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Immunogenicity Risk Assessment
Of Peptides (using tools developed for Proteins)

FDA:
Generic Peptide Impurities... should be

assessed for T cell epitope-related
Immunogenicity risk.

OK, so,
Develop a comprehensive program for

assessing immunogenicity risk building
on decades of experience with biologics

Peptide
Accelerated 
New Drug

Application



Latest AAPS “White Paper”
on Immunogenicity Risk Assessment
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Analyzing Immunogenicity in Peptides/Impurities

• Why do Immunogenicity Screening of Peptides?

• How to do it – In Silico and In Vitro

• Special tools that evaluate “tolerance” and find Treg Epitopes

• FDACase Studies: Calcitonin and Teriparatide (Impurities)



Start withEIpnitSoilpiceoPArneadlyicstision
Change tEopHiVLaxA binding affects T cell activation

• Impurity can bind and trigger immune response
• Prediction: in silico
• Test: HLA Binding
• Test: Immune response (in vitro)

Mature 
APC

HLA
binding
Pocket

Epitopes

Peptide Impurity

9

Peptide 
epitope

HLA

T cell 
receptor

Peptide Drug



Peptide Drugs and their 
Manufacturing-related Impurities

H A  E G  T  F  T  S D V  S  S  Y  L   E G  Q A  A  K E  F  I  A W L  V K A  R

10

Truncations:

Amino acid deletions:
H A  E G  T  F  T  S D V

Amino acid insertions:

H A  E G  T  F  T  S D V  S

Amino acid duplications:

H A  E G  T  F  T  S D V  S

Incorporation of D-stereoisomers:

Side chain modifications:
H A  E G  T  F  T  S D V  S  S  Y  L   E G  Q  A

S  S  Y  L   E  G Q A A E  F  I  A W L  V K A  R resin

I  A W L  V K A  R resin

S  Y  L   E G G  Q A  A K  E  F  I  A W L  V K A  R resin

E G Q  A  A  K  E AE F  I  A W L  V K A R resinS  Y  L

H A  E G  T  F  T  S D V  S  S  Y  L   E G  Q  A A K E  F  I  A W L  V K A  R resin

A K  E  F I A W L  V K A  R resin



Peptide Impurities modify HLA binding
E.g. Duplications, on Potential for Immunogenicity

T Cell Receptor

Example Impurity - Duplication of Amino Acid 2:

Scenario 1: Binderà Non-binder Scenario 2: Non-binderà Binder

HLA

HLA-bound 
peptide

1 4 5 6 92 3 7 8

P1 P4 P6 P9HLA-DR
Binding pockets

HLA Binder HLA Non-binder

1 2 3 4 5 6 7 8 9

P1 P4 P6 P9

HLA Non-binder

1 2 2 3 4 5 6 7 8
9

P4 P6 P9P1

1 2
3 4 5 6 7 8

9

HLA Binder

1 2 2 3 4 5 6 7 8 9

P1 P4 P6 P9

P1 P4 P6 P9

results in a peptide that will now bind HLA by 
shifting subsequent amino acids into phase

New Immunogenic Impurity

results in a peptide that will no longer bind HLA 
by shifting subsequent amino acids out of phase

Loss of immune response?
EpiVax - confidential



Outline – Analyzing Immunogenicity in Peptide Drugs

• Why do Immunogenicity Screening of Peptides?

