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convert a system | actose mal -di gester because that is the
clinical relevance, | guess --

DR. SANDERS:  Ri ght
DR RUSSELL: -- to one who beconmes asynptomatic.

DR SANDERS:  Ri ght.

DR RUSSELL: |f they eat X product twice a day,
can they then drink a certain anount of‘m|k?

DR SANDERS: See, nost of these studies are done
actually delivering mlk products. So, it is a certain
bacterial |oad that goes along with the product. So, the
yogurt, sort of by definition by fornulation standards
contai ns about 10® of these viable yogurt cultures per gram
So, if they consume the yogurt that contains this nunber of
| act ose- produci ng organisns there is a reduction in systens
and the biomarker for |actose intolerance.

DR RUSSELL: In that product.

DR SANDERS:  For the consunption of that product.
In fact, they have done studies |like this where soneone wl|
eat a carton of.yogurt and then drink mlk or take an
additional lactose load and it overbears the system ypu
know, the organisns that are there can help digest the
amount of |actose that comes along with the product but not
an additional |actose |oad.

DR RUSSELL: So, in a way that is kind of a

m sl eading claim --
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DR SANDERS: \Well, no products are really

marketed -- | mean, if you look at the dietary suppl ement
products that mght deliver, in nmy opinion, the nore

val uabl e culture of Streptococcus henophilus and vul gari cus,
not so nmuch the intestinal organisns, probiotic organismns,
but if you took a capsule of dried organismalong with a
glass of mlk, you know, there is a chance then that you are
delivering an adequate nunber of those bacteria that woul d
allow you then to drink the mlKk.

So, you know, whether that specific study has been
done -- you know, part of the problemwth these clains is
that | think, as wth nmany of the products that Roger
showed, you would be hard-pressed for at |east sone of them
or many of themto have them pull specific studies on the
specific strains that they are selling. They are muking,
for the nmost part, generalizations about probiotic research
as a whole and as long as it is published about
Lactobacillus, they figure they can say it. That, of
course, 1S not an exceptionally rational approach but I
don't know that those studies specifically have been done
But | think phenotypically, there is probably enough of a
body of evidence on inproving |lactose digestion that
suggests that an adequate dose of about 10% organi snms can
hel p you digest -- 1 should take that back, maybe 10
organi sms can help you digest the |actose that acconpanies
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LOO or 200 mL of m K.

DR RUSSELL:  Thank you.

DR. BENEDI CT: Dr. Cohen?

DR COHEN: Wth respect to the primary cultures
or organi sns, what is generally known about the origin of
these? You tal ked about the Shirota strain, but what about
some of the others both in the supplenents and the foods? |
mean, if | was going to open an operation tonorrow, where
woul d | acquire my organisns?

DR SANDERS:  You would go to ATTC.

DR COHEN: |'s that the source of nost of these
strai ns?

DR SANDERS:  You woul d buy your bugs from them
and get sonmeone to grow themfor you, or the other thing you
could do is go to the culture suppliers. That is their
busi ness, to have strains of organisns and, for the nost
part, those organisns are identified by ATTC as being a
source.  yau know, the sources are many times known.  They
will Iist mheré‘it cane from and whose lab it came out of.
The smal |l dietary suppl ement manufacturer would probably do
that. The bigger conpanies, |ike Valio, Nestle and all of
them they have isolated their own strains, and they
oftentinmes will do that from human sources.  vyou know

oftentimes they nake a big point that it is from healthy

micosa or fecal sanmple. | think one of the Lactobacillus
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reuteri strains that is coomercialized is froma human m |k

source. So, there are a variety of human sources but |
think for the nost part the conventional wsdomis that you
want it to be a human source. But they are not necessarily
traditional food source organisns.

DR COHEN: | guess you do have sone variability
with the larger conpanies, but with the smaller ones then is
there generally nore honogeneity anong strains?

DR,. SANDERS: More honopgeneity?

DR COHEN: In other words, if they are being
pur chased from common ATTC sources and things like that, are
they really using simlar strains?

DR CLEMENS: They are and they aren't. Let's go
back to the origin, and Mary Ellen is absolutely correct in
terns of they are looking for a human origin, of course.
Also, in addition to ATTC you go back to a German
counterpart. At the sane time, it is inportant that we
actually identify the organi sms because nethodol ogy which
the ATTC and the DSM was categorizing and catal oging -- the
met hodol ogy has changed since that tine. If you go back to
a paper, for exanple, in 1992, if | recall, by Petrov, he
indicated that one particular froma German culture actually
was six strains based on new nol ecul ar techniques. So,
again, the supplier doesn't always have those techniques.

So, it becones incunmbent upon the end user, whether it is a
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food conmpany or a suppl enent conpany, to specifically

identify and have those genetic markers to know exactly what
they are using.

Now, many tinmes taxonony has al so changed. Dr.
Archer and nyself have gone through a nunber of strains
which, over a very short period of time for exanple, B
bifidum becane B. animalis, becane B. lactentis, and who
knows where it will go next. So, it is really inportant
that we identify the genetic makeup of these organisns.

DR SANDERS: In terns of your comment about are
t hese organisns very simlar and is there honogeneity
between what is being sold, | think that now that we have,
over the past ten years or so, the ability to | ook at DNA
chronosonal fingerprints we have a nuch better sense of how
related some of these strains are. In fact, the
Lact obaci | |l us aci dophilus strain that is sold by Chris
Hansen is identical to the one that is sold by -- |
shouldn't say identical, but | should say their chronosonal
patterns are indistinguishable. So, basically the sane
genotype is being sold by themas well as by Rodia. That
has been published.

In our lab, we haven't published it yet but when
we just isolated strains out of product we found that there
is a high level of honobgeneity between casei product that is
in the pannon product and the Yakult strain that is in their

M LLER REPORTI NG COVPANY, | NC

735 8th Street, S.E
Washi ngton, D.C 20003- 2802

Y. s o




599

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

106
product. So, you know, vyou have to say, well, is that

because there are common sources of origin, or is it because
this is just a dom nant genotype that is present in nature?
And, you oftentinmes have to deal with that question about
how many different unique strains really exist, and we
really don't know the answer to that question. Are there
ten strains of rhamosus or are there a hundred strains of
rhammosus? | don't know.

DR BENEDICT:  Dr. Buchanan?

DR. BUCHANAN: dearly, both of your presentations
establish a need for understanding what is the actual dose
consumed. | guess | have a couple of questions about the
degree of sophistication in ternms of quantifying those
doses. A characteristic of many microorganisnms is that if
you stress them Ilike you would stress themin freeze-
drying, you mght injure themto the extent of anywhere
bet ween 90 and 99.99 percent of the popul ation, such that
t hey woul d | ook characteristics |ike bioresistance or
resistance to acid. So, what degree of sophistication when
you quantify these doses in a product in relation to the
actual dose that would survive to reach the active site
within the body -- would you be able to say that, yes, we
had 10'° here but the actual delivered dose to the site in
the body was sone five or six orders of magnitude |ess? Is
that taken into account when you do these kinds of
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evaluations?

DR SANDERS: No. In terms of what is |listed on
lLabel s and whatever, not at all. | think, for the nost
part, the way products are enunerated is based on the
kindest possi bl e nethods. So, they are going to be
enunerated on nedia that don't provide selective agents or
ssel ective agents that aren't going to be inhibitory to
injured cells. It depends on the product though because
i crobiologically you run into sone difficulties because if
'you have a mixed culture product, |ike the Actinel product
where you have Lactobacillus vulgaricus and a Streptococcus
‘henophi | us and a Lactobacillus casei, then you have to have
mmedi a that can differentiate anong those before you can get
a count.

So, oftentines you would have to put sonme type of
sel ective agent in. In that case, you know, a conmon
approach would be to use nmedia containing bile. Bile has
‘been published many times to show that it inhibits injured
cells fron1groﬁ;ng. For the nost part, you know, if you

take a group of cells and you plate themon bile or wthout

bile you get much higher counts if they are an injured

popul ation on regular nedia than you would if bile were

there. So, if they are forced to enunerate using that type

of a medium then you are going to be getting essentially

the strains that are uninjured. |f you have a pure culture
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product |ike the Yakult product, then you might not run into

that. But, you know, it is really conpany specific as far
as | would know as far as how those enunerations would take
place.

DR. BENEDI CT:  Dr. Hotchkiss?

DR HOTCHKI SS: Yes, a question for you, Dr.
Sanders or Dr. Cdenens, or maybe both, related to efficacy.
Cinical trials are obviously one way to investigate
efficacy, but it seens to ne that, as you point out, sone of
these products have such a long history of use -- | think
you said Yakult since 1935 in Japan, and they are also very
loroadly consunmed, and consumed repetitively, it seenms to ne,
and raise the issue of epidemological studies. It seens a
fairly straightforward -- well, epideniological studies are
never straightforward but if they were, this is a case for
them perhaps. Have the Japanese, through all these years
and experience with sone of these products, conducted any
epi dem ol ogi cal studies? [|f so, what do they say? |f not,
why haven't théy?

DR. SANDERS: | think that is an excellent

‘question. Yes, that is a population base that is ripe for

doing an epi dem ol ogi cal study. | agree. | mean, if you
truly have ten percent of the population consum ng not just
probiotic products but a specific strain of a high |evel
dose going into these people -- | nean, that is a great
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opportunity. Have they been done? No. The Yakult conpany

has published one study that was | ooking at recurrence rates
of superficial bladder cancer in patients and what they
found was that they could decrease the recurrence rate of
this type of cancer by -- | don't know, half a year maybe;
yves, It was |ike 100 and sone odd days that they were
recurrence-free |l onger than the popul ati on that was not
consum ng the Yakult product, and that is the only

epi dem ol ogi cal study that is very specific on a particular
product or a particular probiotic strain that | amaware of.

Now, why don't they do it? Probably partly
because of cost and partly because they don't need to do
that to sell their product. | mean, even though they are
al l owed to nake these functional food health statenents,
they don't even have to do it because their product
basically seens to -- there seens to be an understanding of
what this product does and they maybe don't need the data to
do what their mssion is.

DR CLEMENS: There hasn't been any post mar ket i ng
surveillance on any of these products to the best of ny
know edge either, except for the report that Mary Ellen just
al luded to.

In terms of safety, if there had been an issue it
woul d have popped up sonewhere in the literature and
certainly through governnment regul atory agencies. Byt from
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an efficacy perspective there has not been any postnmarketing
surveillance to look, in fact, is it continuing to deliver
those respective benefits.

DR BENEDICT:  Dr. Hotchkiss has another comment.

DR HOTCHKISS:  Just as a follow up, you have
outlined that there are a nunber of these itens around the
world. It seenms to ne eventually FDA is going to have to
make a nunber of decisions, one of which is efficacy of
certain clainms that will want to be nade around these
products, but without the supporting information it is going
to be hard for FDA to allow the kind of clains, it seens to
me, that people would |like to make about these products.

DR. BENEDI CT:  Dr. Cohen?

DR. COHEN. The issue that you briefly mentioned
about the Japanese product and safety | think is an
excel | ent opportunity. | f you have ten percent of the
nation that is consumng the product, then reviews of the
occurrence of these organisnms in the popul ation can be done.
Aside from nmaking the assunption that it woul d have been
recognized if it was occurring, it would certainly be
worthwhile to | ook at that because then you woul d have a
really neasure of risk

| was thinking, when you were talking about this
in the United States, that there night be sinmlar estimates
of U S consunption but it sounds like there is so nuch
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liversity that it mght be hard to, you know, really have

:he denom nators. But the Japanese experience would of fer
Ilou some denom nators that would allow quantification

DR SANDERS. O course, there are many ot her
>roducts on the Japanese market besides Yakult. | mean,
dorinaga has quite a large market share in their
3ifidobacterium strain. A snow brand is another dairy
zompany that puts out products. But, certainly, if you
Looked just at Yakult consumers you would have a nice -- ten
>ercent IS a luxury; you know, their population is a huge
nunber of people.

DR CLEMENS:  Yes, you could sinply |look at the
results fromtheir clinical mcrobiology |aboratories for
che presence of organisnms, or even obtain organisns over a
seriod of tinme and subtype them That is certainly
something that could be fairly easily done to give some sort
>f accrued risk estimate for a specific organism

DR BENEDICT: Dr. Russell?

DR RUSSELL: | think this is for Dr. Oenens. Am
| correct in saying that for nost properties of the
probiotics it is assunmed or it has been shown that it is
i nportant that they reach the active site, for exanple in
the G tract, as viable organisns?

DR. CLEMENS: The mmjority of the literature does
support that. | think Mary Ellen indicated that, in fact,
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you don't always need to have viable organisns to produce

activity or desired outcone at the active site-and generally
that is the G tract. At the same tine, some really fine
work that has been done in Japan by Yasui; if you |ook at
some work that has been done by Bob Yolken at Johns Hopki ns,
clearly there is some cell-cell communication, and clearly,
that is one of the issues. You |ook at the nucosal |ining
of other surfaces, for exanple the respiratory tract, the
auditory track, and clearly those cells seemto be
responsive to IgA produced in the IGtract or stinmulated in
the IGtract. So, for the potential benefit, it doesn't
necessarily nean it has to only occur in the @ tract.

DR RUSSELL: Right, but the presunption is that
viability is inportant at |east to reach the G tract so the
rest of the processes can take place.

DR CLEMENS: Over 99 percent of the clinical
trials have focused on that attribute, yes.

DR RUSSELL: And wouldn't that be an inportant
part of the process of making a claimthen to show that, in
fact, viable organismfrom sonething that was eaten, even if
it has a |lot of organisms when you put it in your nouth,
actually still had viable organisns in the intestine?

