205 Ah, which d)ffuess throughow the secondary lymphod
lissaes aftes s¢ mjecnon (493 Ag delvery w0 MR DCs, W
exgusugly restricted 1o Lymphod tissge draining the sire of tnjec-
bon and did not extend 1o oither the spleen the mLNw or the pLN
located on the vontralateral side of the animal even in the presence
ol LPS This s fthely to be due 1o Ab clearunge by MR ™ meduflary
cells which would remove the majority of the inyccted mAbs
reaching the LN in tree torm Clearance of anti-MIR mab, by
medullary cells would o only prevent Ag access w other Ivm-
phord t1ssue but maore impartantly 1o ather APCx Iy this way this
removal syseem would hmit the dcquisition and presentation of
MR hgands 1o the adapuve immune System These resulls are cop-
sistent with previous studies deseribing the fack of MR expression
in DC i vivo under Meady -tate conditons (8} and a major defect
i hOMZostate clearance (3 30) bur normal immunity aganst Cun-
dide aibreans or Preumeg o carin both MR ligands 1n MR-
dehcient mice 150 5
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After identitving the condittons under which MR could he ex-
ploited by professional APCs w internalize Ag for presentation to
the adaptive '1mmune system 1in vive anu-MR mAb were used to
determine whether the enhanced targeung of MR ligands 10 DCin
T rell areas correlated with the generation of enhanced humoral
responses  This strategy imvolved the immunization of ammals
with punfed rat 1gG preparauons aind analysts of ant-rat 1gG re-
sponses in the serum {rom injected animals

In the presence ot LPS, a single » o dose of rat anti-mouse MR
mAD induced wignificant ant-rat [gG production compared with
the 1soty pe control mAb The enhanced anti-1at response was com-
pletely abrogated in MR mice tlustraung the capacity of VMR
cells 10 promote B cell responses and the specihicily of the sysiem
These results provide the first conclusive m vive evidence of a role
tor the MR in the induction of adapbise immunc responses Inter-
estngly differential humoral responses were mduced by immuni-
zaton with the MR3D3 and MR6C3 clones Both of these miAbs
recogmse the C-type lectin-ftke carbohydrate recogmition domain
4-7 region of the MR, but 1t 1~ not knewn whether the binding
afiinities of these clenes differ and/or whether their intracellular
kandling s different This requires further investigaton but may
reflect results 1n the human system the where differental engage-
ment of the MR on moDCs by anti-human MR mAbs induces
differenuial programs of actuvatton Thie was also shown o oceur
tor some natural hgands (52,

{t wdl alo be important to determune the exact contnbution of
MR DCsn the generation of humoral responses, given that Mgs
bearing hgands tor the CR domasn have been shown o bind 1n-
Jected CR doman-beanng fusion protems in the subcapsular sinus
potennally mimiching the delivery ol Ags by soluble MR~ (53 In
addition to direct targeung © MR cells in the dramng TN 101y
possible that the mAbs injected in this study also bound 10 free
soluble MR and were delivered w CR domain-higand  cells lo-
cated 1n the subcapsular sinus In the presence ol stimulabion tar-
geted CR domain-hgand  cells would migrate into B cell toliicles
(28, 30) and present nauve Ags in complex with soluble MR 1o
differenuiating B cells in the germunal center However the patiern
of ani-MR mAb targeung in vivo s oL consisient with the de-
hivery of mAbs w CR domain-ligand ™ cells vid soluble MR Fur-
thermore the soluble MR Ag delivery pathway would not be la-
vored under the condinons tested here because CR domam
multimerizauon s required for optimal targeung t¢ CR domain-
ligand ™ cells m vivo (53) and gnven that the ann-MR mAb 15
probably 1n 4 monomenc form 1t would be an unsuwitabie ligand tor
inducing CR domain multimenization

The inducnon of CD4™ or CDR™ T cell respenses via Ag de-
frvery through the MR was not addressed in this study and 18 the
focas of tuture work However mdirect evidence trom the data
presented here suggests that T cells can become dctivated and as-
sistin the process of Ig wotvpe switching tn response to MR -
gands During the course of these studies a role tar MR in the
cross-presentation of soluble OVA in viro and 10 vivo has been
suggested by others (19) Tntnguingly i this work the authors
demonsiraie o defect in the uptabe by CDI1c cells and the cross-
presentation of soluble OV A in the spleen and bone marmow of
MR-deficient amimals These resalts are notin agreement waith our
studies demonsiraung the fack of MR expression i splen DC by
both ymmunofluorescence and flow cytomeatnc analysis of spicnic
CDIle celistdata not shown) Fuwure studies using chimend anti-
MR mAbs bearing CD4 and CDS cpitopes will clanty this ssue
because the contnibution of other putative receptors or 4 detevt 1n
DC funcuon i the absence of MR can he ruled out by using this
AYSICIT
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In this study we demonstrate the presence of a previously un-
known munne MR DC subpopulation whose numbers are con-
rolled by nnate sumuiation These celis are most likely dernved
from myeloid shin leukocytes that can mobilize and acquire o DC
phenotype under appropriate sumulaton Effiaent wargeung of MR
higands 1o MR DC tahes place when LPS 1 present and this
correlates with an enhanced nducuon of humoral responses
dgaimst these hgands These date provide the first in vivo evidence
of arole for MR 1n Ag presentation o the acquired immune system
and reveal polential pathw ays available tor endogenous motecules
recagmred by the MR Lo be presented in an immunogenic form to
the acquired mmmune system Morcover the correlation between
the immunogenicity of MR hgands and the presence of surrogate
signs ebinfection (e g endotoant obsenved tn our studies parallels
the mggenng effect that intecnion wan have v the mduction ol
avtormmune diseaces and thus place the MR m « pryotal position
in the induction of autoimmunity

The benehits obtasned from exploiing o homeostatic receptor as
40 Ag dcquisition system by immunogenic DC would be denved
from ats usetulness inoinercasing the sampling ability of APCs
Because the MR has ¢ well established ability 1o bind pathogen-
derived products and when expressed on DCy, s able 10 target Ag
for presentation (see Retl 54 for review; the exisience of 4 highly
regulated and testricted MR-mediated Ag presentation pathway
the context of infecton would ensure the recognition of microbidl
products thut could otherwise oscape presentatton due to efhicient
clearance In this way the presentanion of endogenous molecules
would be minimized and this ogether with effecuve inducuon of
central and penipheral tolerance will linut the generation of patho-
logiedal iImimune responses
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Brief Definitive Report

Lipopolysaccharide-enhanced, Toll-like Receptor
4—dependent T Helper Cell Type 2 Responses to
Inhaled Antigen

Stephanie C Fisenbarth,' Damam A, Piggott,' James W Huleatt,!
Irene Visintin,' Christina A Herrick,? and Kim Bottomly!