• How to do it – In Silico and In Vitro

• Special tools that evaluate “tolerance” and find Treg Epitopes

• Case Studies: Calcitonin and Teriparatide (Impurities)



in silico Epitope Prediction

in vitro HLA Binding

in vitro T cell Activity

Literature Integrated Review

In Silico:

Define potential T cell
epitopes in API

Compare with
Impurities

EpiVax - Confidential

Four step approach to Peptide Drug Impurities



How to predict HLA binding of impurities  EpiMatrix
was developed and is curated by EpiVax

• EpiVax proprietary algorithm: EpiMatrix
– Matrix-based algorithm for predicting linear T cell epitopes

• EpiMatrix™ predicts both class I and class II HLA binding potential

221/23/21

HLA-peptide 
complex

Epitope

Protein

Mature 
APC



Class II HLA DR “Supertypes”

23

DR1*0301
DR1*1107

DR1*0306/DR1*0307/DR1*0308/DR1*0311
DR1*0309 

DR1*0305

DR1*1128/DR1*1305 

DR1*1321     DR1*1101
DR1*1104/DR1*1106/DR1*1311

DR1*1307

DR1*1114/DR1*1323 
DR1*1120/DR1*1302

DR1*1322
DR1*1102/DR1*1121

DR1*1301/DR1*1327/DR1*1328
DR1*1304

DR1*0404/DR1*0423

DR1*0410

DR1*0405
DR1*0408

DR1*0402 
DR1*0401/DR1*0426

DR1*1502 

DR1*1501/DR1*1506
DR1*0102

DR1*0101

DR1*0806 
DR1*0817

DR1*0801
DR1*0813
DR1*0804 

DR1*0802

DR1*0701/DR1*0703

EpiMatrix tests for binding potential 
to the most common HLA 

molecules within each of the 
“supertypes”* shown to the left.

Supertypes comprise families that 
have similar binding pocket 

preferences – specific amino acid
side chains fit into their HLA 

binding pockets.
*Lund et al. Definition of Supertypes for HLA Molecules Using Clustering of 
Specificity Matrices. Immunogenetics. 2004; 55(12):797–810.

**Southwood et al. Several Common HLA-DR Types Share Largely Overlapping 
Peptide Binding Repertoires. J Immunol. 1998; 160(7):3363–73.

DR1*0909 

DR1*0911/12/13DR1*0917/18

DR1*0901

DR1*0921/22 

DR1*0925

EpiVax - confidential1/23/21



DR3

DR11

DR8

DR13

DR4

DR7

DR1

DR15

Class II HLA DR “Supertypes”

24

Analyzing sequences for 
“supertype” HLA DR binding motifs 
allows us to provide results that are 

representative of >95% of human
populations worldwide** without 
needing to test each haplotype

individually.
*Lund et al. Definition of Supertypes for HLA Molecules Using Clustering of 
Specificity Matrices. Immunogenetics. 2004; 55(12):797–810.

**Southwood et al. Several Common HLA-DR Types Share Largely 
Overlapping Peptide Binding Repertoires. J Immunol. 1998; 160(7):3363–73.

DR9

EpiVax - confidential1/23/21
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EpiMatrix: Screening a Peptide
Sequence for T Cell Epitopes

Assessment (Z Score)

EpiMatrix Immunogenicity Score

Z Score ≥ 1.64
Hit

1.28 < Z Score ≤ 1.64
Near-Miss

Total Number 
of Hits

≥4 hits for a 9-mer
EpiBar

EpiVax - confidential1/23/21
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Risk Assessment Approach
Epitope Density per Length

26

1 + 1 + 1 = Response

T cell response depends on:

T cell epitope content + HLA of subject

➢ immunogenicity can be ranked

Protein or Peptide Therapeutic:
epitope epitope epitope

De Groot A.S. and L. Moise. Prediction of immunogenicity for therapeutic proteins: State
of the art. Current Opinions in Drug Development and Discovery. May 2007. 10(3):332-
40.