DR CLEMENS: As a matter of fact, that is an

i nteresting question. In fact, in nmany of the studies in

which | participate you can recover the various organisns --
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what you eat you also recover in the stool sanples. pByt, as

you wel |l know, recovering sone of these bacteria can be
quite a nethodol ogical challenge. Bifidobacteria are very
fastidious but we have denonstrated that not only do we
recover the organisns that we fed but that actually, from
genotyping, they are the sane organisns that were

adm ni st er ed.

DR RUSSELL: There are in vitro nodels of the G
tract now that could possibly be used in that, but |I am also
wondering, if all these things are true, whether the vehicle
in which these organisns are and the buffering capacity of
the vehicle or the characteristics of the vehicle would
greatly alter or change possibly the survivability of the
organism for exanple, just thinking of gastric acid if you
have it in a nmedia of high buffering capacity, it is nuch
nore likely that those organisns are going to survive in the
small intestine than if you take it as a pill wthout any
buffering capacity.

DR CLEMENS:  You can go in both directions on
this, on the buffering capacity exanple. Cearly, in the
stomach you want a high buffering environment so that they
can survive the gastric acidity. Yet, inthe G tract, post
the valve, you want to have an environment that has a | ower
buffering capacity because sone of the characteristics or
properties you wsh to have the organi sm produce -- for
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exanple, short-chain fatty acids, you want to have a |ower

buffering capacity for their effect against potential
pat hogens. So, it is a double-edged sword in that regard.
DR RUSSELL: Except that the buffering capacity,

because of the digestive process taking place in the smal

intestine, would be changing fromthat quite a bit. | mean,
the real buffering issue is probably nostly -- don't you
agree -- centered on the stonmach?

DR. CLEMENS. Yes, | do.

DR SANDERS: | was just going to say that is one
of the values of consum ng probiotics as part of food rather
than in a pill, you do have a sort of built-in protective
mechani smwi th consunption

DR RUSSELL: Yes, | think it gets back to how
inportant the issue of viability is. If we really think
that that is inportant, shouldn't that be part of a
requi rement nmaybe or a regulatory process in order to make
legitimate clainms? Not only that you start with a viable
organi sm but that sonmehow it survives in the nedia that you
put it in, in the @ tract?

DR BENEDICT: And just to follow up on Dr.
RusselI's question, if viability is inportant do we need to
address potential phenotypic shifting as a result of going
from what you are culturing it in to going to the gut? Has
that been tested, and is that worth thinking about?
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DR SANDERS: To iy know edge, that has not been

systematically tested. There is some work going on at North
Carolina State University, in Todd Kl aenhemmer's lab to | ook
at the influence of dairy products as a nedium of delivery,
and their attributes that m ght enhance or decrease
expression of certain gene systens. You know, it is jut the
begi nning of what could really be a huge investigation
because you nmake a very good point, we really have very
little sense -- we have a pretty good sense in industry
about what it takes to nake these things survive so that
when you nake your product you have high levels. W know
how you can mani pul ate fernentation conditions. But how

that manipulation ultimately affects survival or expression

of probiotic function in vivo, | think we know al npst
nothing about that. In fact, sone of the steps we may take

to enhance cell population at the front end may put the
cells in a physiological state where they, arguably, could
be nmore harmed by the G tract, and the exanple of that is
exposure, for exanple, to low pH which, during growth, m ght
in fact activate gene systens to allow themthen to survive
better through the stomach. O course, generally speaking
t he approach in cultivating these organisns is to keep the
pH as neutral as possible because you get higher cel
densities. So, | think you bring up a very good point and |
don't think much is known at all.
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DR BENEDI CT: Dr. Buchanan?

DR BUCHANAN.  Thank you, Steve. | just wanted to

ask a point of clarification about a comrent you nade, Dr.
Sanders, and | think I amgoing to ask Dr. Cohen to respond
toit. You indicated that enterococci infections are
primarily nosocomal in nature, and | believe that is true
for the United States but | do not believe that is true for
Eur ope.

DR COHEN:  Well, enterococci occur both as
communi ty acquired and nosocom al infections. Comon

community acquired infections are urinary track infections,

lnaybe endocarditis, potentially post-traumatic. Hospital
{acquired infections frequently occur in intensive care

funits, can be blood streaminfections; can be heart valve
| infections; can be surgical wound infections. So, it can

d occur in both settings.

DR BUCHANAN: My inpression was particularly the
antibiotic resistant infections that have been cropping up
on both sides of the Atlantic, that the epidem ol ogy

associated with those infections was substantially

different.

DR COHEN:  Between the parts of the world?
DR, BUCHANAN.  Yes.

DR COHEN: | think the degree to which it has

| been exanined as such is somewhat different. In the United
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States the vanconycin-resistant enterococci are primarily a

nosocom al problem and sone of the drugs which were used in
animals were not used in the United States. In Europe there
have been studies that can show vancomnycin-resi stant
enterococci present in people in the comunity as well as
strains in the hospital. Wen they have tried to | ook at
the different strains of enterococci, they started finding
different relationships. There seemto be some species
differences, species in animals and humans in the conmmunity
and in the hospitals. So, it is not totally clear-cut but
there does seemto be relationshi ps between sone ani nal
species and isolates from humans. Now, in Europe, in the
community you are not tal king about sick people. In the
United States in hospital and in Europe in hospital you are
tal ki ng about infections occurring with these organisns.

DR BENEDI CT:  Dr. Fuki gawa?

DR FUKI GAWA:  Thank you. Despite having a
Japanese nanme, | amnot famliar with the Japanese
experience. So, | have two questions. First of all, could
you clarify for me whether the use of probiotics is
regul ated in Japan or not?

DR SANDERS: | amnot sure what it would take,
for exanple, to put a probiotic product on the market in
"Japan. | don't know if it is viewed as food ingredients. |
don't think they have a dietary supplement type of a
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category like we have here. But | do know that if you want
FOSHU status, foods for specified health use which is the
Japanese functional foods, you do have to go through a very
specific petition-filing process and provide docunentation
for exactly what you are selling; what the active ingredient
is; and then the studies that support whatever statenent you
are asking to be able to make. Then, the Japanese Mnistry
of Health reviews it and then nmakes a judgnent about whet her
or not those are allowable.

DR. FUKAGAWA: So, that is essentially paralleling
what we are trying to do here in the U S

DR. SANDERS: Well, it sounds to ne like there is
nore of a parallel with that and our health clai mapproach,
although | don't think theirs is as extensive and there are
many, Many nore products. | mean, there are 80-100 type of
FOSHU foods that are acknow edged in Japan -- ingredients
and/ or foods. So, their level of approval is a different
pace than what we have here, and you can see by what they
allow that nore general statenents are allowable, and they
are product specific. So, if Yakult goes in and asks to
have their product evaluated, only they can use the
statement that is allowable, whereas that is not true here.

DR FUKAGAWA:  The second question | have is in
terns of having these products marketed, do they actively
use these health clainms or is it just a culturally accepted
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food ingredient or food stuff, such that it is not an issue

to try to convince the public, and so, therefore, what this
is leading up to is that perhaps because in the Wstern
world there may be nore fear of bacteria -- you know, on the
one hand people are buying antibacterial soaps to wash their
hands before they feed their child and don't want their
child to pick up food fromthe floor and eat it and yet, on
t he other hand, we are saying nore bacteria are good.

DR SANDERS; Right.

DR FUKAGAWA:  And perhaps this inbalance is
creating the need for us to convene to try to determne
whether or not it is sonmething that is potentially bad
because we have this uncertainty. Do you think that is part
of the dilemm?

DR SANDERS: It is hard for me to speak for the
Japanese culture but the sense |I get in terns of what is
publ i shed and hearing other speakers talk is that there is a
nmore inherent understanding in the Asian culture of what the
G tract is and that, in fact, bacteria are associated with
it. | would say that in the U S if you asked people if
there are bacteria in their intestinal tract they would
probably say no. | don't think people are aware of that
here. so there is nore of an inherent understanding.

Now, in ternms of marketing of the Japanese
products, if you get FOSHU status there is a synbol -- |
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don't have a picture of it here but it is cartoon al nost of

a person junping for joy and that is the FOSHU synbol. So,
even if you don't say any of your clainms, you are |legally

allowed to put that synbol on that product and maybe that

communi cates to the consuner as well.

Plus, with the Yakult |adies, for exanple, there
is an awful ot that goes on just face to face. They do
super mar ket denonstrations for exanple where they are
provi ding the product and giving people face to face
information about that. But, from what | understand,
woul d say there is a much greater inherent sense of G tract
health and the role of mcroflora in the Asian culture than
there is here. \Wat you have in Europe is that they like
their dairy fernented products there, and we have been very
slow to copy that. So, | think that is what their basis is.
They are very trusting of fermented dairy products.

DR BENEDICT: Dr. Russell, did you have anot her
question?

DR RUSSELL: Sort of a trivial thing just for
Naom. M source is NPR --

[ Laught er]

-- but they had a bit report on antibacteri al
measures in Japan in the general popul ace, and the
anti bacterial soaps, and gloves, and everything you can
think of is much nore advanced in Japan than it is here.
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So, | don't think it is fear of bacteria necessarily, but I

do think the know edge of G ecology and so forth is much
more advanced in Japan.

DR FUKAGAWA:  This is probably off the record,
but | haven't inherited those genes and | don't know about
all this.

DR BENEDICT:  On that note, why don't we break
for the long-awaited |unch. It is now 11:47 and we will
reconvene pronptly at one o'clock. Thank you.

[Wiereupon, at 11:47 a.m, the proceedi ngs were

recessed, to be reconvened at 1:05 p.m1
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AFTERNOON SESSION
[1:05p.m]
DR BENEDICT: W are going to resume and we wil |
here fromDr. Daniel O Sullivan, who will talk to us about
source organi sms and net hods of anal ysis. Pl ease introduce
yourself a little more fully.
Source Organisns and Methods of Analysis
DR. O SULLIVAN. | amessentially a nol ecul ar
m crobiologist. So, that is essentially the viewoint from
which | will be talking to you today.
[ Slide]
The areas which I was asked to tal k about include
;source organi snms, nethods of analysis, genetic drift and
istrain purity. Essentially this is how !l am going to break
it down. | amgoing to give a short overview, and here |
was asked to nention sonme issues, overriding issues; then
tal k about source organisns and selection of strains. \ere
do these things cone from and what criteria are used to
select then? And then, talk a bit about methods of

anal ysis, the methods which we have for analyzing these

‘probiotic bacteria, and then talk a bit about genetic drift

-- what is it and how it inpacts probiotic cultures; gand
then some issues finally on strain purity and safety issues.
[Slide]
So, first of all I wll do a short overview Here
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| have just summarized some of the definitions. W all know

}~mhat probiotics essentially are and, as we heard this

‘mnrning fromDr. Archer, it is a live mcrobial feed

\
|

suppl ement so it beneficially affects the host's intestinal

im crobi al bal ance.

| A prebiotic is defined as a non-digestible dietary

1
| f ood which essentially targets particular genera in the
\

actual intestine. So, you are selectively feeding what is
‘dhere

Synbiotics is essentially when you conbine a
probiotic and a prebiotic. As you might know, it is known a
nunber of Dbifidobacteria can actually utilize
ol i gosaccharide, which is non-digestible and very few other
organi sms can actually do it. So that gives thema
sel ective advantage.

[Slide]

Mary Ellen did a good job this norning and told us
all about the potential health benefits, which is good
‘because | don't have to go through all the different health
‘benefits. There is a whole |ot of potential ones. Now, if
there are so many potential health benefits, how conme not
everyone is fully agreeable on the benefits of all of these
1probi otics?

[Slide]

This is a statenment that Gerald Tannock, who is a
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 meII-knomn probiotic researcher from New Zeal and, nade in a

1

|+ ecent book on probiotics. He said, since even sone

| scientists treat the probi otics concept with skepticism how
can the average consuner hope to conprehend the significance
of aci dophilus or bifidus?

Essentially, a lot of the scientific people
looking at the studieg, the clinical studies which are done
are not fully convinced, and there is a nunber of reasons
for that. And, sone of the reasons would be a | ot of
.studies may not be very rigid or stringent. They may not
thave sufficient controls. Sone are nuch better than others.

Anot her reason that is being appreciated nore and
nore nowadays is a disregard of the actual species or
strain, in sone cases not even paying attention to what
species are being used. So, that is inconsistency in
procedure and you are never going to reproduce an experiment
that way.

Then, thirdly, another possibility is the
avail abl e cultures which are used may be not all that great

| after all. So, there is a nunber of different possibilities
‘why everything is not fully accepted.
[Slide]
So, let's look at that probiotic concept. The
.concept of probiotics, as we have heard, is not brand new.
'The term nol ogy mght be quite new but the concept has been
s Bin Sireet, SE
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around for approxinmately a hundred years, and we heard this

norning that at the turn of the century we had Metchni kov, a
Nobel prize winner, essentially promoting the use of
lactobacilli cultures, fermented dairy products, and Tissier
pronoting the ingestion of bifidobacteria.

So, essentially the concept has been around for a
long time, and the concept is theoretically solid. you
essentially have mcroflora in the intestine, a |ot of them
nore than cells in a person's own body. So, the bal ance
bet ween good and bad is always a very valid bal ance and,
therefore, the concept is theoretically solid, and no one
over the last hundred years can argue very rationally about
t he whol e concept being totally wong. So, the concept is
solid. However, experinmentally it is weak when it is done
out in practice. That is essentially getting into how do
you actually apply this concept.

[Slide]

So, what is essentially needed is scientific
validation, and scientific validation cones experinentally.