18ection of Iminunobiology and *Department of Dermarology, Yale University Scheol of Mediaine, New Haven,
CT 06520

Abstract

Allergnc asthma 1s an inflammatory lung disease mminated and directed by T helper cells type 2
(Th2) The mechamsm mnvolved 1n generation of Th2 responses to mert inhaled antigens,
however, 15 unknown Epideruological evidence suggests that exposure to lipopolysacchande
(LPS) or other microbial products can influence the development and seventy of asthma

However, the mechamism by which LPS influences asthma pathogenesis remams undefined

Although 1t 1s known that signaling through Toll-like receptors (FLR) 1s requuired for adapuve
T helper cell type 1 (Th1) responses, 1t 1s unclear if TLRs are needed for Th2 prinung. Here,
we report that low level inhaled LPS signaling through TLR4 15 necessary to induce Th2 re-
sponses to mhaled antigens 1n a mouse model of allergic sensitization The mechanusm by
which LPS signaling results in Th2 sensitization mvolves the activaton of antigen-containing
dendntic cells In contrast to low levels, inhalation of ugh levels of LPS with antigen results in
Thl responses These studies suggest that the level of LPS exposure can determine the type of
inflammatory response generated and provide a potential mechanistic explanation of eprdermo-
logical data on endotoxan exposure and asthma prevalence

Key words

Introduction

Asthma 1s a2 pulmonary inflammatory disease belhieved to be
due to aberrant Th2 immune responses to commonly m-
haled antigens (1) Only a subset of people exposed to these
aeroallergens, however, develop pathologcal Th2 re-
sponses, and this process 1s not well understood In particu-
lat, the role of adjuvants and the mnnate immune system n
the induction of Th2 responses 13 unclear

Respiratory infections have been hnked to asthma in
both a preventative and facilitaung role, implicating Toll-
like recepror {TLR) sighaling 1n regulaton of Th2-dnven
airway disease (2) Of particular interest s LPS, a cell wall
component of Gram-negative bactenia that 15 ubiquitous mn
the environment, including household dusts LPS activates
cells through TLR4 with the accessory proteins CID14 and
LPS binding protemn (3), signaling through a common
adaptor protein MyD88 This results in the transcription of
several activation markers including MHC II and B7 mole-
cules and the producuon of IL-1, IL-12, and TNF-a {3}

Address correspondence o Kim Bottomnly Secnon of [mmunobiclogy, Yale
Umiversity School of Mediaine, 310 Cedar Strect, New Haven, CT 006520
Phone 203-785-5391, Fax 203-737-1765, E-mail kim bottomly@vale cdu

asthma » Toll-like receptor « T cell « dendritic cell = lung

The role of endotoxin exposure 1 asthma development 1n
children has been controversial, with studies indicating e1-
ther a protective role through Th1 induction or an exacer-
baung effect on asthma seventy {1, 4, 5} It has been specu-
lated that the opposing roles of LPS mught be explained by
differences m exposure levels (6) However, these studies
did not address whether the association of household LPS
levels with asthma severntty 1s a result of enhanced allergen
sensitization or direct wntant effects of LPS on previously
sensitized individuals (4, 6) Our objective was to assess if
LPS affects Th2 sensibzation to aerpallergens and if the
amount of LPS exposure affects the disease phenotype

It 1s now clear that Thl adaptive wnmune responses re-
quire TLR signals (7) However, Th2 primung s thought
to occur elther as a default pathway in the absence of TLR
signaling or by a currently unidentified Th2-type activating
receptor(s) (3) Therefore, the role a microbial adjuvant
such as LPS plays in Th2 aeroallergen sensitizaton at the
site of natural exposure, namely the lung, 1s unknown

To directly address the role of LPS as an adjuvant for
Th2 sensitization 1n the mduction of allergic airway re-
sponses, we used a murine model of Th2 pulmonary -

1645 ] Eap Med © The Rockefelier Univerity Press » 0022-1007/2002/12/1645/7 $5 00
Volume 196, Number 12, December 16, 2002 1645-1651
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flammation 1n which primung occurs after anngen mhala-
tion without the use of alum We show that Th2
sensitization occurs only if inhaled allergens are encoun-
tered wrth LPS, signahng through TLR4 Furthermore,
different doses of LPS induce distinet subsets of Th cells
and therefore distinct types of inflammatory responses

Materials and Methods

Ammals  BALB/c] (WT) and C C3H-Tlr4 ¢ {TLR 44) muce
were purchased from The Jackson Laboratory BALB/cAnNCr
mice were purchased from the National Cancer Institute 6—10-
wk-old female mice were used 1n all expeniments with three or
four muce per group

Sensitization Protocols  Mice were anesthetized with methoxy-
flurane {Metofane} and then sensiized mtranasally with 100 g
OVA (Grade V, Sigma-Aldnch) i 50 pI PBS on days 0, 1, and 2 a5
previously described (8) For Fig 3, we senstized WT or TLR4d
muce wntrapentoneally with 100 wg OVA 1n 2 mg alununum hy-
droxide (Pierce Cherucal Co ) 1n a total volume of 0 25 ml

Awway Challenge  Mice were challenged on days 14, 15, 18,
and 19 intranasally with 25 pg OVA and killed on day 21 We
confirmed that TLR4d and WT muce mhaled the antgen solu-
uon equally by admunustersng Evan’s Blue (Sigma-Aldnch) intra-
nasally (9)

LPS Depletion and Measurement  Endotoxin Detoxi-Gel™
{Prerce Chermcal Co ) was used according to the manufacturer’s
instructions to remove >99% of the contamunaung LPS in the
admumstered OVA solution (resulting 1n a total dose <0 001 pg
LPS duning, priming), which was measured by hmulus amebocyte
assay (BroWhittaker)

Analysis of Bronchoalveolar Lavage (BAL}  Mice were killed
and BAL inflammatory cells were obtained as previously de-
scribed (10) We determuned staustical sigmficance using an un-
paired Student’s ¢ test

Lung Histology ~ Paraffin-embedded coronal lung sections
were prepared as previously described (8) and stained with hema-
toxyhn and eosin (H&E) or peniodic acid-Schiff (PAS) All im-
ages are at 100X

Determination af Serum Antibody Concentration  Serum was ob-
taned on day 21 for measurement of OVA-speafic IgE (11),
IgG1, and IgG2a (8) antibodies by ELISA as previously descnibed
Hypenmmune serum from OVA/alum immumzed BALB/¢ muice
was used for IgE standard and set at 500 U/ml Levels of detection
were 125 ng/ml (IgGG1), 16 U/ml {IgE), and 81 U/ml (IgG2a)