1/23/21



“Immunogenicity Scale” for proteins 
Potential immunogenicity risk

27

EpiMatrix Predicted Excess/Shortfall in Aggregate 
Immunogenicity Relative to a Random Peptide Standard
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1/23/21

Have been 
known to be 
immunogenic



New “PANDA” Peptide Immunogenicity Scale

EpiVax - Non-Confidential

Tetanus Toxin (825-850) (84.14, P-Value 99.91%)

HCV NS3 (1254-1269) (96.41, P-Value 99.98%)

Tetanus Toxin (947-967) (43.27, P-Value: 94.55%)

Human CLIP (41.53, P-Value: 93.8%)

EBV BHRF1(171-189) (22.00, P-Value 79.24%)

20mer Theoretical Min (-25.57, P-Value: 17.18%)

Influenza HA (306-319) (71.03, P-Value 99.57%)

+100
-

+80
-

+60
-

+40
-

+20
-
0
-

-20
-

-40
-

-60
-

-80
-

-100

Teriparatide (20.16, P-Value 77.24%)

Salmon Calcitonin (0.18, P-Value 50.26%)
Liraglutide (-2.03, P-Value 47.01%)
Exenatide (-2.95, P-Value 45.65%)

Nesiritide (-10.61, P-Value 34.72%)
Insulin (-12.05, P-Value 32.70%)
Glucagon (-13.06, P-Value 31.44%)
Teduglutide (-16.70, P-Value 26.81%)

The first step to 
assessing 
Immunogenicity
risk
of Impurities   
is to evaluate 
peptide epitope
density on the 
immunogenicity 
scale.



ClustiMer – “EpiBar”
Screen Peptide Sequence for T Cell Epitopes

EpiMatrix Cluster Report for GAD65 555-566

Frame AA Frame Hydro- DRB1*0101DRB1*0301DRB1*0401DRB1*0701DRB1*0801DRB1*0901DRB1*1101DRB1*1301DRB1*1501
Hits

Start Sequence Stop phobicity    Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score
555 NFFRMVISN 563 0.43 0
556 FFRMVISNP 564 0.64 1.54 1.76 2.07 1.78 3

557 FRMVISNPA 565 0.53 2.67 2.43 2.83 3.12 2.02 3.27 2.95 1.82 2.81 9
558 RMVISNPAA 566 0.42 0

Assessments Performed: 36 Deviation from Expectation: 27.66

Z-score indicates the potential of a 9-mer frame to bind to a given HLA allele; the strength of the score is indicated by the blue shading.
Cluster Regions Outlined: Top 10%* Top 5% Top 1%

Figure 5. EpiMatrix analysis of a promiscuous epitope. The GAD65 peptide is an epitope known to be
promiscuously immunogenic. It scores extremely high for all 9 alleles in EpiMatrix. Its EpiMatrix Score is 28. Scores
higher than 10 are considered to be significant. The band-like EpiBar pattern is characteristic of promiscuous epitopes.
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Approach to analyzing unnatural amino acids   
Details to be published in manuscripts in preparation

321/23/21

AK1NalVAAWTLKAAA

AKXVAAWTLKAAA

Neutral placeholder:
Replace unnatural AA(1Nal) with X1

- +40 -

- -

- +30 -

- -

- +20 -

- -

- +10 -

- -

- 0.0 -

- -

- -10 -

Phe

2 Replacement Analysis: 
Replace X with all 20 
natural L-amino acids

1-Nal Trp

Bulky 
Hydrophobic

group

AKFVAAWTLKAAA

AKGVAAWTLKAAA

AKXVAAWTLKAAA

AKWVAAWTLKAAA

Most conducive to binding
(i.e. worst-case scenario)

Least conducive to binding
(i.e. best-case scenario)

Best Structural Proxy 3

Neutral Placeholder

2

1

2

Best Proxy:
Choose best-matching natural L-amino acid 
based on structural and/or chemical properties

3

Best Risk Estimate

Risk Estimate
Range

Tyr
Ile

Leu
Trp
Val
Met
Lys
Gln
His
Cys
Thr
Asn
Glu
Ser
Arg
Ala
Asp
Pro
Gly



Outline – Analyzing Immunogenicity in Peptide Drugs

• Why do Immunogenicity Screening of Peptides?