And one of the nmain reasons, and one of the main features

‘that has to be done is to get a better understanding of what

features a probiotic organismshould have to elicit a
particular effect.
[Slide]
So, now let's | ook at some source organi Sms.  From
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a fewtalks this morning W g&t a |ot nore detail as to what

type of species are being sold these days commercially as
probiotic organisns. | have separated two groups here. At
the top | have Bifidobacterium and Lactobacillus. So, sone
menbers of the genus Bifidobacterium and other nmenbers of

t he genus Lactobacillus have been sold as probiotics. Based
on all the scientific rationale, these probably should stand
out because that essentially is where the scientific

rational should point.

There are other organisns as well. Bifidobacterium
has a strong rationale because it is one of the dom nant
organisnms in the large intestine and Lactobacillus is very
wel | suited, and dom nant and healthy in small intestines.
so, one piece of wisdomis that Bifidobacteriumfor the
| arge intestine and Lactobacillus for the small intestine.

Now there are many other general being used
commercially as probiotic organisns and these are just sone
of them here, which include genera |ike Bacillus. Baci | | us
essentially is generally not found in the human intestine,
so why is it being used as a probiotic? Enterococcus and
propionic bacteria are found. The yeast has been used as
well, even E. coli and others as well.

A study that was done in Europe was |ooking at
commercial preparations of Bacillus, and these essentially
were Bacillus sutilis bacteria for use in probiotics. These

s Gih Sireet, SE

Washi ngt on, D. C. 20003- 2802
(202) 546-6666




599

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

127
researchers isolated the actual commercial sources, and they

characterized themin depth using nol ecular analysis, gand
what they found was that neither one of themwas Bacillus
sutilis. One of themwas Bacillus punulis, which was fairly
related to sutilis but not sutilis, and another one was
actual Iy al kal ophi | us. It was an organi smthat was suited
to alkaline environnents, which essentially is totally the
opposite froma human intestine.

So, then they came up with an interesting
question, can any non-pathogenic gram positive m croorgani sm
serve as a probiotic agent? So, that is the concept that
essentially has to be |ooked at as well in terns of what is
a probiotic agent.

Wien you look at it in nore detail you can see
that in terns of the intestinal population is conprom sed
after antibiotic treatnment or other treatnents where
basically it is not back to normal, then possibly putting
any non-pat hogeni ¢ agent there in high nunbers m ght
essentially help out. The rational behind Bacillus is
because you use spoors and the spoors can wthstand the
actual gastric transit, and also possibly they produce
i nhibitory substances.

However, when you look in nore detail, clearly
froman ecol ogical point of view, if an organismis going to
have an inpact then the nore suited it is to that particular
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environnent the nmore-inpact it is going to have.

[Slide]

Now let's | ook at where these things come from
First of all we will look traditionally. Traditionally,
whi ch essentially extends up to today in many incidents,
what is required commercially is, okay, we want
bi fidobacteria;, we want a particular Lactobacillus and
essentially there is no listed criteria that those
particular organisms should have. That is why the sources,
as we heard this norning, essentially are nultiple or any
sources. They cone fromaninmals; they cone fromfoods; the
environnent; culture collections. There is no, or there
used not to be any regard to where these things should cone
from

Recent understanding of where things are today is
that an organismthat is going to'be suited to a particular
speci es generally nust have evolved in that particul ar
species. Therefore, the accepted rationale today as regards
source is that a human probiotic, if it is going to be
suited to the human intestine, pust have originated there
>riginally. And, also the same for animals. We do know
-here are a |lot probiotics today essentially for human used
chat have not originated in humans and, therefore, may not
oe very suitable.

[Slide]
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) 1 So, these essentially are practical considerations
5*%% 2 | for selecting strains, and these are very inportant. But
3 Jtraditionally these were the only considerations which were
4 }Hused. One is the ability to grow high nunbers in vitro.
5 }You must be able to culture it. They nust survive in the
6 ‘<delivery food, and nust have neutral of positive attributes
7 f{to the food. These are all very practical, very inportant,
a [fiout these are not the only ones.
9 [ Slide]
10 What is also being realized is that there are
11 J considerations for efficacy. W heard a bit this norning
12 {f about acid and bile tolerance. | just want to spend maybe
fg% 13 ffhalf a mnute tal king about this. | have listed here
v‘ 14 il tol erance rather than resistance because there is a very
15 [ distinct difference. If something is resistant to it, then
16 ||l it has a mechanismthat is there all the time. Tolerance is

17 fiwhen you turn on an inducible stress response.

18 Now, if you |look at biology and these organi sms

19 {frwhere they live naturally, and just take the large intestine
20 |fl for exanple, that is essentially a neutral pH environnent

21 #i'largely. So, if that is the case, then these organisns will

[

22 |llnot evolve a resistance naturally. So, why select for an
23 flcorganismthat is fully resistant when tolerance is all that

24 fIl:-i1 s needed?

25 Now, the general screen that is used for acid, for
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fexanple, is just to get a culture, put it straight, say,
;into pH 3 or lower and test to see how long it can | ast
tthere. Now, that is a test primarily for resistance rather

[
Pthan tolerance. For a probiotic organism all you want it

wto do is to survive the transit so what is probably nore
relevant is tolerance. So, a lot of good candidates are
actually thrown out.

W were screening a lot of bifidobacteria in ny
lab, and that is essentially what we found. You get some
;strains which have evolved in the large intestine, dunp them
into pr 3 and you whack them down 6, 7 or 8 | ogs. Now, if
'you would turn on their inducible stress responses by
joriming possibly by a | ow acid which is sub-lethal, then
essentially they are able to tolerate it. So, that is a
rationale that needs to get out there, essentially, what is
it you need -- resistance or tolerance? So, a |ot of
candi date organisns are often discarded because they weren't
actually resistant and really you don't need resistance;
‘what you need tolerance.

Simlarly with bile. An organism when it comes
in Contact with bile, has gone through the stomach first.
So, it is already being stressed. So, its stress responses
‘have already been turned on. W know from bi ol ogi ca
;systens, and we know fromlactic acid bacteria that there is

(cross-protection in stresses. So, essentially, already

M LLER REPORTI NG COWPANY, | NC.
735 8th Street, S E.
Washi ngton, D.C. 20003-2802
(202) 546-6666




599

[EEEN

NS

=N

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

; 131
 havi ng been prined fromthe stomach, an organismthen is
[better able to tolerate bile. You really don't need bile

‘resistance when its natural habitat, for exanple, mght be

| the large intestine.

So, essentially the difference between resistance
and tolerance is a necessary prerequisite, and this then
suggests that basically you need pretreatnent of organisns
tbefore they are actually ingested.

Anot her condition, for exanple will be beta-

«gal act osi dase activity and this is very specialized if the
actual prebiotic health thing you want to get out is
i nproving | actose nmal -di gestive synptons.

Anot her thing we had a bit about this norning is
adher ence. It is definitely an accepted fact if you | ook at
m crobial ecology that essentially to conpete well and to
survive long-termin a particular habitat, essentially one

[with flux Iike the intestine you need to be able to adhere
;to t he avail abl e attachment sites. So, that is very

| I nportant criteria, however, in practice, as we heard this

imorning as well, we do not have a conplete assay for that.
1WWhat is generally used essentially is cell lines, generally
'CAC02 or HD29. These are just two different cell |ines,

vwhich are single cells, essentially which cane fromtwo
(di fferent individuals.
The concl usions which are drawn fromthem are
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fsonetines much, much bigger than what they are. |f an
f organism adheres to that, okay, then it has a potential for
f.adhering at least to some cells. |f it doesn't adhere to
Jl;it, you really can't draw conclusions. So, there are very
limted tests, and the only danger in themis that the wong
«conclusions are drawn fromthem Even if they do adhere to
ithem it is totally different than what the in vivo
Situation would be where it has to conpete agai nst other
corganisns as well. So, the only real adherence test is
¢essentially human feeding studies.

Finally, a very inportant one is essentially niche
fitness. This is an ecological termthat takes into account
all the particular characteristics an organi sm needs to
.conpete successfully in a particular ecosystem and that is
.one where information is only beginning to becone avail abl e
:NOW,

[Slide]

Essentially, if you |look at other ecol ogical
l:systens, you nust aggressively colonize it to conpete. It
thust conpete for nutrients and conpete against conpetitors.
{30, essentially it is a bacterial conpetition system

[Slide]

When we | ook at bacterial conpetition in the
Jlactic acid bacteria, we sonetines get fairly narrow and we
-just look at essentially antimcrobial product. That is one
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of the reasons why lactic acid bacteria have been chosen,

because they do produce acids, for exanple, organic acids
and they are antimcrobial and that probably is beneficial.
They al so possibly introduce bacteriocins. pegple are
getting very excited about these now, and these probably do
have an inpact, although not yet proven, in the conposition
in ecological situations.

[Slide]

However, the other area which is equally
important, if not nmore so, is conpeting for available
nutrients. How suited is an organismfor that particular
environment? These can be broken down into carbon/nitrogen,
the essential food supplies, plus the other one which is
probably nore inmportant froma conpetitive point of view,
and that is netals or available cofactors. W talk about
that in mcrobial ecology and we normally tal k about
essentially iron. W do that when we tal k about ecosystens
t hat generally have neutral pH because in nany cases the
iron is bio unavailable and, therefore, it is a limting
factor for growth, and it has been shown in other systens
that essentially it is a major conpetitive factor.

[Slide]

So, we know it is an essentially requirement for
growth, and the only cells on which there is data would
suggest that there is no requirement for iron is
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Lactobacillus plantarum  That is a 1983 study.

Essentially, it is proposed that lactobacilli may be one of
the few known organi sns that have evol ved ot her cofactors,
other than iron. So, iron, essentially, is knowm as a

gl obal el ement for conposition.

So, when | say natural habitats, generally | point
to the neutral pH habitats that is the basic chemstry of
iron, that it is very insoluble at neutral pH's. |t js very
soluble at acid pH's but at neutral pH’s it is very
i nsoluble and that is why organi sms have evol ved systens to
actively seek out enough iron to grow.

[Slide]

Quickly, let's look at iron uptake. Normally you
have two systens. You have a low affinity system and that
is a system that organisns use when iron is plentiful. If
you have a cell there and you have iron just outside your
door, outside your nenmbrane, all you need is a valve system
to control iron when you want it.

Then you have the high affinity system The hjgh
affinity systemis a systemthat is evolved in an
envi ronnent that is insoluble. Then you have to send
sonet hing outside the cell to solubilize it and bring it
back to you. That is a high affinity system It is high
energy. An organismevolves it solely because it gives it a

conpetitive advantage.
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So, this is a systemthat basically we |ooked in
the large intestine for because the large intestine is a
neutral pH and iron is absorbed nornally in the small
i ntestine. So, essentially, is this a conpetitive factor?
|s this a feature that we should be I ooking at?

[ Slide]

If we | ook at bifidobacteria as an organi smthat
we are looking for a probiotic, you know it can conpete

successfully in the large intestine because it can be

.dom nant there, and then the question is, do they express

this high affinity systen? If they do, then essentially
t hey have evolved it because it is of use to them

The literature is not very supportive on this
because when you | ook at the study that has been done, it
suggests that it does not have this particular system So,
then that woul d suggest that iron nust be plenty
bi oavailable in that environment. But then when you | ook at
sone feeding studies, it seens to contradict that.

Here are infants fed iron fortified mlk conpared
to ones that were not iron fortified and then [ ook at E
coli-bifidobacteria ratios, essentially when you supply iron
you get nore E. coli. This is just that nore iron is
getting into the large intestine and taking away that
conpetitive effect. So, this would suggest that

bi fi dobacteria can naturally out-conpete E. coli for iron
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[ de]

So, we actually denonstrated that by essentially
| ooki ng at sone isolates of bifidobacteria in the |arge
intestine, asking the question in low iron conditions can
t hey produce a conpound which can inhibit other conpetitors
for iron? You can see E. coli here. You can see a clearing
here, and this clearing is bifidobacteria had produced this
particul ar conpound but iron essentially negates that,
indicating that this is an iron-dependent system \W have
shown that bifidobacteria can conpete with clostridia as
well, Cdostridiumdifficile and Costridium perfringens,
anot her selection feature that possibly should be
consi der ed. | amgoing to bring this up again in a while
when | tal k about genetic drift and what can happen in
genetic drift.

[ Slide]

Before we get there we wll talk about some of the
methods of analysis, as | was asked to tal k about these,
and, therefore, what are the nmethods of analysis which are
pertinent to this field? Probably the nost inportant one is
i dentification, accurate speciation. That is where a |lot of
inconsistency is present in the field. There are organisms
being called species; they are actually another species.

We heard this norning that culture conpani es m ght
get an organism from ATTC and nmany of those actually have

s Bin Street, S.E

Washi ngt on, D. C. 20003- 2802
(202) 546-6666




599

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

137

their own species, and | know sonme of them are even the
wrong genera when you actually characterize them because the
systens that were used when they were put there were not
taki ng advantage of what tools are available now. go this
is definitely one of the nore inportant ones.

Traditionally, all that essentially was really
avai | abl e was norphol ogy -- what they | ooked at, and what
bi ochemi cal characteristics they had. These are very, very
i nportant but essentially they are quite anbiguous and a | ot
of msclassification can occur if we rely solely on them

Now we have the advantage of nol ecul ar speciation
and mol ecul ar speciation, in combination with this, gives a
much nore clear or definitive picture in classification
since it is |less anbiguous.

[ Slide]

Now let's go to nolecul ar speciation and what is
it. Essentially, it is picking out a piece of the nucleic
acid and doi ng a sequence analysis on that, and then seeing
which ones are closer together than the others. so, you
can't just pick out any one, and the piece you pick you call
a phyl ogenetic nolecule.