Lymph Nede Cytokirie Production Mice were sensiized and
challenged with either OVA (WT or TLRA4d) or PBS (WT) and
on day 21, medastinal LN cells were 1solated and stimulated 1n
vitre with 200 pg/ml OVA and syngeneic T cell-depleted sple-
nocytes Cytokines in culture supernatants were measured using
commercially available ELISA kits (R&D Systems) Levels of
detection were 25 0 pg/ml (IL-4}, 125 0 pg/m] {IL-5), and 1 9
ng/ml (IFN-vy)

Sermn and Bowe Marrow—derived Dendnnie Cell (BMDC) [L-12
Detection and BMDC Activanon Markers  Serum from mice was
obtained 4 h after the third inhalanon of OVA with hugh or low
dose LPS and measured p70 levels using commercially avadable
ELISA kuts (R&D Systems) For in vitro studies, BMDCs were
cultured as previously described (12) from TLR4d and WT muce
On day 9 of culture, we added 100 pg/ml OVA, 100 ng/ml
TNF-a, or 50 ng/ml LPS and harvested cells and supernatant at
12 h p70 level of detecuion was 7 8 pg/ml After Fc receptor

blocking with 24G2, CDIk® (HL3) cells were evaluated by
FACS® for MHC H (2G9) and B7 2 (GL1, BD Biosciences)

Dendnnc Cell (DC) Migration Studies 05 mg FITC-OVA
(Molecular Probes) was admimustered intranasally with low dose
(01 ug) LPS on days 0, 1, and 2 with or without 2 ug TNF-«
onday 1 On day 3, we harvested and pooled the draining LNs in
each group and blocked Fe receptors and then stained them with
anti-CD11c flucrochrome

Results

Dose of LPS Determines Type of Immune Response Gener-
ated to Inhaled Anfigen  We have previously shown that sen-
sitizanon of muce by exposure to mhaled OVA leads to ro-
bust pulmonary Th2 responses (8) To test the role of LPS
in these responses, we sensitized ruce by mtranasal expo-
sure to OVA depleted of contanmunaung LPS (<X0 001 ug)
or OVA with a high (100 pg) or low (0 1 pg) dose of LPS
These low and high doses of LPS are analogous to reported
endotoxin levels of samples from homes of atopic versus
nonatopic children, respectively (5) Mice exposed to LPS-
depleted OVA showed no airway inflammatery responses
after challenge with mnhaled antigen (Fag 1 A) and had total
BAL cell numbets equivalent to PBS controls In contrast,
mice sensitized with OVA contamung low dose LPS dem-
onstrated sigrmuficant increases 1n total BAL cell numbers as
well as lung ussue infiltrates and airway mucus secretion
{Fig 1, A and B) Both airway and tissue infiltrates were
domunated by eosinophuls, consistent with Th2-mediated
inflaimmation Dramming lymph node (DLN) IL-5 and IL-
13 production confirmed the Th2 nature of the inflamma-
tory response (Fig 1 C} Mice exposed to PBS or low dose
LPS alone did not generate pulmonary inflammation after
OVA challenge (Fig 2 A)

As LPS 1s known to be a potent inducer of 1L-12 pro-
duction from APCs in vitro, 1t rmught be expected to pref-
erentially simulate Thl responses Therefore, we tested
whether the surprising induction of Th2 responses was a
result of the low dose of LPS exposure Use of a lugh dose
of LPS dunng mtranasal OVA pnmng resulted m a Thi-
assocated response domunated by neutrophils and an ab-
sence of airway mucus producton n the lung (Fig 1, A
and B, reference 10) IFN-7y production from DLNs con-
firmed the mnduction of a Thl response 1n high dose LPS-
exposed muce (Fig 1 C) Serum antibody ssotype patterns
in groups sensitized with OVA contaming low versus high
dose LPS were also consistent with the generanon of Th2
(high 1gE and IgG1l) versus Thl (lugh IgG2a) immumty,
respectively (Fig 1 D) Thus, no arrway inflammatory re-
sponse was generated m rmce that had been sensitized with
LPS-depleted OVA, whereas anugen-specific immune re-
sponses were induced 1n the presence of LPS with low and
high doses inducing Th2 or Thi responses, respecnvely

TLR4 Signaling Is Required for Th2 Prnung to Inhaled An-
figens The requirement for LPS 1n the generation of Th2
responses to mhaled antigen was confirmed in C C3H-
Tirgt»t mice (13) expressing a nonfunctional TLR4
(TLR4d) When compared with WT, TLR4d mce ex-

1646 TLRA-dependent Th2 Sensitization to Inhaled Antigen
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Figure 1. The dose of LPS inhalcd with annigen determines the nature of the immune response gencrated (A) BAL inflammatory cclls of BALB/< mice
exposcd to LPS-depleted OVA (open ban), OVA wath low dose LPS (gray bars), or OVA with high dose Eschenchia ol LPS (sohd bary, Sigma-Aldnch) af-
ter challenge Monocytes constitute the remarnder of BAL cells (not depicted) Bars depict the mean * standard deviation *, P << (0 (11 {eosinophils 1n de-
pleted vs low LPS groups), ™, P < (0141 (cosmophils in hugh vs low LPS groups) ***, P < (1 01 {number of ncutrophuls m high vs low LPS groups} One
representanve expenment of ax s shown  (B) Ropresentatve lung sections stuned with H&E or PAS at 100X Arrows mdicate areas or penbronchiolar
cellular infilerace (H&E) of postave mucus staiting (PAS) (C) Cywkine producnon from lung draimng LNy i low (solid bars) and high (open ban) dose
LPS groups One representauve expenment of four i shown NID not detcctable {12) Serum antibodies of low (A) and high (O) dose LPS groups are
compared with pooled sera from nave BALB/e mice (X) Line depiets the mean P <00 05 (LPS high vy low dose) for 1gG1, IgE, and 1gG2a responses

posed to OVA 1n the presence of low dose LPS showed  imtiated with lugh dose LPS were sinularly abrogated n
marked reduction m arrway mflammanon (Fig 2 A) and TLR4d mace (not depicted)

DLN Th2 cytokine producuon {Fig 3 B, IN) We ob- These data support the observation that LPS s required
tained simular results using C3H/He] mice Thl responses  for the development of Th2 (and Th1) responses to nhaled