• How to do it – In Silico and In Vitro

• Special tools that evaluate “tolerance” and find Treg Epitopes

• Case Studies: Calcitonin and Teriparatide (Impurities)
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Some generic peptides are not immunogenic 
Are they potentially tolerated or tolerogenic?

34

Mature 
APC

T regT eff

Epitopes can be either effector 
(inflammatory) or regulatory 
(tolerogenic).

Most in silico algorithms cannot
differentiate between these two.
ISPRI uses JanusMatrix.

1/23/21



HLA

The T cell epitope is linear when bound to the HLA molecule that presents it to the TCR

Peptide 
epitope

T cell 
receptor

HLA

Peptide 
epitope

The T cell epitope has two faces: One that binds HLA, 
and one that faces up to the T Cell Receptor (TCR)



Each MHC ligand has two faces:
1. The MHC-binding face (agretope) and
2. The TCR-interacting face (epitope)

JanusMatrix™ is designed to predict the potential for cross-
reactivity between epitope clusters and the human genome, 
based on conservation of TCR-facing residues in their 
putative HLA ligands.

JanusMatrix
Find predicted 9-mer ligands with:

• Identical T cell-facing residues
• Same HLA allele and minimally 

different MHC-facing residues

TCR

MHC

TCR

JanusMatrix™ 2013
A New Way to Search for Homology with Self

38

Moise L et al. Hum Vaccin Immunother. 
2013 Jul;9(7):1577-86 MHC/HLA
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Source protein – therapeutic product, antigen, etc. 

9-mer epitope

9-mer epitope from human genome that present 
the same TCR face

Human protein containing cross-conserved epitope

Potentially immunogenic due to low
cross-conservation with “self”

EpiVax - confidential

Epitope networks used to provide visual map of epitope
cross-conservation to identify tolerogenic (Treg) epitopes

Cytoscape: Visual map of epitope cross-conservation

Potentially non-immunogenic due to 
high cross-conservation with “self”



1/25/21

JanusMatrix Publications

EpiVax - confidential 41



Published Treg epitopes in IgG: Tregitopes 
Also highly conserved by JanusMatrix

• Tregitopes

• Discovered by EpiVax

• Highly conserved peptide sequences 
in Fc and Fab regions of antibodies

• High affinity, promiscuous binders 
across HLA alleles

• One mechanism of action of IVIG?
• Activate antigen-specific 

regulatory T cells

• Do other self-proteins have 
tolerogenic epitopes?

De Groot A.S., et al., Activation of Natural Regulatory T cells by IgG Fc-derived Peptide 
“Tregitopes”. Blood, 2008,112: 3303. http://tinyurl.com/ASDeGroot-Blood-2008

42

http://tinyurl.com/ASDeGroot-Blood-2008


Evaluation of Immunogenicity: 
Consider the potential for tolerance

• Immunogenic peptides have high EpiMatrix scores and low JanusMatrix scores.
• Based on these two parameters, API and their sequence-related impurities can be divided into four 

quadrants:



in silico

in vitro HLA Binding

in vitro T cell Activity

Literature

In vitro

Independent
Validation assays

API and Impurities

EpiVax - Confidential

Four step approach to Peptide Drug Impurities



Click to edit Master title stValidation: HLA Bindingyle

In brief, the peptide of interest is incubated with an allele-specific labeled tracer peptide and a soluble HLA supertype monomer are incubated to equilibrium. The 
following day the binding reaction is halted and the mixture is transferred to assay plates precoated with a pan anti-HLA-DR antibody and incubated overnight.
Following this incubation, the plates are developed and peptide binding is indirectly measured by time resolved fluorescence spectroscopy. By using a fixed
concentration of the labeled tracer peptide and a range of concentrations for the test peptide, one can generate a multi-point dose ranging curve that enables the 
calculation of an IC50 value which provides information not only about the ability of the peptide to bind HLA (yes/no) but also about the relative affinity of the 
peptide to a given HLA-DR supertype. Once can utilize the IC50 values to divide peptides into categories based on their affinity for a given HLA allele, such as high, 
moderate, low and non-binding. As new technology becomes available and accessible, it will be useful to look at the kinetics of the binding reaction as well.