[ Slide]

These are the three criteria that a phylogenetic
mol ecul e needs to have. It needs to be universally present
because you have to be able to conpare it to all organisns
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and, this is very practical, you nust be able to get it into
sour hands.  Essentially, nowadays that means you nust
iniversally conserve the DNA regions to allow you to use the
cechnique PCR to pull it out. Then, they nust be highly
conserved. This is also inportant for the reliability of a
marker.  Essentially what that nmeans is that a piece of the
DNA does not accept mnutations as quickly as others. So,
there are some regions that are very conserved; sone regions
which are not.

[ Slide]

So, essentially the gold standard is utilizing the
16S ri bosomal RNA gene in bacteria. This is one of the nore
conserved regions in bacteria, if not the nost, and also it
I's universal, available, and these red arrows point to
uni versal ly conserved DNA regions which allow you to utilize
primers so you can just target this and anplify this out
very, very quickly and then do a sequence analysis of that,
and that is how we get our present classification systemfor
bacteri a.

However, in practice it is not perfect for al
genera because in sonme genera it is so well conserved that
it becomes very, very difficult to differentiate between
species, which are clearly different species based on
phenotypic analysis. So, when you are only talking about
one or two changes out of 1500 or 1600, then essentially it
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cones down to opening the door for m stakes to be nade.

So, to help classify and differentiate other
species, other phylogenetic nol ecul es are sought. In the
case of probiotics bifidobacteria is a case in point. It is
a very well conserved genera fromthe 16s point of view
So, then alternative marker which has been used in both
bifidobacteria and |lactobacilli classification is what we

call the ITS, which is the internal transcribed space or
region, if anyone is interested. It is essentially the
region between the two ribosomal genes here, the 16s and the
233. You are taking advantage of the conserved regions in
order to be able to anplify it.

[ SI i de]

So, yes, it is universally present. It is easily
obtainable, but that is probably where it falls down a bit,
that is, it is not highly conserved. In fact, studies
indicate it is one of the |east conserved regions, which
accunmul ates nutations a | ot nore faster. That makes it
very, very sensitive but possibly unreliable if, for
exanple, a particular isolate was tenporarily, for exanple,
for a long period. It would have accunul ated a | ot of
mut ati ons which would indicate that it m ght have changed or
evolved a lot different. Then you are actually getting an

I naccurate picture. But it has been used and, that aside,

It can essentially substantiate other speciation system
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[ de]

Finally, in order to address the highly conserved
problemwe cone up with the region of the reca gene whose
protein essentially has been established to be an excellent
phyl ogenetic system because it does have all the criteria
that are needed, including being highly conserved. Qutside
of the 16s it probably is one of the nost conserved regions.

[ Slide]

Al'so, the actual region that is between the
conserved DNA regions is actually small, which neans two
sequence reactions can give you the information rather than,
say, the approximately 12 that you need to cover the 16 to
16S, and it has the efficient differentiation to
differentiate between organisns.

[ Slide]

Then when you get your analysis you just draw a
tree like that, like a Bifidobacteriumtree that we were
working on. Essentially, then this would be, for exanple,
an isolate froman individual and that groups, for exanple,
Bi fidobacterium infantis. Sp, essentially you are able to
very quickly come up with an accurate nol ecul ar speci ati on.

[ Slide]

So, those are the identification tools to inprove
the ability to accurately find out what the species is.

Now, once you have that, then you are going to do feeding
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studies, or else you are going to do QC and you nust have

nmeans for reliably checking authenticity of a culture or for
essentially tracking through the intestine such that you can
get clinical data. For that, you need essentially DNA
fingerprinting techniques, which are reliable and have the
ability to differentiate at that sensitivity.

That is what we call tracking tools. The first
one | want to briefly go over is pulse-field gel
el ectrophoresis. This essentially mght be terned one of
the gold standard of prokaryotic DNA fingerprinting because
essentially you survey the whol e genone.

What you do, you get your culture and you isolate
out your genone. The technical problemis you have to do it
in a gel matrix such that you don't damage it; it is very
delicate. Then, you break it into relatively few pieces
wth rare restriction enzymnes. Then, you can separate these
| arge enzynmes on a gel system by pulsing a current at
various different angles around it, and then you get your
characteristics pattern or RFLP, as it can be call ed.
essentially. This is very characteristic.

Now, if se look at this system this systemis
used nowadays in many studies and for characterizing
strains, and it is probably one of the nore sensitive,
meaning it can differentiate at the strain level, not just
at the species level, and that is very, very inportant. A
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di sadvantage is that it is technically challenging. It

takes the best part of a week to actually do this because it
takes a long, long time to do this type of manipul ations.
So, it has excellent applications but, obviously, s not
applicable in all cases for quickly checking the
authenticity of strains.

(slidel

Anot her one which is very well worth tal ki ng about
because it has been used nore and nore, and the reason why
I's because it has now been automated, and that is
ribotyping. Ribotyping -- essentially you get your culture,
you put it in the machine, conme out eight hours later and
you actually have a fingerprint. That is why it is gaining
nore and nore popularity in comercial situations since you
don't have to think about the science of it. Byt
essentially all that is happening is it is purifying the
DNA. It is restricting it, and then it is running out al
the actual fragnents, which are many, many, so it is like a
smear.  Then, it is hybridizing themwith a probe to the
ribosomal RNA, generally to the 165. As there are generally
multiple copies of the ribosomal RNA between 1 and 8, say,
in different bacteria, any tinme where you have a copy you
w Il actually get a light up. This general ly is
reproduci bl e, however, the danger is that ribotyping is not
very sensitive, and basically it differs between different
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genera. Wth sone genera it is nuch nore sensitive than

with other genera. In sone genera it doesn't even
differentiate at the species |evel because you are only
surveying a small part of the genome and, therefore, your
sensitivity goes way, way down and, therefore, the danger
here is that many people are doing what they are calling

mol ecul ar identification by doing ribotyping, and then
running it against a database and there is no database for
ribotyping, and then coming up with an identification. That
is where the danger lies because it is good for tracking
things but not very good for relying on identification.

[ Slide]

Then you go into PCR which is very, very quick
technically feasible, and you can do this all within a day
and you don't even have to culture something. So, it has
many, hany uses as regards checking authenticity of cultures
on a regular basis.

For exanple, nultiplex PCR where you target two
specific regions on a genome, and then you actually get two
bands which essentially is |ike double probing all at once,
and this really is quite reliable. The difficulty is comng
up with these particular systems to work very well. So,
this takes a ot of R& to get multiplex working, but where
it is applicable it is a pretty good and reliable system

[ Slide]
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There are other PCR approaches, which is worth

nmentioning because it is so approachable. Another one, for
exanple, is targeting a unique region. So, you have a whole
bunch of ' unknown col oni es here and you want to determ ne

whi ch one of themis your particular probiotic organism
Vell, by just taking a piece of the colony you can

essentially target to 16s ribosomal RNA gene and then you

can run that out in the gel. So, this can be done in a

coupl e of hours essentially, and then you have a 16s

ri bosomal RNA gene. But then if you restrict it with an

enzyne, then you break it up based on its sequence, and here
essentially you will see a tree because it separates quite
wel |, and then you run that out in a gel and you get your
RFLP, your pattern. This essentially is a good way of doing

a fingerprint,

Again, it should be noted we are targeting a very

smal | region of the genone so sensitivity is |ow.

‘Therefore, it cannot differentiate too well at the strain

level. So, it is only applicable where what you are

.actually using is sufficiently different from what actually

is there

When you tal k about a lot of commercial isolates

.as they cone fromsources |like animals, they are often very,
very different than the human ones. So, when we were doing

:a conmmercial feeding study we were able to utilize this |ow
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sensitivity technique because the actual strain, as j

turned out, was an animalis strain and that particular
strain was not even renotely |ike anything that is already
there, therefore, this will be sufficient for
differentiating.

[Slidel

Finally, we look at arbitrary primng PCR, and
that is essentially where you survey the whole genone. Here
you get into strain sensitivity once again where,
essentially you have one particular priner which arbitrarily
sits on a region that happens to have honol ogy too, or just
enough honol ogy to stick on a piece of DNA here, and if they
are arranged fairly near each other you will actually get
bands. So, this is a fingerprinting technology that was
started ten years ago and had trenendous hype at the tine
but then quickly, basically, it fell away because the
problemis that it is not very reliable. |f you try to do
this the next day, say this priner, here, was barely
sticking on -- under these particular conditions you had
chosen it is barely sitting on there and that is resulting
in a band comi ng here, what about the next day? |f there
was a slight change in conditions, that band woul d not be
t here.

That is the main problemwth arbitrary primng.
However, when you apply the TAP principle to it, which
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essentially is a triplicate principle whereby you do a

reaction in triplicate and then you deliberately introduce
changes to it, like running at three different annealing
temperatures, you are putting in fairly significant changes
there and that allow you to recogni ze which bands are
reliable and which bands are not reliable. So then
essentially you have a triplicate gel, and you see that
t hese bands are reliable in that basically four degrees of
tenperature here the priners are staying on.

So, this increases reliability. [t maintains the
actual quickness, the feasibility of using it, and also the

sensitivity. It is strain sensitive and essentially rivals

pul se-field for differentiating at the strain |evel.

[ Slide]

This is just an exanple of what a gel would | ook
like in practice.

[ Slide]

Finally in tools, | just want to nmention in situ
tools. These are new tools which are coming out to allow
you to actually look at bacteria in the intestine wthout
culturing them Everything we have |earned about the
intestine up to recently conmes from just plating out sanples
and seeing what grows and then seeing what is there. Now
you can essentially separate bacterial cells directly from
fecal sanple, and you can isolate total DNA or total RNA
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and then you can target the ribosomal RNA using PCR  Then

you get an anplicon which is representative of all the
different organisms which are there, all within one
anmplicon

Then you can do different things with that. Yyou
can just sequence all the different ones by just cloning and
sequencing, and you can find out all the different bacteria
whi ch are there.

| n Europe they have done one of these studies, and
what they have found is that nost of the organisns that they
actually identified were previously unheard of. So,
essentially there is a large population in the intestine
t hat we know absol utely nothing about because we can't
culture them or we do not know the right conditions under
which to culture them

Anot her thing you can do, you can actually get a
snapshot using DGGE or density gradient gel electrophoresis.
This woul d be what your anplicon would look like if you ran
it out on a non-denaturing gel. Now, if you have an
increasing gradient of denaturing, which could be a chenica
or a tenperature, and then it would be TGGE, and you can
separate out all the different ribosomal RNA genes, and they
are based on their sequence, and then you would get a
pattern and each one of these bands represents different
species that actually are in the intestine. You can
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actually follow a particular species like this or you can

essentially get a snapshot of what the mcrobial population
is at a single time point in a particular individual.

So, this is essentially providing new |ight or new
tools in order to get a better understanding of what is
happeni ng there.

[ Slide]

Then finally FISH the fluorescence in situ
hybridization, and this is based on the principle that you
have now very sensitive fluorescence |abels that you can
attach to probes, and then you can essentially stick them
onto the bacteria directly in a fecal sanple. So, you have
non-specific probes, which are generally probes to the 16s
gene, ribosomal RNA, and then essentially will stick there
and light up that cell you see in an actual m croscope.

These studies have found that when you | ook under
the mcroscope, generally the counts mght be close to ten
times nore than what they woul d be when you are just using
total culturing conditions. So, the actual figures that
people are comng up with indicate that definitely nore than
half of the isolates in the intestine -- we have no idea
what they are, and possibly it mght be 90 percent.

Al so, you can get these probes based on the
vari abl e regions of the 16s genus or species specific
probes, and then you can actual track or get information-
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specific species.

So, that is quite technical. | hope | didn't bore
anyone with it, but these are essentially the tools which

are now available to essentially aid in these probiotic

anal yses.

[Slide]

Now | just want to quickly talk a bit about
genetic drift. This is very pertinent when we are talking

about taking organisns out of their particular environnent
and then putting themin another environnent and then asking
the question are they going to be exactly the same when you
put them back.

Cenetic drift -- it is the accunmulation of small
genetic changes which result in an altered phenotype. These
are small genetic changes, generally just nutations. This
nmorni ng sonmeone was aski ng about the danger of these gram-
positive organisns taking in large pieces of DNA. That is
genetic shift, when you actually physically take up genes.
That is a genetic shift. That also is a real possibility,
getting antibiotic-resistant genes, etc.

| just want to make a comment there as regards the
gram positive organisms. Sone gram positive organisns |ike
Streptococcus and Bacillus have been shown to be naturally
conpetent all the time and will take up naked DNA very

readily. However, the probiotic lactic acid bacteria -- no
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one yet has been able to find natural conpetence, and if

they had we would love it because it would be very easy to
work with them But, froman ecol ogical point of view
maybe that mght be better. Byt simlar to gramnegatives,
they do have the conjugation, the transduction, and
basically they induce transformation or other artificial
transformng abilities.

So what they are open to is genetic changes.
Essentially an organismw || undergo genetic changes, and
the big question is why. well, that is evolution. \wy is
evolution there? \Wen essentially climtes change, when

conditions change, well, then organisms nmust be in

{fsituations where they can actually change, mutations which

can be selective for that environment.

[ Slide]

That is when we cone to the rate of change is
very, very inportant. |f you put an organisminto a totally
foreign environnent where it is stressed, then the rate of
change goes up because biologically the defenses, the repair
nechanisms are brought down to the mnimum g5 jt wants to
change because essentially it wants to now adapt to the new
environment.  And, that is very, very inportant when we are

tal king about probiotics, particularly when we have | ooked

at bifidobacteria because bifidobacteria, in their natural

environment, are totally different to what happens when you
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take them out because then you are culturing it and it

produces these acidic and lactic acids and essentially is
getting under stress right away, and it not used to that.