1647 Eisenbarth et al  Bnef Defimuve Report
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Figure 2. TLR4 signaling 1 required for Th2 sensibzation to inhaled
OVA (A) BAL mflammatory cells of WT or TLR4d micc sensiazed 1n-
tranasally with OVA with low dose LPS (01 pg), or WT pnmed wath
LPS alone, or PBS on day 21 Total bar height represents total cell num-
ber in BAL and error bar are based on total cell numbens ™, P << 004
(rotal BAL cell number from TLR4d vs WT) Onc representative exper-
iment of s1ix 15 shown (B) Serum anubedy responses by ELISA on day 21
in WT (&) and TLR4d (%) mice compared with pooled nave serum
(X) P<<005(WT vs TRL4d) for [gG] and IgE respomes

antigen However, because LPS signaling 15 absent dunng
both sensiizanon and challenge in TLR4d mice, we next
asked at what stage LPS was required (6} To address this
question, Th2 cell-dependent OVA-specific antibody se-
cretion was measured TLR4d muce demonstrated signufi-
cantly reduced OVA-speafic [gG1 and no IgE or IgG2a
anobody responses {Fig 2 B) In addition, there was evi-
dence of a reduced proliferative response in the lung DEN
of TLR4d muce as the cellulanity after intranasal pnimung
was substantially dimunished (59 = 14 X 10%m WT vs
23 203 X 10%cells m TER4d) Thus, there was evidence
of abrogated Th2 pnimung 1n TLR 4d nuce by systermic an-
tibody responses, DLN cellulanty, lung inflammation, and

B
H Eosnophils IN
0 Neutrophils P
O Lymphocytes
m Monocytes

Priming IN IN T BT

Strain WT TiRad WT TLR4

Figure 3.
hydroxide are capable of gencraung Th2 responses to QVA (A) WT and TLR4d
were pnimed ether intranasallv with OVA or mtrapentoncally wath OVA 1 alum
and BAL was evaluated on dav 21 after standard 1neranasal challenge Stacked bars

cytokine responses, consistent with defective T cell pnm-
g 1n the absence of LPS signaling

TLR 44 Mice Are Capable of Mounting Th2 Responses Using
the Adjuvans Alummum Hydroxide  To confirm that re-
cruitment pathways were mtact n the lungs of TLR4d
muce, 2 TLR4 independent mechamsm of Th2 primung was
used Alum 1s a potent Th2 adjuvant that does not contan
microbial products and therefore should not mvolve TLR 4
signaling to mutiate wmmune responses Therefore, TLR4d
and WT nuce were immumzed mtrapentoneally with
OVA/alum or intranasally with OVA/LPS 2 wk later,
both groups were challenged with inhaled anngen TLR.4d
muce were fully capable of 1mnianng Th2 immumty 1n the
presence of a non-TLR4 adjuvant as evidenced by eosino-
philic BAL mnflammarnion and Th2 cytokine responses 1in the
lung DLNs (Fig 3, A and B} Thus, arcumventing defi-
cient Th2 pnmuing with the adjuvant alum results 1n equiv-
alent pulmonary mflammation 1n TLR4d and WT mce,
mdicating that lung recruitment of eosinophils and lym-
phocytes 15 not impaired in TLR4d muce

TNF-a Restores Pulmonary Inflammanon 1n TLR4d Mice
Adjuvants imnate adaptive immune responses by activatng
DCs to present anngen 1n the context of MHC and costim-
ulatory molecules i the DLN (3) We hypothesized that 1if
we could induce DC mawration and mugration m the ab-
sence of LPS adjuvant signals in TLR4d muce, we could re-
store T cell pnrmung to mhaled antigen TNF-« 15 both a
product of LPS-stimulated DCs and 15 known to activate
DCs Using this cytokine to aircumvent defictent matura-
tion signals by LPS, Th2 responses were completely restored
in TLR.4d mice with admunistered TNF-a during sensitiza-
tien to mhaled antigen This included airway inflammatory
responses (Fig 4 A) and antibody responses (not depicted)
In additon, TNF-a adrmumistranon restored DLN cytokine
proeduction i TLR4d muce (116 = 22 vs 1516 = 590 pg/
ml IL-5 and 524 * 130 vs 2225 = 1186 pg/ml IL-13 1n
TLR4d vs TLR4d with TNF-a, respectively) These data
indscate that defecuve T cell pnming can be overcome using
the LPS/TLR -induced cytoiane TNF-e, implicating a role
for DC maturation and nugration 1n the LPS adjuvant effect

DC Maturation and Migranon to the DLN Are Dinuntshed
in TLR4d  To test whether the role of low dose LPS with
OVA inhalanon 1s to induce DXC maturation and migranon

1L-4 IL-5 iL-13
ND ND BWT
;. - TLRad
+] 500 1000 0 10000 ] 4000 ‘ 8600

TLR4d mice sensitzed intrapentoncally wath the adjuvant aluminum

of cell difftrennal are shown Total BAL ccll number 1 represented by height of
stacked bars and standard crror 1s based on total BAL numbcer 7, P <2 0005 (intranasally primed TLR4¢ vs WT muce) Mice immunized intraperntoneally
with alum alone did not respond (B) Cyvrokane producnion i pg/ml from DLN of intranasally or ntrapenconeally pnmed W'T (solid bars) or TLR4d
(open bars) muce NI, not detectable [FN-% was not deteetable from culeures of WT or TLR4d mice pnmed mrranasaily or intraperitoneally with OVA

contaimng a low dose of LPS One nepresentanve expenment of two 1s shown
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Figure 4. Th2 pulmonary responses and DC activation m respense to OVA with LPS are abrogated in TLRA4d muce bur can be restored with TNF

(A) We sensinzed mice as before with half of groups recaving 2 Ly recombinant murine TNF-a (R&1) Systems) intranasally on day 1 The number of
inflammatory cells recovered by BAL an dav 21 1 represented by the height of the stacked bars with error bars *, P << 0001 (WT vs TLR4d), ™", P =
000 (TLR4d vs TLR4d with TNF-o) (B) MHC [f and B7 2 FACS¥ analysis of CDle™ BMDCs from WT or TLR4d sumulated for 12 h with PBS,
100 mg/ml OVA/LPS, or 100 ng/ml TNF-a (C) Number of FITC' CDllc' cells in mediastinal LNs on dav 3 after intranasal admimistranon of
FITC-OVA with low dosc (1 pg) LPS {grav bam) with (+) or withour {—} 2 g mtranasal TNF-a (solid bary) on day 1 One reprascntznve expen-

ment of three 1vshown *, P = G 01 (TLR4d =~ vs — TNF-o)

resulting 1in Th2 pnmung, we examined BMDCs for up-
regulation of MHC II and B7 2 1n the presence or absence
of OVA/LPS or TNF-a Although both activation markers
were up-regulated on DCs from WT nuce in response to
either OVA/LPS or TNF-a, only TNF-a activated TLR4d
DCs i virro (Fig 4 B) We then vsed mhaled FITC-OVA
with low dose LPS to track mugration in vivo of antigen-
contaning DCs from the lung to the DLNs in WT versus
TLR4d muce Although nugration of CD11¢™ FITC™ DCs
to DLNs was seen 1n WT muce, no wgmficant anugen-
loaded DC nugration occurred in TLR4d muce (Fig 4 C)
Migration was restored in TLR4d rmice upon the adrmims-
tration of TNF-a with FITC-OVA Thus, Th2 sensitiza-
uon 15 abrogated 1 the absence of TLR4-associated DC
nugrattion When nugration to the DLN 15 restored using
TNF-o in TLR4d muce, Th2 responses are also restored
DC IL-12 Production Duffers after Exposure to Low and High
Doses of LPS  LPS 15 known to induce both cell surface
DC maturaton and the preduction of TNF-a, IL-1, and
IL-12 (3} As IL-12 15 a potent Thl skewing cytokine, we
hypothesized that differences 1n [1-12 production follow-
ing high versus low dose LPS inhalation with OVA nughe
explain the induction of Th1 versus Th2 responses, respec-
uvely To test thus, serum IL-12 levels were analyzed In
contrast to tce immunized with low dose LPS QOVA, WT
muce immumzed with hugh dose LPS OVA had sigmfi-
candy hugher levels of serum IL-12 (Fig 5 A) In vitro eval-
uation of WT BMDC confirmed that only high dose LPS
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Figure 5 Differennal [L-12 producnion with high and low dose LPS
(A} Serum [L-12 (p70) levels on day 2 of pnimung with mhaled OVA
contammg etther high (100 wg) or low (01 pg) levels of LPS (B) [L-12
(P70 production from WT or TLR4d BMDCs after sumulanon with
100 pg/ml OVA with low dose LPS, 100 ng/ml TNF-a, or high dose
{50 ng/ml} LPS for 12 ND, not detectable
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was capable of inducing IL-12 production, whereas OVA
(contaiming low dose LPS) did not (Fig 5 B) These data
are consistent with the differential inflammatory response
observed mn vivo (Thl vs Th2) and mmplicate an LPS
threshold requirement for IL-12 secretion Interestungly,
TNF-e, a cytokine capable of inducing DC maturation
and Th2 sensitization, was unable to induce IL-12 10 WT
BMDCs This 15 consistent with our observations that
TNF-o adnmunistranon dunng priming was capable of res-
cuing Th2 responses 1n TLR4d mice without the induc-
tion of Thl immumty (Fig 4 A) As expected, no 11-12
was detected from TLR4d serum or BMDCs sumulated
with OVA, TNF-«, or LPS

Discussion

The results presented here support 2 model of sensinza-
ton to inhaled inert proteins that requires LPS and the
TLR4 signaling pathway In addition, the amount of LPS
present dunng sensiization determines whether Thl or
Th2 mmunity 15 observed Although recent studies 1n
MyD88-deficient muce support a role for TLRs 1n the gen-
eration of Thl responses to proteins, Th2 responses were
shown to be MyD88 independent, suggesting TLR signal-
ng 15 not mmportant for the inducuon of Th2 cells (7)
However, recent work with MyD388-deficient DCs showed
that LPS stmulation induced {L-4 producuon with normal
up-regulation of costimulatory molecules resulting in a
Th2 skewing bias (14), suggesung that a MyD88-1indepen-
dent pathway, TIRAP/MAL, 15 responsible for the ob-
served response We rmght speculate that the threshold of
induction for these two signaling pathways of TLR4
requires distinct levels of signaling intensities, tesulting n
differential effects on the adaptive immune response The re-
sults from this study demonstrate the importance of TLR-
dependent adjuvants n the induction of Th2 responses and
the LPS dose differental of Th1/Th2 activation

Another study using crystalline OVA 1n alum mtraper-
toneally suggested that TLR 4-defective ruce could not re-
call Th2-type inflammanon to the lung (15) However, the
results presented here demonstrate that T cell priming us-
ing the adjuvant alum and cell recriutment to the lung are
wntact in TLR4d muce, as would be expected from an LPS-
free, non-TLR —dependent adjuvant such as alumunum hy-
droxade (Fig 3 A) This discrepancy may he in the genetic
vanation that could occur between the substrains of muce
used 1n therr study

The data reported here may help explain previously ob-
served differences 1in the response to inhaled protein, where
both tolerance and Th2 immumnty have been seen (8, 9) It
15 plausible that these differences are a result of varving lev-
els of LPS contarmination and that one reason this protemn
has been an effective antigen 1n many asthma models relaces
to 1ts inherent LPS conarmnation (16)

Vanous arumal models indicate that exposure to mcro-
bial sequences such as LPS can down-regulate Th2 pulmo-
nary responses (17) Epidermological data in humans sup-

1650

port a differential dose model with endotoxin exposure
correlated with both increased and decreased incidence of
lung disease and sevenity (1} Our data provide a model to
explain these conflicung findings 1n that OVA exposure
the presence of high dose LPS fails to 1nduce Th2 cells, but
mnstead induces both I1-12 producuon and a Thl response
By contrast, low dose LPS 15 not sufficient to induce Thl
cells but 1s required to induce Th2 mflaimmauon In the ab-
sence of LPS there 15 no sigmficant lung response Thus,
different levels of LPS exposure resulting m different Th
cell inflammatory responses mught explain the discrepancaies
in human studies Recently discovered mussense mutations
tn human TLR4 could likewise provide an explanation for
the vaniability 1 human sensitizanion to ubiquitous aero-
allergens (18)

Respiratory syncytial virus (RSV) infectons during
childhood have also been idenufied as a major nsk factor
for the development of asthma (2) Although RSV 15 hikely
to have muluple pathways of influencing asthma, it was re-
cently found that the mnate i1mmune response to RSV 15
mediated by CD14 and TLR4 {19) Thus raises the ques-
tion of whether LPS has a umque role 1n asthma or if other
TLR hgands could induce Th2 sensitization

We thank R Flavell and R Medzhitov for enucal review of the
manuscnpt and discussion, and P Ranney and L Xu for technical
assistance
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Affidavit Of

Martin F. Kagnoff, MD

Martin F. Kagnoff, being first duly sworn, states as follows:

1. | have been employed by the University of Califorma (San Diego) School
of Medicine since 1972. My title until July 1, 2007 was Professor of Medicine and
Pediatrics, UCSD and my new title beginning August 1, 2007 is Research
Professor of Medicine and Pediatrics, UCSD. | also currently serve as Director,
Laboratory of Mucosal Immunology and The Wm. K. Warren Medical Research
Center for Celiac Disease at UCSD.

2. Prior to my employment by UCSD School of Medicine (in various
positions) | was a “Visiting Scientist” at the Salk Institute.

3. My professional educational training consists of an MD from Harvard
Medical School; an internship and residency at Peter Bent Brigham Hospital
(currently Brigham & Women’s Hospital) in Boston; senior residency in medicine
at New York Hospital (Cornell University); and an NIH trainee in gastroenterology
at Boston University School of Medicine.