That is where we essentially come to this nice
word attenuation. \Wen an organismis attenuated, it neans
it has lost or changed a particular feature. That is very,
very pertinent when it comes to biology. Use it or lose it.
That is very, very true. 1If.an organism doesn't need
something, especially if it is energetically costly to them
well, then it is going to be the first thing to go.

When | spoke about the high affinity iron uptake
systems, that is one of the first things that would actually
go because it is energetically costly for an organismto
produce these conpounds and send them out, have specific
receptors to take them up and process the whole thing. That
Is a very costly system for an organismto have and
generally you wll find it is one of the early things to go.

Just incidentally, when we were screening
commercial isolates for this versus isolates fresh out of
the intestine, we found a major difference. You won't find
this generally in comercial isolates, which indicates they
have been generally cultured outside the natural environnent
so things do change.

That essentially is one of the prine exanples.

Al'l the other exanples we do not know. W do not know what
M LLER REPORTI NG COWPANY, | NC
735 8th Street, S E.

Washington, D.C. 20003-2802
(202) 546-6666




S99

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

152
features an organi sm needs to have to essentially attach to

particular cells. And, does it produce something that is
specific for that, that is not needed when you bring it out
into a fermenter? So, these are very inportant things.

[Slide]

That is one of the things that need to be taken
into account in genetic drift. So, clearly, mnimm
culturing is inportant because you bring it outside of a
habitat that is very, very different than where you want it
to perform therefore, you nust not give it a chance to
evolve. You nust not give natural selection a chance to
make it suitable to the new habitat. Frequently, that is
what has been done in order to get sonething to grow better
in a fermenter and that m ght be counterproductive to what
is actually needed in_vivo.

Mmc in vivo conditions as close as possible.
That is alnost inpossible to do unless you realize what
things are inportant. For exanple, if maintaining iron
compatibility is inportant, well, then use chelators to get
the iron out of your culturing medi um

Very inmportant is dornmant storage, as soon as
possi bl e when they are isolated to be stored dormant. That
nmeans frozen or lyophilized such that no biol ogi cal changes
can occur. Traditionally in culture houses, nost of these
cultures are stored at four degrees, and then maybe
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transferred every nonth or so. \Wl|, changes occur because

it is not dormant and things change very fast. So, having
criteria for how these cultures are handled is extrenely
inportant if you don't want things to change.

[ Slide]

Finally, just a few words on strain purity and
safety issues. Cearly, you nmust know what organi sms you
are dealing with, and to be fair to the consuner when they
read a particular label, it should be accurate.

There was a study done recently |ooking at
bifidobacteria, |ooking at commercial isolates and then just
speciating them In many cases, it has found that organisns
in conmercial isolates are primarily Bifidobacterium
animalis and they nmay not be |abeled as that. A culture
house may just call them Bifidus or Bifidobacterium or
often just give a different species |ike Bifidobacterium
longum  This may be just inadvertent, based on inadvertent
classification, but essentially it is inportant that
cultures are identified correctly, otherwise nothing is
going to get consistent.

Therefore cultures, when they are handl ed properly
nust have good nmanufacturing practices, and you have to have
Q@ to look for viability. Basically, having 10® by the
manufacturer, is that any use to the consuner if they are
down to zero alnost by the time they eat it? So viability
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Is very inportant. And culture authenticity, and that is

where using accepted nol ecul ar fingerprinting techniques for
checking authenticity which can be done very fast and cost
effectively, wll be very inportant.

Finally, toxicity tests. W heard about safety
issues this norning, and this is very inportant when you are
dealing with good, effective colonizers. Wen you think
about it, a very good probiotic organism nust have a |ot of
the criteria that a good pat hogen woul d have as wel | .
Essentially pathogens nust have a |ot of good criteria
because they nust be able to conpete as well. So,
essentially when you are dealing with healthy individuals --
well, that is a different case, but you nust also |ook at
ot her segnents of the popul ation which may have probl ens
l'i ke advanced diabetes, or immune conprom se, etc. So,
toxicity tests which are beginning to be done nowadays are,
for exanple, getting mce which have no inmune system which
are germfree, totally susceptible to any bacteria at that
time and overload them And, that is the question
essentially, can it have any toxicity or any infection
problens. That is an area that essentially needs to be
addressed probably in the future.

[ Slide]

Finally conclusions, nolecular tools for
speciation and strain differentiation are now avail able for
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nore scientific analysis of clinical trials. |f the

analysis is scientific, using the sane strains and accepted
techni ques, then consistency will have to cone.

Know edge of the A ecology, which is essentially
growing, wll help understand what features of a probiotic
bacterium shoul d have. That should be essentially an
effective probiotic bacterium So, essentially these
criteria are just comng out.

A conpany shoul d adopt nodern nethods to confirm
strain authenticity. Then, followi ng isolation of a
bacterium fromits habitat, it should be cultured minimlly
prior to use as a probiotic if the intended use is to
conpete very well in that environment. Thanks.

DR BENEDI CT:  Thank you, Dr. O Sullivan. W will
hear first fromDr. Wagner and then open the floor for
questions at that tine.

Wiile Dr. Wagner is setting up, | want to allay
anyone's disconfort with the schedule. The functional
schedule is that Dr. O Sullivan was going to speak for 45
m nut es because we asked himto add some met hodol ogi cal
considerations into his talk, and he did so and we are
grateful. So, Dr. Wagner will speak for 30 minutes, until
around 2:15, 2:20, whatever. Then we will open the floor
for questions.

W will now hear from Dr. \Wagner, fromthe
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National Center for Toxicol ogical Research. He will talk to

us about mcrobial ecol ogy.
M crobi al Ecol ogy

DR, VWAG\ER: | am Doug Wagner. | am fromthe
FDA's National Center for Toxicological Research, where | am
a mcrobiol ogist.

[ Slide]

Before we can really understand the ecol ogy of
probiotics we have to understand, or get a better
under standi ng of the ecology of the gastrointestinal flora.

[ Slide]

As an exanple, in the colon there are at |east 400
species that can be cultured and identified of bacteria. In
fact, there are many nore species that are not cultivable
t hat have been observed by the genetic techniques that Dr.

O Sullivan has nentioned. Wthin the colon popul ation nost
of the bacteria are obligate anaerobes. These are organi sns
that generally m crobiology has not worked a ot with. The
science is not as fully advanced as with the nedical
bacteria which are mostly facultative anaerobes. g5 the
facul tative anaerobes |ike the enterobacteria and
enterococci really make up a small percentage of the

organi snms that can be found in the colon. The rest are

predom nantly bacteroides, bifidobacteria and eubacteri a,

and then sone of the other anaerobes as wel|.
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This is not thetypical picture for other parts of
the gastrointestinal system however. In fact, this data has
been derived from studies of fecal sanples which are really
not representative of other parts of the gastrointestinal
tract either.

[Slide]

To get an idea of how this works, let's see the
gastrointestinal tract as a big, long tube here. In the
center, if we take a cross-section anywhere along here there
is a lumen which contains food material, sloughed off host
cells and also a lot of bacterial cells.

Surrounding that is a nmucous layer, and it has
different characteristics, and its bacterial population can
be expected to be different as well. There are sloughed off
cells there, and there are nucous filanents, and the
bacteria have the ability to adhere to these elenents. So,
they can persist in this envirdnment |onger than they can in
the | unen.

Surrounding that then is the nonol ayer of
intestinal epithelial cells. These have on their surfaces
mcrovilli which are covered with nol ecul es such as
ol i gosaccharides that the bacteria can adhere to. On top of
that, the enterocytes grow up into villous structures, which
are not shown on this sinplified drawing, and those vill ous

structures, in fact, fold over thenselves.
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So, the surface area actually goes from what you

woul d expect froma linear tube to 400 times the surface

area that actually occurs in the intestine by the way it is

devel oped.

On top of that there are other m croenvironments,
such as crypts between villi, and the surfaces of some cells
are different., There are epithelial cells that are

specialized for various features and they have different
abilities to interact with the bacteria in the intestines.

If we look at the length of the intestines, the
bacterial concentration is not the sane throughout the
entire gut. Up around the stomach there are very |ow
nunbers of bacteria because of the high acidity. The upper
smal | intestine, only about 10* bacteria/nml, but when you
get down to the colon there are 10 bacteria/m. Up in the
oral pharynx there are 10® bacteria/nm, and a lot of that is
the dentition as well, and there are around 200 species of
bacteria that have been identified there. So, there are
differences in the population of the bacteria all the way
through the intestinal tract.

[ Slide]

To get a better idea of how these |arge diverse

popul ations devel op, we can | ook at the devel opnment of a
child frombirth and the devel opment of the enteric flora

wthin the intestines of that child. A fetus has a sterile
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gastrointestinal tract and at birth the child is exposed to

the nother's flora fromthe birth canal. The first
organi snms that can be identified in the feces of the child
after it is born are mainly facultative anaerobes such as
enterobacteria, especially streptococci. There are sone
obl i gat e anaerobes observed as wel |.

These are the founding organisns for this
ecosystem  They alter the environment. They produce
nol ecul es that are necessary for the colonization of other
organi sns, and they al so change the environnent by changing
the pH and increasing the anerobicity of the environment.

One thing | forgot to mention in the
gastrointestinal tract was that it beconmes nore anaerobic as
you go down the length of the tract. That is why there are
a lot nore obligate anaerobes in the colon than up higher in
the intestinal tract.

These organisns nmake it possible for the next
group of organisns to colonize in the intestinal tract. A
| ot of the same organisns stay around and nore are added.
W start to see lactobacilli and propionibacteria and the
bi fi dobacteri a. During breastfeeding bifidobacteria are
preferentially grown because the breast mlk contains the
fructo-oligosaccharides and other nutrients that are
specifically utilizable by these organisms. go these
organi snms al so change the environnent and the succession
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continues to a climx population which is larger in nunmber

of different kinds of organisns and has nore of the obligate
anaerobes. This then is around ten nonths, after the child
is starting to eat diverse groups of foods and there are

more Specific nutrients for these individual genera when we
see this large population. |t becomes relatively stable,
although it is a dynam c systemand even through adult life
it changes over tine.

[ Slide]

Probi otics are probably going to be applied to
infant fornmulas, and there may be good reasons for it as the
nmedi cal system changes. Under a nornal vaginal delivery, a
child gets colonized with his nother's flora, and then
during breastfeeding the child is nourished with specific
nutrients that are preferential for healthful bacteria in
the intestines, especially bifidobacteria which are really
the wonder bugs. They do a lot of things. They appear to
be very good at preventing pathogens from col oni zi ng, and
they produce vitamns B and folic acid, and a nunber of
ot her beneficial factors are known to occur.

When a child is born by cesarean section, he gets
some Of the nother's flora but he also gets a | ot of
bacterial contamnants fromthe environnent and this, of
course, occurs in a hospital environment where there are a
| ot of organisms that we really don't want to be col oni zed
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wth. So, it is possible that probiotics could be used in

this respect to assist in the colonization of infants that
have been delivered abdom nally.

Al so, formula feeding generally does not provide a
ot of the specific nutrients for bifidobacteria and other
organisms, and can also lead to the col oni zation by
uncharacterized bacteria.

[Slide]

So, devel opnental stage, of course, is a part of
the host that affects microbial ecology. The diet is
believed to have an effect on mcrobial ecology as well as
drugs, especially antibiotics. These do perturb the
mcrobial ecology. There are environnental factors that
have been noticed between people in the Third Wrld versus
people who live in our kind of environnent. Genetics and
t he host defenses are inportant in determ ning what kind of
organi snms are going to populate that |arge popul ation of
bacteria as well, and stress responses of the host can
actual ly change the popul ation dynamcs as well.

[Slide]

| was going to talk about nethods of analysis but
Dr. OSullivan did a very good job of it. | would just Ilike
to point out that really we | ook at analytical techniques in
two different veins, that is, one, we can |ook at individua
organisms, identify the species and the strains of the
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organi sms, and study their netabolites. W can eval uate

themin animal nodels. This helps us to understand what the
organi sms mght be doing in the intestinal population, but
as individuals we don't really see everything that occurs in
t he popul ati on.

In population studies, it is very difficult to
I sol ate 400 species of bacteria and identify each one, and
characterize them fully. It is nore useful, anyway, to | ook
at total effects of groups of bacteria, such as metabolic
markers.  For instance, the lactic acid bacteria that
produce a lot of lactic acid and other short-chain fatty
acids -- we can evaluate effects on those bacteria by drugs
or by the addition of probiotics to the comunity on how
they affect that group of bacteria.

The new technol ogy of DNA can be useful for
identifying bacteria wthin the popul ati on because a gene
shift can be made with probes for the specific DNA markers
of alot of different organisns, and they can all be
screened at once.

Continuous culture nodels are useful for studying
popul ations. It is very difficult to study all the
different ecosystens in the human intestines because we
really can't sanple much of the intestine, usually just the

fecal sanples. So, it is helpful to use aninmal nodels and

in vitro nmodels to study the enteric flora. W can al so
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| ook for effects on indicator species, whether they
di sappear or appear given a particular treatnment of the
flora. | amnot going to talk about the techniques since
Dr. O Sullivan already mentioned them

[Slide]

He also talked a | ot about strain purity and
genetic drift. | just want to point out that right now the

taxonony is undergoing a |lot of change as we go from
identifying these organisnms by conventional techniques to
the genetic nethods that are now in general used to identify
organisms. So, there have been a lot of changes in the
nomencl ature of the bacteria.

Al'so, it has already been nentioned that there has
been sone controversy about the host sources of a lot of the
bacteria and whether they really came from human sources or
animal sources, and this is believed to be an issue.

In the gastrointestinal tract there are 10*
bacteria and it has been calculated that there are 10°
nmut ati ons per every 20-minute division of those bacteria.
This allows for a lot of adaptability by the
gastrointestinal flora.