4. With regard to my experience in gastroenterology- and immunology-
related academic and research activities, please note that for decades | have
been significantly involved in gastroenterology/immunology-related research and
currently 1 am focusing on research areas involving the role of the intestinal
immune system in host-environment interactions, the intestinal response to
foodborne pathogens, and celiac disease. In these capacities, { have published
numerous, peer-reviewed scientific articles. | also teach as a member of
graduate programs in the biomedical sciences and molecular pathology. Finally,
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| have directed a NIH funded Research Training Program at UCSD for the past
decade.

5. | also participate in various, related, outside activities. These include
memberships in nine professional organizations (including the American
Association of Immunologists and the American Gastroenterological
Association), participation on vanous advisory boards and NIH-related review
sections, as a reviewer for twelve editorial boards (including Science, Cell,
Nature Immunology, Gastroenterology, Journai of Immunology, and Infection and
Immunity), and have served as a past Editor in Chief of the American Journal of
Gastroenterology: Gastrointestinal and Liver Physiology, as a past Editor and
Associate Editor of the Journal of Clinical Investigation, and on the editorial

boards of several journals.

6 In my capacity as a widely-recognized, world authority in gastroenteroiogy
and immunology (especially in mucosal immunology), | was asked by Pharming
Group NV - a biotechnology company producing drugs and food-related
products from transgenic animais — to participate on an expert panel whose
function it is to evaluate the safety of Pharming’s rhLF when used as an
ingredient in sports and functional foods at a level of 100 mg per product serving
- especially as it relates to rhiLF's ability, if any, to induce any adverse
immunological effect(s). More specifically, { was asked to review Pharming's
GRAS Notification (dated December 29, 2005) and Pharming’s subsequent
Response to CFSAN document {dated December 22, 2006), was supplied with a
copy of all references refeired to in both the GN and Response, and was asked
to indicate 1. whether | agreed with the substance and conclusions set forth in
the latter Response document, and 2. whether | had any comments to make
which were intended to make that document an even better science-based
response. On July 11, 2007 | provided Pharming with a written response to its
two requests. Such response was based, in part, on my own, independent
research into the pertinent scientific literature (in addition to all of the scientific

articles provided by Pharming).
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7. With regard to an overali evaluation of the Response document, |
indicated that after reviewing and analyzing alt of the documents and literature, i

generally agree with and support the expert panel's responses and conclusions
(as set forth in the response document).

This ends affiant's statement.

q\,:)@ffﬂym Mo

Martin F. Kagnoff, MD,/

STATE OF HAWAII )

) SS
COUNTY OF KAUAI )

SUBSCRIBED and SWORN to
before me this 234 day
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October 31, 2|007 Partner

| 202. 637. 5759
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Laura Tarantmo Ph.D., Director

Office of Food Addmve Safety

Center for Food Safety and Applied Nutrition

Food and Drug Administration

University Station Building

4300 River Road A
College Park, MD 20740

11-05-07P05:12 RCVD

Re:  Request for FDA to Notify Ventria Bioscience and Pharming Group N.V. of the
Impact of New Legislation on GRAS Notifications for Recombinant Human
Lactoferrin

Dear Dr. Tarantino:

On beilalf of our client, Agennix, Inc., we respectfully request that the Food and Drug
Administration (FDA) notify Ventria Bioscience (Ventria) and Pharming Group N.V.
(Pharming) that because of recently enacted legislation, the FDA will no longer review pendlng
or future GRAS Notifications for recombinant human lactoferrin (thLF). 1/ This action is
necessary to 1mplement Section 912 of H.R. 3580, the Food and Drug Administration
Amendments Act 0f 2007 (FDAAA), which President George W. Bush signed into law on
September 27; 2007. Section 912 specifically prohibits the sale of foods containing
pharmaceutlcal components such as rhLF.

L STATUTORY BACKGROUND
N

In general, Title IX of the FDAAA is devoted to enhancing FDA’s authority with regard
to the postmarket safety of drugs. More specifically, Section 912 entitled, “Prohibition against
food to which drugs or biological products have been added,” makes it a prohibited act under the
Federal Food,;Drug and Cosmetic Act (FFDCA) to introduce into interstate commerce any food
to which “has been added a drug approved under section 505, a biological product licensed under
section 351 of the Public Health Service Act, or a drug or a biological product for which

1

)V Pharmmg s GRAS Notice No. GRN 000189 was submitted to FDA on December 29,
2005 and is still pending. Ventria’s GRAS Notice No. GRN 000162 was submitted to FDA on
December 16, 2004 and withdrawn on November 6, 2006, but without prejudice to being
resubmitted in the future.
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Laura Tarantino, Ph.D., Director
October 31, 2007 f

Page 2

|

substantial clinical investigations have been instituted and for which the existence of such
investigations has been made public.”

|
Section 912 also contains the following exceptions to this prohibition, such that foods
containing such components may be sold in interstate commerce if:

(1

@

©))

i

such drug or such biological product was marketed in food before any approval of
the drug under section 505, before licensure of the biological product under such
section 351, and before any substantial clinical investigations involving the drug

. or the biological product have been instituted;

|
b
J
|

. the Secretary, in the Secretary’s discretion, has issued a regulation, after notice

! and comment, approving the use of such drug or such biological product in the

} food; or
| the use of the drug or the biological product in the food is to enhance the safety of
! the food to which the drug or the biological product is added or applied and not to

.! have independent biological or therapeutic effects on humans, and the use is in
| conformity with—
1
[

(A) a regulation issued under section 409 prescribing conditions of safe use in
| food,;
I
l' (B) a regulation listing or affirming conditions under which the use of the drug or
' the biological product in food is generally recognized as safe;

1 (C) the conditions of use identified in a GRAS notification to the Secretary,
| provided the Secretary has not questioned the general recognition of safety
1 determination in a letter to the notifier;

i (D) a food contact substance notification that is effective under section 409(h); or
i (E) such drug or biological product had been marketed for smoking cessation
« prior to the date of the enactment of the Food and Drug Administration

i Amendments Act of 2007. 2/

i
¥

|
1
!
i
|
t
"
+
!
1
|

2/

Section 912 contains a fourth exception — the drug is a new animal drug whose use is not

unsafe under section 512, which is not relevant to our discussion of recombinant human

lactoferrin and will not be addressed in this letter. Nor is the subparagraph dealing with smoking
cessation relevant to this letter.
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Page 3 ;%

IL VENTRIA’S AND PHARMING’S PROPOSED DISTRIBUTION OF
RECOMBINANT HUMAN LACTOFERRIN WOULD BE PROHIBITED UNDER
SECTION 912 OF THE FDAAA
Ventria and Pharming are each attempting, through the GRAS notification process, to

gain FDA authorization for a drug to be used in a food product that would, due to passage of