This idea can also be applied to large cultures of
bacteria that are used for making probiotics. There are
nmut ations that occur in those popul ations of bacteria as
well. So, over tinme a starter culture, a fernentation
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cul ture can change because of nutational events.

In probiotics, if there are any transferable gene
cassettes that contain virulence factors or antibiotic
resi stance narkers, these night be transferred to sone of
the bacteria within the host's intestinal flora and, thus,
the probiotic could be introducing a real problemto the
enteric flora as well.

[ Slide]

So, how do the enteric flora and al so probiotics
protect hosts frominfection by pathogens? |t nas been
bel i eved that adhesion is very inportant, and we have tal ked
a lot about adhesion. |n bacterial pathogenesis adhesion is
the first step to invasion of a host cell by bacteria. So,
adhesi on may not necessarily be a good thing because the
opportunistic pathogens would start their process of
oathogenicity by that technique as well by adhesion.

Anot her of the issues is conpetition for
nutrients. Dr. O Sullivan tal ked about the conpetition for
iron and other mcronutrient. Eyen though the
gastrointestinal tract is a nutrient-rich environnent,
nicronutrients are in short supply and the organisns that
~ompete the best for those have a niche and stay present.

In fact, the reason the flora maintains itself as well as it
does, given all the challenges it has, is because each
organismthat is in there somehow has its own specific
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niche, either provided by other organisms or by its own

specific capabilities.

Bacteria can produce antim crobial substances,
such as bacteriocins and other things that can prevent
pathogens from growing. They also nodify their
environnent. They change the pH. They tend to |ower the pH
and lower pg is a difficult environnent for a ot of
pat hogens. They also are known to inrnunonodul ate the host.
So there is an idea that there is a primng of the host
I mmune system by the enteric bacteria that nmake the inmunity

nmore rapid and a better response agai nst pathogens.

[Slide]
To illustrate how probiotics can work against an
i nvadi ng pathogen, | did sonme experiments with

i mtnunodeficient mice that had both the bejge and the nude
defects, which nakes them i munodeficient in both innate and
acquired imunity. These mice, as germfree nice, when they
are colonized with candida al bi cans, which is a pathogenic
fungus -- 75 percent of the mice show evidence of

di ssem nation of the fungus fromthe gastrointestinal tract
into the internal organs which are generally sterile.

When the mce are colonized first wwth a probiotic
organi sm and then challenged with the candida al bicans there
I's a marked reduction in the ability of the Candida to
di ssem nate even in these very imunodeficient animals. In
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heterozygous mwhech are less inmunodeficient, the

change is not as striking but it is in these aninals.
[Slide]
O course, immunodeficient animals brings up the

issue of safety concerns. |t is not so nuch a problemwith

the probiotics that are used for humans, but if a probiotic
m xture contains occult pathogens, that can be a problem

but there could be opportunistic pathogens. For instance, a

| ot of the probiotic preparations do have enterococci, and

enterococci are growng in our concern for opportunistic

pathogenesis. W don't know how nuch probiotics can really

| upset the mcrobial population balance. There have not been

ia | ot of studies on this issue and nore need to be done.

We are concerned about the transfer of virulence

Jdeterm nants and antibiotic resistance. ne of the issues

Iwith the enterococci, of course, is that some strains of
enterococci carry antibiotic resistance markers on

| conj ugated transposons. These are |ike pathogenicity

I slands or transferable cassettes that can be noved from one

jorganism to another. |n vitro it has been shown that

enterococci can transfer vancomycin resistance, for

jinstance, to other grampositive organisns, such as Listeria
and Staphyl ococcus aureus.

| mmunodefi ci ency of the host is a concern. W

fdon't have a lot of information, although there have been
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i mmunodeficient people using prabiotics that are available

right now and have not reported a |lot of cases of
i nfections.

W need to be also concerned about genetically
engi neered bacteria, if they are engineered to treat a
specific condition the organisnms are not transferred to
heal t hy individual s because the product of the engineered
bacteria, being a biological product, may be harnful to
normal hosts.

[ Slide]

Wth our imunodeficient mce, we wanted to find
out if any of these bacteria had any potential to be harnfu
to mce right after they are born and as they grow. So
mce that were born to mce that were germfree mce that
were then associated with these different organisnms were
allowed to grow up to 4-8 weeks of age or 8-12 weeks of age
where we evaluated their survival. For instance, with
Lactobacillus reuteri there were 79 percent survivors out of
the 28 mce that were born. Wth Lactobacillus GG -- the
name has changed, but there were 64 percent that survived
out of the 53 mce that were born.

So, wth these two organisns there was a little
Ibit of infant nortality and we need to be a little concerned
about this. Interestingly, in vitro experiments and al so
other experinents, | noticed that these organisns were nore
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adherent to epithelial cells than the aci dophilus or the

bi fi dobacteria. So, there is a case where there may be a
l'i nk between adherence and the capacity to be pathogenic.

[ Slide]

So, to summarize all this then, we need to know
whet her the probiotic is going to be dietary supplenent or a
drug. That is going to determne howit is going to be
regul at ed.

The manufacturers are going to have to make sure
that the products don't contain what we know to be
opportunistic pathogens. W are going to be always one step
behind, | think, not knowi ng what the next new opportunist
is going to be. There are always up and coming new
pat hogens out there.

W want to avoid though having organisnms that are
carrying transferable elenents for virulence or antibiotic
resistance, and we also want to be very careful about
genetically nodified organisns.

That is all | have.

DR BENEDI CT:  Thank you very nuch. So, nowif we
coul d ask both of our previous speakers, Dr. O Sullivan and
Dr. Wagner to migrate close to the mcrophones, we can --

DR HOTCHKI SS:  Col oni ze the nicrophones.

DR BENEDI CT:  Col oni ze the mi crophones.  Thank

you, Dr. Hotckiss, | like that. W can begin to pepper you
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wi th questions.
Questions and Answers
DR FUKAGAWA: Dr. Wagner, just a pointof
clarification, in your slide with the candidiasis and the

het erozygous mice who received the Lactobacillus casei had
26 percent dissenination. Everything else was about zero.
What is the significance of that?

DR WAGNER: It is statistically significant. You
know, there was still sone dissem nation with the Candida
even in the presence of the Bifidobacterium [t wasn't
protecting as well as the |actobacilli.

DR BENEDICT:  Yes, Dr. Cohen?

DR COHEN:  There have been a number of studies
| ooki ng at people who get |ow white cells during
chenmot herapy to try to look at interventions, ppst of which
have been giving them various kinds of antibiotics, putting
themin protected environments, and such. Are you or
anybody aware of any studies where people have actually
tried to prevent bacterial or fungal infections by using
probiotics in this popul ation?

DR WAGNER  What population? | amsorry.

DR. COHEN:  This woul d be people who woul d be
under goi ng chenot herapy for hematol ogi ¢ nalignancies or bone

marrow transplant, or something like that. Particularly

since these products have been so widely used in Europe, |
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was curious as to whether or not in any of these trials

anyone has ever tried to prevent infections in those
popul ations by using these agents.

DR WAGNER: | don't know of any studies where
they have done that.

DR RUSSELL: | was wondering, these tracking
systens that you have described, are they used also in
pi cking up bacteria once they have been fed to an individual
to see if they are in the stool? | other words, rather
than culturing the stool to see whether or not that organi sm
is present, are you using fingerprint techniques on the

stool to see if those organisns that were fed actually
appeared in the stool?

DR O SULLIVAN.  You nmean non-cul turing
t echni ques?

DR RUSSELL: Non-culture techniques, sinply to

Look at whether or not the fed organismis com ng out
Lsithout cul turing.

|

[

DR O SULLIVAN:  Yes, using the in situ nethods,

{oeople are now doing that.  you can actually get probes

[which are strain specific. |f you have a strain specific

§>robe that can differentiate between the exogenous strain

T7ou are feeding fromthe natural flora that are actually

here, then essentially you can follow it using, for

| >xample, density gradient gel electrophoresis by just
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runni ng out the actual amplicon and then hybridizing. So,

yes, people are using that now for tracking.

DR RUSSELL: And the sensitivity of that as
conpared to culturing, for exanple, is nuch, nuch higher?

DR O SULLIVAN.  The sensitivity is higher if you
are using fluorescent probes. It is higher than culturing
because when you are culturing it nust be essentially quite
dom nant because you don't have sel ective nedia. If you are
using, for exanple bifidobacteria, nost reach very high
dom nance because you can only analyze so many col oni es.

So, it nust be very, very high. \Wen you are using culture-
i ndependent techniques the sensitivity is several |ogs

hi gher but | do not know -- 1 nmean it has not been fully
cal cul ated essentially because it has only been used by a
few | abs presently.

DR. RUSSELL: | was just theoretically wondering
whet her these techniques m ght be so sensitive that they
woul d pick up amounts of bacteria that were really there but
were insignificant. | don't know the answer. | was
wonderi ng whet her these techniques mght certainly be able
to show the appearance 'of bacteria that have been fed.

DR O SULLIVAN:  That is a good questi on.
Unfortunately, they are not that sensitive yet. But, if
that was the case, you can nmake these semi-quantitative by

doing dilutions. Then you can find out are you dealing with
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maybe ten or a trillion bacteria there, or are you dealing

w th, say, a thousand or a mllion

DR HOTCHKISS: A question for Dr. O Sullivan to
hel p me understand a couple of points that you nmade. As |
understand, you laid out at least four criteria that you
suggested were inportant to determne efficacy, at |east
fromthe mcrobial viewpoint not fromthe epidem ologic or
di sease but at least fromthe mcrobial, tol erance, beta-
gal act osi dase activity, adhesiveness and niche fitness.
‘Then, | got the inpression that when you went through those,
kind of your general conclusion was that in at |east some of
those, 1f not nost of those areas that you put out we really
don't have, or don't understand or haven't applied nodern
tools to understand each of those points. For exanple, for
adhesi veness you said we don't really have a test,

So, am| right in getting the inpression that at
| east fromthe viewpoint you have put out about efficacy
that we really haven't determned the efficacy very well?

DR O SULLIVAN:  That's correct. It is a very
conpl ex ecol ogi cal systemto study, adherence in any
ecol ogical system it is a multifaceted event and what
features are required; there are nultiple features required.
It is not really solved for any ecol ogical system The
human intestine is probably in its infancy as regards when
studying that particular feature.
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It would be nice if there was a whole |ist of
I . . .
VCrlterla ‘that essentially, when you add them all up, would
\

{ equal the optinum strain. |f that was the case, then we

| woul d have a lot of organisms that could conplete naturally
W th the resident flora.

The resident flora are not superbugs. They are
essentially bugs which have adapted to that, and they have
.adapted certain criteria.

The other thing is essentially getting a single
;strain froma single person and then having a single
inoculum as it were, to feed everyone. In the future, when
nmore and nore i s understood about the diversity of the
strains wth different types of intestinal conditions, the
l'ikelihood is that there will be multiple strains of a
single species being utilized in the probiotic culture such
that it would have a potential inpact on the greater
‘popul ation, or a greater percentage of the popul ation.

DR.  BENEDI CT: Dr. Hot chki ss?

DR HOTCHKI SS:  Just a quick follow up. Did I

| understand that either nost or the majority or the vast
11najority of organisns in the lower @ tract are really
runknown?

DR O SULLIVAN:  That is the very interesting
ithing which is comng out of these studies, especially when
‘you cl one the individual anplicons and sequence them The
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mpjority are essentially unknown, unclassified. That opens

t he question of when we have a handl e on what these are,
maybe there are a whol e bunch of other bacteria which
essentially should be used in conbination for effectiveness.

Wien you have an environnent that is popul ated
w th such a diverse amount of strains and species and
genera, maybe it is bit naive to think we just take one of
themthat essentially is going to obtain dom nance. They
all have evolved to interact wth each other, not in pure
culture, but essentially to interact with other strains.

So the likelihood is that they feed off of each
other. That is a very, very conplex thing to understand.
That is going to take many years, probably, of studying.
That is, hopefully, where the whole thing will get better.

DR. BENEDICT: Dr. Montville?

DR MONTVILLE: | just wanted to reenphasize that
poi nt because we forget sonetines that we only |ook at the
organisns that we can culture. |n nost ecosystems, where
they started using nol ecul ar ecol ogy, they find out that
about 90 percent of the inhabitants, we can't see or handl e
in a traditional sense.

DR BENEDICT: Let me just ask a methodol ogical --1
beg your pardon; Dr. Buchanan?

DR BUCHANAN. This is a question directed to Dr.

Wagner. We heard from several of the speakers this norning
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about the desirability of having human isol ates, whatever

that was. However, in your presentation, you have indicated
that the intestinal tract of the human is essentially
sterile at birth and that your human isolates are the
environnment that you are exposed to consequently.

Wul d you care to comment or follow up on this
recommendation earlier this norning that we use "human
isolates" as a criterion for what would be a good probiotic?

DR. WAGNER At birth, the infant gets the
nother’s flora and that is the closest flora, genetically
speaking, to being accommodated to that individual because
the child is genetically closely related to the nmother. So
it still shows that, perhaps, the host is still inportant.
W really don't have enough information yet to know whet her
organi sms that come from other sources can gain any kind of
advant age.

R ght now, probiotic organisns, a |ot of them
don't conme from human sources and they don't persist--they
don't conpete against the normal enteric flora. They
di sappear after you stop giving the probiotic. So the
question could be answered both ways. W think it is good
out we don't know how inportant it is.

DR BENEDICT: Dr. Sigman-Gant?

DR SI GVAN- GRANT: | am curious, Dr. \Wagner, when
you tal ked about the nutations and the rate of nutation that
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woul d occur, what kind of inplication mght that have to

changing the strain?