Section 912 of the FDAAA, result in that food being prohibited from distribution under the

FFDCA. Section 912 of the FDAAA specifically prohibits such distribution, and Ventria’s and

Pharming’s ﬂroposed uses for recombinant human lactoferrin do not fall within any of the

statutory exceptions to this prohibition. Accordingly, FDA should take the necessary action to

ensure that Section 912 is fully implemented and applied with respect to recombinant human
lactoferrin prPducts

A. Recombinant human lactoferrin is a drug for which substantial clinical

; investigations have been instituted and the existence of such investigations

. have been made public—and is therefore prohibited from being added to

, food

|

Recombinant human lactoferrin meets the threshold test under Section 912 because it is a

drug for which substantial clinical investigations have been instituted and the existence of such
mvestlgatlons have been made public. In fact, Agennix has been developing recombinant human
lactoferrin (thF) as a pharmaceutical drug under the authority of the FDA since 1996 (see, e.g.,
IND No. 6799, IND No. 11728 and IND No. 8546). Agennix is currently preparing to enter
Phase III clinical trials with thLF in advanced non-small cell lung cancer, for which Agennix
received Orphan Drug designation from the FDA, and has been granted Fast Track designation
by the FDA for both first-line combination therapy and third-line monotherapy. Agennix is also
preparing for"a Phase IIb trial in advanced renal cancer, and has been granted Orphan Drug
designation by the FDA for this indication. Moreover, the existence of Agennix’s clinical
investigation | of recombinant human lactoferrin has long been open and within the public
domain. For example an Agennix press release of May 10, 2001 explicitly stated “Agennix has
completed numerous pre-clinical and clinical trials with thLF demonstrating the enormous
potential of lactofemn in a wide range of clinical conditions.” See also Agennix press release of
May 22, 2003 “VAMC and Agennix Successfully Complete Safety Phase of Lactoferrin Cancer
Trial.” In addition to these press releases, Agennix has made other public statements detailing
clinical investigations with recombinant human lactoferrin that pre-date both GRN No. 000162
and GRN No. 000189. 3/ Section 912 of the FDAAA clearly prohibits a drug compound, such as
recombinant human lactoferrin that is actively being studied as a pharmaceutical product, to
enter the marketplace in a food product.

3/ For the complete text of these press releases and a partial list of relevant publications,
please see Attachment A.
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|
}4 Ventria’s and Pharming’s recombinant human lactoferrin products do not
:1 meet any of the exceptions found in Section 912 of the FDAAA
Ventrla and Pharming’s use of recombinant human lactoferrin would not be allowed

under any of the exceptions found in Section 912 of the FDAAA. These are described further, as
follows: |

1. Recombinant human lactoferrin has never been marketed in food.

4

Recombinant human lactoferrin does not qualify for the first exceptlon to the prohibition
because the c’ompound has not been marketed in human food products prior to the initiation of
clinical 1nvest1gat10ns by Agennix in 1996. In fact, thLF has never been marketed in human
food products Therefore, by the plain language of the statute, rhLF does not qualify for the first
exception forI food products that were marketed first.

Ventria’s and Pharming’s proposed uses of recombinant human
lactoferrin have not been the subject of FDA rulemaking to allow such

! uses in human food, and FDA should not initiate such rulemaking

I
!

Recombmant human lactoferrin similarly does not qualify for the second exception in
Section 912, whlch allows the Secretary, at the Secretary’s discretion, to issue a regulation after
notice and comment, approving the use of the drug in a food. FDA has issued no such
regulation. Again, therefore, under the plain language of the statute, rhLF does not qualify for
the rulemaking exception in Section 912.

Nor should the agency initiate such rulemaking. The use of recombinant human
lactoferrin in‘conventional foods does not present any compelling reason that would justify the
expenditure of FDA'’s limited resources for this purpose. Indeed, the initiation of rulemaking is
no routine matter Congress gave the Secretary complete discretion on whether to initiate
rulemaking, and such discretion should only be used in matters that have a significant public
health beneﬁt! Before FDA should even consider the question of i 1n1t1atmg a rulemaking
proceeding, entrla and Pharming should be required to show — in addition to its safety — that
the use of rhUF in conventional food products is necessary to benefit public health.

| 2
|

FDA has not even been satisfied of the safety of rhLF, and has notified Ventria that the
agency plans to conduct a public scientific inquiry into the complex scientific issues presented.
FDA’s response letter acknowledging Ventria’s withdrawal, dated November 20, 2006, informed
Ventria that the agency had ceased to evaluate their notice but “plans to engage the wider
scientific communlty for further consideration of the complex scientific issues in the notice.” 4/
Moreover, the only potential benefit of Ventria’s and Pharming’s proposed uses of rthLF would
be therapeutlc which would render the product a drug--exactly the type of component the
FDAAA was enacted to keep out of conventional foods. Accordingly, thLF would not be a

proper subject of such rulemaking.
I

i

4/ See Agency Response Letter GRAS Notice No. GRN 000162 ar
http://www.cfsan.fda. gov/~rdb/opa-g162.html.
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|
'3, Ventria’s and Pharming’s proposed uses of human lactoferrin are to
j have a biological or therapeutic effect on humans

Ventria’s and Pharming’s proposed use of recombinant human lactoferrin similarly does
not fall under Section 912’s third exception, which allows for the use of the drug in a food if it is
being used to enhance the safety of the food and not to have independent biological or
therapeutic effects on humans (and it meets one of the other conditions, such as receiving a food
additive approval or receiving agency authorization under the GRAS notification process). The
inclusion of thLF in food is clearly not to enhance the safety of the food, but to promote
precisely what Section 912 prohibits — an independent biological or therapeutic effect on
humans. Indeed, as will be highlighted below, both Ventria and Pharming have publicized
recombinant human lactoferrin’s pharmaceutical-like properties while making no mention of any
increased safety of the food product itself.

i
i i. Published statements attributable to Ventria regarding its
' proposed uses of recombinant human lactoferrin

The followmg are published statements attributable to Ventria regarding its proposed
uses of thLF.; These statements speak for themselves. Additional statements are also contained
in Attachment B.