DR WAGNER:  The inplication is--| guess what | am
implying is that, in a fernentation environnment, the
organi sms that are being fermented coul d become nodified to
the point where they no |onger have the probiotic effect. |
think the manufacturers are going to have to test their
culture vats every so often and nake sure that their
organisns don't drift away from activity.

DR SIGVAN-GRANT:  Would that be in culturing it
as the nutations also occur within the G tract?

DR WAGNER  Mutations are occurring inthe GI.
tract all the time and, for the nmpbst part, we can observe
that they don’t have that negative of an inpact, the system

j‘being dynam ¢ and, of course, npbst nutations are detrinental
{alsa So it is not too often that one of the bacteria gains
}‘great advant age over the other organisns.

DR SI GVAN- GRANT: By nutating.

DR. WAGNER  Ri ght.

DR BENEDICT: Let me just followthat a little
‘bit. Don't you think that it is at |east possible that,
cover the lifetime of a human, the nutations will allow the
«organismto evolve to be al nost person-specific such that if
you take an organism fromme, it mght not be universally
beneficial to soneone else or at |east not universally
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col oni zing or sone other factor.

Perhaps, if either of you could coment on that,
how do you pick the person who is the prototypic host?
| DR WAGNER: That is a really good point and |
;think that is part of the problemwth trying to use a
probiotic to reconstitute someone's intestinal flora. The
{Hbest intestinal flora for themis their own or soneone

il

1*closely rel at ed.

1 DR OSULLIVAN | think that is a very good
comrent as well. W do not know, essentially, how specific
it is. Is this specific to every individual? O js it

based on age, race, sex, gender, ethnic original and,
obviously, diet as well has a bit effect. That is where a
| ot of studies need to be done because when you just put
your hand into a whole species and pull out one strain and
use it at as probiotic, it is like putting your hand down on
earth and pulling out five people and saying, "W have got a
‘basket bal | team here."
Essentially, you nmust know what criteria you are
| ooking for. | f you know what a basketball teamis made up
of, well, then, you know they nust be closing on seven feet
i‘and good athletes and things like that. And then
i.essentially, you have the nmakings of a good teamthere.
It is the same with probiotics. | f you know what
«criteria a successful colonizing strain has and,
s Bin Sireet, SE
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1essentially, if you know what things are inpacting it such

;as diet, age, and we do know, especially the work that
3RGeraId Tannock is doing in New Zeal and, that, generally, as
ja person gets into adult life, gets ol der, probably beyond
30, then, essentially, their flora is often nore stable.

From studi es that they have been doing, |ooking
 possibIe a year over an individual's flora, essentially his
own flora is very stable. He is up there now. And,
;essentially, t he younger people's flora was essentially nuch
{nore sensitive to changes.
| So, obviously, organisns do evolve over a person's
Hlifetine and therefore, those organisns are particular
suited to that environment. It is essentially unknown yet
‘pmhether it is all individually specific--if that was the
{.case, then, you nmust just go after your own probiotic.

But essentially it is not known yet how specific.

DR BENEDI CT: Dr. Fukagawa?

DR FUKAGAWA: My question was answered.

DR BENEDI CT: Dr. Buchanan?

DR. BUCHANAN.  The comments on not know ng
:necessarily what is in the mcroflora of a system brought a
question to mnd which was, of the discussions we have heard
this morning, we have talked primarily about probiotics for
which it is either nonocultures or a very limted nunber of
«cul tures.
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H storically, fernmented products were actually

mnade by back sl opping where you just took part of the [|ast
loatch and put it back in. But it does bring the question,
is one of the prerequisites that we will need to be | ooking
@at in terns of probiotics is that it be a defined culture,
or a limted nunber of defined cultures, in order to be able
izo achieve the quality assurance and quantity control that
wou are both discussing in ternms of the products that are
:avail able in the marketplace both in terns of safety and
efficacy.

DR. O SULLI VAN: | definitely think you have to
‘have defined cultures, defined strains. It nust be either
at present working with single defined strains or
.essentially a conbination of the defined strains because you
have to control it. Oherwi se, essentially, you are opening
‘the door for unknown bacteria to be in there.

soit nust be defined if you want to have sone
'handl e on the safety of it. How many strains? That is
«open to interpretation.

DR, BENEDI CT: Dr. Cohen?

DR COHEN: O the nmost conmon probiotic strains,
iwhat do we find in surveys of intrinsic antim crobial
:resistance? | sort of ask this on the basis of the
experience that we have had with the Enterococci where
intrinsic cephal osporin resistance has probably been very
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critical in the energency of the vanconycin-resistant

Ent erococci in hospitals.

To what extent have people exam ned these strains
for resistance to a variety of both antibiotics that have
been produced as well as other potential resistances such as
heavy netals and other types?

DR. O SULLIVAN:  That is a very interesting area.
What you will indicate is natural isolates in the intestine
because they are exposed to antibiotics over a person's life
wi Il have evolved sone resistance. For exanple, that is how
we neke selected nmedia for the bifidobacteria. we largely
rely on their resistance, intrinsic resistance, to different
antibiotics.

Now, the difference cones fromis this intrinsic
resistance or is this actually on a transferrable cassette.
That is where the issue really needs to be | ooked at. If it
essentially has changed the target site of a particular
element inits cell wall or inits ribosome or one of its
enzynmes such that it has de-evolved the target site for
than the antibiotic.

That is not a transferrable antibiotic resistance
and that is where the distinction needs to be nade. In the
vanconyci n-resi stant case, yes, there is a vancomycin-
resi stant gene that essentially can be nobilized and picked

up by other bacteria. That is where horizontal gene
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transfer is a big issue.

Qoviously, if a culture is going to be used in
| arge scale and all the known cassettes nost essentially be
accounted for--but then, again, what you really need is a
conpl ete sequence of the whole genome so you can examine it
CO see are there any cassettes there carrying genes which we
io not have probes for, as if yet.

Maybe that puts an argument for the actual strains
whi ch are under goi ng genone sequenci ng. We know t hat
Lact obaci | | us aci dophilus is just about being finished in
North Carolina and San Diego. Then, fromjust |ooking at
that genonme, then we can see how nmany nobile el ements are
actually there.

No matter which bacterial conplete genone you
actually look at, you wll see a whole |oad of elenments
which are potentially nobile. Wat you want is to nake sure
that in the vicinity there is no virulence gene or there is
no antibiotic resistance gene, per se, that is inportant
that can be nobilized.

DR. WAGNER:  Responding to, say, lactobacilli and
vanconycin 'resistance, a lot of the lactobacillus are
innately resistant to it because they have an DEE gene which
is just in their nature and they are effectively resistance.
But that gene is not known to be nobilizable. W could say
that every gene is nobilizable, possibly, because
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transposons are fairly random

But it doesn't really seemto be the case in the
real world and so we mainly need to be concerned about those
resi stance genes that we know are transferable as opposed to
just every antibiotic resistance. W won't find bacteria
that are susceptible to every antibiotic anynore.

DR BENEDICT: Dr. Buchanan; go ahead.

DR BUCHANAN:  In taking your two presentations
together, it would appear that we have the horns of a
paradox. w have 10° nutational events occurring every
twenty mnutes in the |arge-scale population, so, by
definition, we have a heterogeneous popul ation.

W have a product that requires that the organi sm
be provided in fairly high doses. 1 think the doses we
heard this norning were 10® to 10 would be an effective
dose. W have the recommendation that reproduction of the
organi sm shoul d be minimzed to avoid the nutational events.
ramtrying to figure out how you optimze that kind of a
system where you grow it up to large nunbers but you don't
grow it up

Any conments on how you match those two? (r just
one other thing; are there some nutational events that we
shoul dn't be worried about?

DR. O SULLIVAN.  Correct. That is the comrent |
want to nake is essentially, yes, 10° changes can occur.
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But that is over a massive nunber of nucleotides. Now if

you | ook at an actual genone, and |ook, for exanple, at all
the actual genes which are required for that organismto
grow, they will essentially accept nutations a |ot |ess
frequently.

You al so have repair systens happen. Those
changes will be repaired. \Wen you have nonconserved
regions such as the ITS | was tal king about, a lot of that
I's nonessential so that wll accunmul ate nmore nutations.

Now, when you | ook at essential genes, what is necessary is
t he actual phenotype, the protein.

Each of the amno acids is coded by three
nucl eotides. There is always a nonsense nucl eotide, neaning
you can change that particular nucleotide and it wll not
affect the actual protein, itself. \en you | ook at
essential genes, |ike the reka protein and |look at the
accunul ation of these nmutations, they are always nonsense
mut ati ons.

So, essentially, that is how evolution actually
works.  Then, essentially, you must |ook at, now you are
actually going to open the fermenter so what is inportant,
what genes are inportant in the fermenter, mght not all be
the sane as the genes which are inportant in the actual in

vivo intestine and, therefore, you may get mutations being

accepted in those inportant genes in the fernenter.
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So you cannot, essentially, have a situation where

you are going to take it out of the intestine, grow it up in
a fernenter over many generations to high nunmbers, and
guar antee you haven't changed anyt hi ng.

At present, that is inpossible to guarantee. Byt
you can mnimze, essentially minimze the actual growing it
up in the other environnment where, essentially, nmutations in
genes which are essential for the intestine will be
accept ed.

DR, BENEDI CT: Dr. Hot chki ss?

DR HOTCHKISS: | am glad you raised that point,
Bob, because | worked in the fermentation industry and, in
the real world, what you do is you take a very small culture
and you grow it up. You nmake a product out of that and you
take a small bit of that culture and growit, regrow it and
regrow it.

So you go through tens of years of generations of
the same organism That is the econonmics of business and so
forth. So this business of genetic drift seens like a rea
issue if that is, in fact, sonmething you have got to worry
about in something you are calling a probiotic.

DR BENEDICT: Let ne just flagellate the sane
equine that | did this norning. This is naybe a ten- or
fifteen-year question, but let's assume that you are able to

conquer culture so that we don't have adverse genetic drift.
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’The same question conmes to mind that we still have the

 phenotypic changes that can be induced by culture conditions
‘mﬂthout mutations, just differential expression of genes.
| am actually asking this nmore to get it on the
frecord, but I would also Iike to have your conments. ls it
f.:not going to be better, ten or fifteen years fromnow, to
} knoW the appropriate genes and use array technology not to
really much care what organisnms are there, but we want to
‘know that certain genes have been expressed--that is not
true; that is an exaggeration--but array technology to
determ ne gene expression is going to be pretty inportant, |
woul d think, to show what the characteristics are you are
going for are actually expressed in the human.
Maybe it is quicker than | am thinking, but do you
have comments on that?
DR. O SULLIVAN:  That is a pretty good insight
right there and that is essentially where, in the future, |
l can see it going as well.
| At present, we know of sone criteria, sone
 features, which essentially are likely to be inportant in
‘the intestine. But we do not all of them and possibly array
‘technology will allow us to pick out what genes are actually
expressed in the intestine.

So, using these in situ things, be it FISH or be

it, essentially, array technology, a bigger picture will
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probably come about as to what genes are expressed

preferentially in the actual intestine. Then you can
essentially use your array technology on a culture after you
have prepared it for commercial use and determ ne are these
still expressed.

So | agree. W can see that the seeds of the
technology are there to devel op these particul ar assays.

But it will probably take quite a few years before they are
at fruition. That is a very good point.

DR, BENEDI CT:  Thank you. Wy don't we take the
break now. Wait; we have two ninutes. Are there additional
questions? | nisdid the tine. Ckay; let's take the break
until 3 o' clock.

[ Break. ]

DR BENEDICT: W have heard already from nany
folks talking to us about the organisms, thenselves, and
questions appertaining thereto. W are going to begin to
| ook at the effects on the host and, also, | trust, by the
host. So Dr. Rex Gaskins is going to speak to us on
probiotics and the i mmune system

Dr. Gaskins?

Probiotics and the Inmune System

DR GASKINS:  Thank you

[Slide.]

Being a silent participant all day, it seens clear

e aih Street, SE

Washington, D.C. 20003-2802
(202) 546-6666




e \
4 t
& B

at

10

11

12

13

14

15

16

17

18

19

20

22

23

24

25

187
that, perhaps, we won't be able to decide if eating bacteria

is a natural and a healthy activity, but | bet you will all
agree that sitting around in a gloonmy hotel roomw th coats
and ties and dresses on tal king about it is unnatural and
inhealthy.

So what | hope to do is try to illumnate,
ni ghlight, some of the questions that we have encountered in
an effort to try to understand host-m crobe interactions at
che intestinal epithelium

| was asked to tal k about probiotics in the inmune
system, and | think one of the first points that | would
[ike to make is that if that is what we want to understand,
it would seem that, indeed, we nust focus on host-nicrobe
interactions at the intestine epithelium

That is what ny group is trying to do. W are not
wor ki ng, per se, in the probiotic area. There are a nunber
of additional challenges associated with probiotics and nost
of those challenges, | think, have already been nentioned
t hi s norning.

When | | ook at the probiotic research field, |
find it encouraging that, indeed, there is nore and nore
focus on intestinal questions, trying to understand
nechanisms operative at the epitheliumrelative to
orobiotics and their effects on the inmmune system

However, historically, | think if one surveys the
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literature, a problemwth the probiotic research field is

sometimes either inproper or the lack of biological context.
For exanple, it is not uncommon to encounter studies in

whi ch investigators were conparing animals dosed either with
or without probiotics, taking T-cells, plasma blood T-cells,
stinmulating those in vitro with conventional T-cel

mtogens, conparing their ability to proliferate in response
to, for exanple, concanavalin A and finding, perhaps, a few
thousand count increase fromthe animals that were dosed

Wi th probiotics and then draw ng sonetimes sweeping
concl usi ons about the ability of probiotics to "boost the
imune system"

i actually find those data and that approach
isomewhat hard to interpret. | think one challenge, one
jproblem associated with that is that it |eads to what can
lbe a mi sl eading concept of good versus bad bacteri a.