Prepared Re';marks of Mr. Scott Deeter, Ventria President and CEO before the
Subcommlttee on Rural Enterprises, Agriculture, and Technology (entitled “Different

Apphcatlons for Genetically Modified Crops”) June 29, 2005 5/

:
. '] “Ventria Bioscience is a plant-made pharmaceutical company that utilizes rice
and barley as a factor to produce blologlc products. Ventria’s initial products

provide human health benefits..
4

“Ventria believes this technology will lead to more affordable medicines for a
. much broader patient population than what is possible with conventional
biopharmaceutical production technology today.”

|
1
i
/

“These advantages pave the way for a paradigm shift in biopharmaceutical
production for the benefit of patients worldwide.” (citing reasons for Ventria’s
¢ economic advantage)

“As an illustration of the strength of Ventria’s technology, I would like to
describe some of the human health products in development. Ventria’s first two
human health products are proteins called Lactiva™ and Lysomin™.” [Note:
Lactiva™ is the proposed trade name for recombinant human lactoferrin.]

|
i
|
S/ See Al"itachment C.
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l
|
i
. |

|
i
|
|
I

“

“There are several products being developed by Ventria that will incorporate
Lactiva™ and Lysomin™. One product has been developed for children
suffering from acute diarrhea. The World Health Organization estimates that 1.9
million children under the age of 5 die annually due to diarrhea. To address this
crisis, Ventria added Lactiva™ and Lysomin™ to an oral rehydration solution,
which is a common first line therapy given to children suffering from diarrhea.
By adding Lactiva™ and Lysomin™, Ventria believes it can improve the
recovery rate and reduce the severity or duration of diarrhea in these children.”

“Ventria is also exploring the use of Lactiva™ and Lysomin™ for the prevention
of diarrhea in the military.... This is a silent enemy attacking American troops.
Ventria has set its goal to reduce the diarrheal attack rate by 50% with the

. preventive administration of Lactiva™ and Lysomin™.”

“Another use of Lactiva™ that is being developed is for the management of
inflammatory bowel disease, or IBD. IBD afflicts over one million Americans
and over four million people worldwide. IBD is an extremely debilitating disease
that causes severe abdominal pain, weight loss, poor absorption of nutrients and
chronic gastrointestinal ulcers.”

“Ventria is also working with University of Cincinnati to develop a treatment for
chronic lung infections caused by Pseudomonas, which is the leading cause of
death for patients suffering from Cystic Fibrosis.”

ii. Published statements attributable to Pharming regarding its
proposed use of recombinant human lactoferrin

Pharmmg made similar statements with respect to its thLF products having biological or
therapeutic effect in humans: 6/ -

|

|

Excerpts from Pharming’s website, available at http://www.pharming.com 7/

“Human lactoferrin (hlf) is a natural protein that helps to fight and prevent
infections and excessive inflammations and strengthens the defense system of the
human body.”

“Lactoferrin is a multi-functional protein with many beneficial properties, which
makes it a good candidate for a number of product applications. Since the protein
has the ability to bind iron, is a natural anti-bacterial, anti-fungal and anti-viral, is
an antioxidant and also has immunomodulatory properties, large groups of people
might benefit from orally administered lactoferrin.”

6/ See Attachment D for corroborating press articles indicating that Pharming’s rhLF has
independent b1010g1ca1 or therapeutic effects in humans.
1/ See Adttachment E.
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Pharming Press Release, Jan 31, 2007 available at http://www.pharming.com 8/
. ‘}* “In addition, a “Feasibility” subsidy was granted that will allow the Company, in
f; collaboration with the Erasmus Medical Center in Rotterdam, to establish the role
! of lactoferrin in bone formation and explore a business and clinical development
, strategy to develop lactoferrin as a new product in the field of bone diseases such
as osteoporosis. Lactoferrin is one of Pharming’s current products under
development.”

i!
Pharming P_lll'ess Release, Nov. 24, 2004 available at http://www.pharming.com 9/
o '; “Human lactoferrin is a natural protein that helps to fight and prevent infections
1 and strengthens the defense system of the human body. The protein is present in
+ substantial quantities in mother's milk and plays an important role in the defense
I system of infants. The protein is also present in various body fluids and continues
i to play an important role against a wide range of bacterial, fungal and viral
I[ pathogens in adults.”

o | “Pharming is developing recombinant human lactoferrin (thLF) as a nutraceutical
1 and intermediate while evaluating applications of the product for the

| pharmaceutical market.”

I

| 4, The addition of human lactoferrin to food products does not enhance
il food safety
Given'§ the extensive statements above, any claims at this point in time by either company

that rhLF is 1ﬁtended to be used to enhance the safety of food products would be inconsistent
with their repeated prior public statements. On the contrary, it is clear that the benefits rhLF is
intended to have are precisely the independent biological or therapeutic effect on humans
prohibited by\ Section 912. This becomes even clearer when considering the foods to which
Ventria and Pharmmg have indicated they would add rhLF. Specifically, Ventria has indicated
that it 1ntendSIto add rhLF to functional foods and drinks such as frozen yogurt, popsicles, meal
replacement& performance beverages and bars (including granola and “Ensure”-type drinks),
medical foods, and oral rehydration solutions. 10/ Similarly, Pharming has indicated rhLF would
be added to meal replacements, sports beverages, frozen yoghurt, yoghurt, ice cream and other
frozen deserts cereal, energy and health bars, and milk-based meal replacements. 11/ Given the
highly processed nature of these foods and the lack of any food safety hazard that requires the
addition of an agent intended to enhance the safety of the food, the addition of rhLF would not

be for any mcrease in food safety, but rather expressly for its biological or therapeutic effect.
;l

|
!!

8/ See Attachment F.

9/ See Attachment G.

10/ Ventria GRAS Notice No. GRN 000162 pages 5 and 28.
11/ Pharming GRAS Notice No. GRN 000189 page 53.
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Moreover to qualify for this statutory exception, the compound must meet BOTH
criteria—i.e., enhance the safety of the food AND not have a biological or therapeutic effect on
humans—and rhLF fails on both counts. Ventria and Pharming have each clearly marketed the
use of thLF for its biological and therapeutic uses, which renders it a drug. Each company’s
public statements focus specifically on thLF’s biological or therapeutic effect. Neither company
can credibly clalm at this point that the intended use of the rhLF is to enhance food safety.
Indeed, consumers would purchase products contammg thLF for the alleged biological or
therapeutic effects and not due to any increase in the safety of these foods. Therefore, Ventria’s
and Pharming’s proposed use of recombinant human lactoferrin does not fall within Section
912’s third and final relevant exception. Consequently, the sale of products containing such
components is prohibited.

I ACTION REQUESTED

Sectlon 912 of the FDAAA makes clear that the addition of drug compounds, such as
recombinant;, human lactoferrin, to conventional foods is strictly prohibited, unless one of the
carefully deﬁ]ned exceptions is met. The proposed uses of recombinant human lactoferrin in
food do not fall within any of the exceptions delineated in Section 912. Because it is now
unlawful to use recombinant human lactoferrin in foods, it would be i incongruous (and an
unjustified use of scarce FDA resources) for the agency to still consider any review of GRAS
notifications for its use in foods. In light of the above, we hereby request that the FDA notify
Ventria and Pharmmg that the use of thLF in foods is now prohibited by law, and that the agency