‘Frankly, if one tries to view bacteria as the epithelium
-views bacteria, | amnot sure that you can distinguish
lbacteria as being either good or bad.

That is the concept | want to tal k about today.
What IS clear is the fact that the epitheliumis extrenely
sensitive to bacteria and, perhaps, nost sensitive to
changes in mcrobial community structure.

In fact, it is our view that nost of the
structures and many of the functions of the intestine
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evolved in response to the persistent antigenic challenges

associated with the normal gastrointestinal m crobiota.

[Slide.]

| am always telling the students that framng the
question is the nost inportant part of research and, in an
effort to try to address, ask the right question, then
sometimes it is a good idea to start with generalizations.
The one that we have taken is that, in a sinple sense, the
intestine represents two conplex cellular communities, gpe
conprised of, mainly, bacteria, pmminly anaerobic bacteria
and anot her conprised of a very conplex buried host-cel
compartment conprised of epithelial cells and wi de variety
of immune cells.

So, really, when we are tal king about interactions
bet ween the normal mcrobiota and the host, we are talking
about interactions between two conpl ex cellular conmmunities.
Unfortunately, we don't understand very well the regulatory
cues by which these two conmpartnments interact.

However, it is clear froma |ot of
phenomnenol ogi cal research and anecdotal evidence that these
structures that we have tal ked about and we will talk a
little bit nore about now al nost certainly had to evolve in
response to the persistent challenge offered by the nornmnal
mcrobiota, not by periodic encounter w th pathogens

because, as you will see, it is just such an exquisite and
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1 (i beautiful systemthat the major driving, the major stimulus,
-2 finust represent normal gut bacteri a.
3 [Slide.]
4 First, with all the gastroenterologists in the
5 |l audience, | want to make sure that you don't get concerned.
6 |l This individual actually suffers from"powerpointitis" and
7 |fis meant to represent a normal intestine. pegi|y the
8 |finformati on has been already conmunicated and | don't want
9 ffto belabor the point.
10 The maj or point, though, is, indeed, we are
11 ftalking about a very complex system  poug Vagner tal ked
12 iabout the new ideas or the new evidence that is energing
13 ffrom nol ecul ar approaches to try to understand this conpl ex
14 fgsystem | think | amaware of a couple of instances in
15 iwhich cloned ribosomal RNA |ibraries were generated.
16 ?:Ihdeem it is at least this conplex as the nunbers represent
17 fhere; in other words, perhaps 400 to 500 different species.
18 Interestingly, some of the nolecular work
19 | denonstrates the preservation of what is referred to as
20 ?higher taxonom ¢ structures; in other words, punerous
21 QYspecies or strains, even within individual genera.
22 ”Obviously, that conplexity will be quite difficult to
23 lnderstand.
24 In other words, these bacteria are nmost |ikely
25 | pccupying the sane niche. However, there is sone reason,
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there is sone advantage, of having nultiple organisms in

that niche rather than a few organisns. Indeed, there are a
nunber of inportant ideas, a number of inportant
observations, that are coning from nol ecul ar approaches.

| think the objectivity associated with taking a
nmol ecul ar approach to try to understand this conplex system
cannot be overenphasi zed.

Anot her inportant point it regards to host-m crobe
interactions is the fact that, in addition to regional
gradi ents of bacteria density and regional gradients of
bacteria conposition, one finds regional gradients of inmune
structures and functions. |n other words, the intestinal
i mmune system varies along the gastrointestinal tract just
as does the mcrobiota.

Currently, those are just parallel observations.
In other words, we do not understand that if a regiona
differences in imune structure and function relate,
sonehow, to regional differences in bacterial density and
conposition. That is something that we would like to
inderstand.

[Slide.]

This slide violates all of the rules of a good
slide, but it, effectively, j|lustrates the point | woul d
Like to nake and that is that, just as for the normal
nicrobiota, the host side is equally complex. gg here we
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are looking at the epithelium W have tal ked about it

quite a bit today. And then just a wide variety of inmune
cells that are residing underneath the epitheliumin the
| am na propria conpartnment, for exanple.

This is a very dynam c conpartnment. These cells
are talking to one another and they are talking to one
another via a variety of bioactive cytokines and other
nedi ators, bioactive lipids and so forth. The degree to
whi ch we understand that currently nost often reflects
various in vitro studies in which we have renoved subsets of
these cells and tried to ask questions how one subset of
cells nodifies the phenotype of another cell subset.

So, by renoving these cells, we also introduce
significant bias just as we do when we renove bacteria and
ask questions about single organisns out of their nornal
envi ronnent .

But | think this slide, again, represents what the
host thinks about the normal mcrobiota, not what the host
t hi nks about a probiotic that one introduces or about what
t he host thinks about periodic encounter wth a pathogen. |
think this level of complexity reflects the fact that the
host has invested heavily in trying to protect itself from
the normal m crobiota.

[Slide.]

One way to try to bring some resolution to the
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conplexity is to consider that there are both

conpartmental i zed i nmune structures and diffuse immune
structures. | think the one that has received the nost
attention over the years is the conmpartmentalized secretory
IgA system

You are all famliar with Peyer's patches. W
like to think of themas B-cell universities in the
intestine. Renenber, that the epitheliumis covered with a

specialized type of epithelial cell here that is sanpling

the contents of the lunen and essentially passing off the
antigens that it encounters to nacrophages that are residing

here in the done area of Peyer's patches.

Macrophages then activate T-cells which educate

the B-cells. It is the collective cytokine soup that seens

to stinmulate B-cells to differentiate toward an Iga isotype.

So that is reasonably understood.

So here is an opportunity in which, indeed, the
host can | earn or encounter the probiotic organisns that you
dose the animal or human with. So this is an organized
| ynphoi d conpartnent generating active or acquired imunity.

[Slide.]

This just reviews the structure of Peyer's patches

which | just did. Another inportant point, | think, that

'was nmentioned this norning is the fact that although these

cells go to school here--in other words, they |learn which
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antigens to make antibodi es against --they actually |eave the

B-cell wuniversity through the |ynph and the bl ood.

[Slide.]

They take up residence in all epithelial tissues
of the body and essentially are silent until they encounter,
once again, those antigens that they first encountered in
the intestine. f

This is the phenonmenon referred to as the conmon
mucosal inmmune system a very beautiful effective strategy
to protect the epitheliumand the body from the persistent
chal I enges associated with normal gut bacteri a.

Wiy do | say "normal" gut bacteria? Geater than
50 percent of secretory IgA is directed against normal gut
bacteria. The devel opment of this systemis delayed in
animals that are nursing, in breast-fed animals, for
exanpl e, because the secretory IgA provided in the mlk
prevents or delays interactions between bacteria in the
intestine and the host secretory IgA system of the
devel opi ng aninal or hunman

Therefore, the devel opnent of the secretory Iga
system is delayed. Again, additional evidence that the
maj or stimulus that drives devel opment of this very conpl ex
and el egant imune structure are antigens associated with
the normal m crobiota.

[Slide.]
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In addition to organi zed | ynphoi d conpartnents,

t hen one encounters diffuse |ynphoid conpartnents
illustrated here by the epitheliumand the [ am na propria.
| think the very fascinating observation here is the
multilayered or nulti-tiered nature of defense.

For exanple, the nucus |ayer covers the
epithelium  The nucus layer is much nore than goo. [t is
actual ly-- the chem cal conposition of mucins varies along
the gastrointestinal tract and we, and others, have nade
observations that, indeed, the host is able to change the
chem cal conposition of mucins in response to inflanmmatory
stimuli in a rather acute fashion

I think that is consistent wwth the idea that,

i ndeed, the host uses nucins again in a protective fashion
mainly, and, in addition to chem cal conposition being
inportant for the protective barrier, secretory IgA sticks
to mucus. So you have a very sticky type of surface that is
consistent with the idea that this whole system evol ved
simply to keep all bacteria away fromthe epithelium

However, if this protective physical barrier
becones' conpronmi sed, then the host is very sensitive to and
responsive to translocation of bacteria. It is really the
epithelial cells that have to orchestrate this interaction
anong immune cells.

Indeed, if one finds translocation through tight
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junctions, for exanple, then very quickly epithelial cells
‘becone activated. The cytokines synthesize and secrete a
rchange and they change in a manner that assures that,
| i ndeed, the right inmmune cells--for exanple, neutrophils in
| response to IL-8, expand in the |am na propria conpartnent.
So you find this type of inflanmation in response
;to conpromi ses in the innate physical barriers. There seens
jto be a very dynam c interaction between those conpartnents.

[Slide. 1

One of the points | wanted to make is that we feel
that, indeed, this conplex innate and acquired inmune system
that is found in the intestine evolved in response to nornal
bacterial antigens. | think the best evidence for the idea
cones fromthe rather expansive germfree research

So, back in the late 60’s, early 70’s, there Was
7 an awful lot of very good germfree research mainly with

I
%mc& sometimes with rats, sonetime with pigs. But this
| . . .
slide summarizes kind of the outcone. | think, perhaps, you

|.and acqui red i nmune conponents in the intestine are vastly

are famliar with the outcone and that is that both innate

wunder devel oped in germfree animals relative to conventiona
animals and that, indeed, if you conventionalize a germfree
animl, sonetines with a single bacteria group, then nost
any of the conpartnents, the immune conpartments, gare
«qui ckly activated, so represented here by, for exanple, an
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increase in Peyer's patch size and function, responsiveness

and so forth.

Epithelial-cell renewal rate also contributes a
very inportant innate barrier. Epithelial-renewal rate is
increased in response to conventionalization of a germfree
ani mal .

The chem cal conposition of nucins changes in
response to conventionalization with germfree animals with
bacteria. The paper that you were made aware of that we
contributed to a book by Gerald Tannock on probiotics, on
Probiotics of Critical Review, in that paper, we went
through and tried to survey all of the germfree research,
particularly studies in which germfree animals were
conventionalized with various types of bacteria.

You will find, in that chapter, a conplete table
or at least as conplete as we were able to generate,
descri bing host changes in response to various bacteri al
groups. I n response to questions this morning about
appropriate animal nodels to try to study the conpl ex
responses to nonpathogenic bacteria, | think the germfree
ani mal offers one reasonabl e nodel .

[Slide.]

So we wanted to understand, we would like to
understand, what is the nature of the signals that the host
perceives that |eads to these rather profound or dranatic
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changes in both innate and acquired i nmune conpartnents in

response to normal bacteri a.

In an effort to do that, one paper appeared in
@Qut--perhaps this is a little bit hard to read, but this is
in the journal, Gut. It appeared in 1997 and it has really
been influential for us in trying to fornmulate the right
question regarding the nature of signals that are
stimulating inmune responses or devel opnent of active and
innate inmunity in the intestine.

This paper was conmuni cated by a group of Japanese
researchers in which their interest was in trying to devise
fixation protocols that preserve the nucus |ayer. It was
really an eye-opener for us. | ndeed, with conventi onal
dehydrating fixatives, such as formal dehyde, the mucus |ayer
is lost.

So then one's view of the epithelium of course,
is influence by your histological preps, and then we begin
ito, perhaps, think erroneously about host-mcrobe
interactions. But with the use of nondehydrating fixatives
such as acetic acid and ethanol, one can reasonably preserve
tzhe mucus | ayer

What these researchers describe--this is a
Ibeautiful paper; | would highly recomrend it for everyone in
tthe room-is, indeed, a continuous nmucus |ayer throughout
t-he intestine, increasing in density in those regions of the
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fintestine that are nost heavily colonized with bacteri a,

 reaching up to 300 microns in thickness in the rectum

The continuous mucus |ayer that you can see, |

:hope, represented here and then, of course, the crypts here
fin the colon are also, in effect, plugged with nmucus. So

this nmust represent the medium by which the host

conmmuni cates with normal bacteria.
| think it is very inportant, of course, if we

want to understand the signals, we have to think about where

[ 2cc they I1iving and what is the medium by which the host

] recogni zes these bacteri a.

[Slide.]

So we have tried to replicate their findings.

‘BJust to illustrate the power of using these techniques as
f far as trying to fornmulate the right question, here are
g .si npl e histological preps fromthe colon or normal inbred

finice that were fixed either with conventional 10 percent

:neutral buffered formalin or Carnoy's, which is an acetic-

You can see that, also, we were able to preserve
‘this continuous nmucus |ayer here. Also, we stained these
tissue sanples with high-iron diamne which will distinguish
isul fated nucins fromsialated muicins. \Wsat one finds is
that, indeed, there is an illum nated array of nucins in
ithis |ayer.
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In other words, one finds a |ayer of sialated
mucins followed by a layer of sulfated nucins and then
another layer of sialated mucins. Sulfated mucins, because
of their polyanionic charge, prevent bacteria from digesting
the oligosaccharrides that conprise the nucins. So, in that
sense, the termnal sulfate residues represent an additiona
barrier.

So there, again, the host over tine has nounted
responses that enable it to preserve that very inportant
mucus barrier. So probably we are tal king about a very

dynam c evolution that is occurring. This represents the

battleground, if you will, of the dynami c evol ution between

the host and m crobes.

It is the sulfated nucin conpartnent that we have

iobserved in two animal nodel s that changes very acutely in
ﬁresponse to inflammation. W think the reason for that is
[ that the sulfated residues, again, protect the nucins from
{inucol ytic activity which appears to be rather w despread

i among normal gut bacteria.

Also, we would like to understand which

i communities are living in the nucus |ayer and, of course,

the in situ methods have been descri bed.

So, one of the activities we are involved in is
sinmply trying to conbine fixation protocols that wll
jpreserve the mucus layer with protocols necessary for in
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