48

In Vitro Assay to measure T cell response “IVIP”
(Similar assay for Treg response “TTBSA”



Stimulation (day 1)
• Media (negative control)
• TT 0.5 µg/ml
• TT + peptide (289/FV621 or Teriparatide)

End points (day 7)
• Proliferation and activation of Teff (CFSE, CD25)
• Characterization markers (CD4 and CD3e)

day 0 CFSE 
labelled

Evaluate for Treg induction –
Tetanus Toxoid bystander suppression assay

Outline of the assay
TTPBMC + Peptides

day 1

Readout

day 7

Concentration 10, 20, 40 µg/ml



TTBSA Assay + New Tregitope



Outline – Analyzing Immunogenicity in Peptide Drugs

• Why do Immunogenicity Screening of Peptides?

• How to do it – In Silico and In Vitro

• Special tools that evaluate “tolerance” and find Treg Epitopes

• Case Studies: Calcitonin and Teriparatide (Impurities)
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Case Studies / OGD Contract 2018-2020

52Calcitonin T1re/2at3m/e2nt1of Paget’s Disease*.J Clin Endocrinol Metab 1988; 67: 541–545.

Salmon Calcitonin
➢ A Foreign Peptide

Teriparatide
➢ Fully Human Peptide
➢ Is less immunogenic, may even be tolerogenic• only 50% sequence homology with human calcitonin

➢ Is slightly immunogenic
• 40-70% patients develop ADA to SCT1,2,3

➢Some impurities are potentially immunogenic 
Ø The N-terminal human calcitonin-like active site 

region of SCT contains no epitopes and may be
protected by the cyclic nature

• Only 3% of patients developADA to teriparatide4

• Teriparatide was shown to increase the number of Tregs by
threefold5

• EpiMatrix & JanusMatrix6 identified a promiscuous binding 
epitope with high degree of human homology to another widely
expressed human protein, tubulin.

➢ Some impurities are potentially immunogenic
• This may explain why some patients (3%) have developed 

transient antibodies

1. Grauer A, Ziegler R, Raue F. Clinical significance of antibodies against calcitonin. Exp Clin Endocrinol Diabetes 1995; 103: 
345–351.
Muff, R;Dambacher M and FJ. Formation of neutralizing antibodies during intranasal synthetic salmon calcitomin treatment 
of postmenopausal osteoporosis.Osteoporos Int 1991; 1: 72–75.
LEVY F, MUFF R, DOTTI-SIGRIST S, et al. Formation of Neutralizing Antibodies During Intranasal Synthetic Salmon

2.

3.

4.
5.

Eli Lilly. FORTEO Package Insert.
Yu M, D’Amelio P, Tyagi AM, et al. Regulatory T cells are expanded by Teriparatide treatment in humans and mediate 
intermittent PTH-induced bone anabolism in mice. EMBO Rep 2018; 19: 156–171.
Moise L, Gutierrez AH, Bailey-Kellogg C, et al. The two-faced T cell epitope: Examining the host-microbe interface with 
JanusMatrix. Hum Vaccin Immunother 2013; 9: 1577–1586.

6.



Salmon Calcitonin Immunogenicity Analysis
In silico analysis confirms what is known about this drug

EpiMatrix Cluster Detail Report
File: SALMON_CALCITONIN Sequence: SALMON_CALCITONIN Cluster: 1

Human Calcitonin-like
region – no    

T cell epitopes

Antibody Binding Site

Fully Foreign 
immunogenic region

54

Frame 
Start

AA
Sequence

Frame   Hydro- DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501
Stop   phobicity    Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score

Hits

1 CSNLSTCVL 9 1.22 1.03 -0.85 0.07 1.18 -0.51 0.52 -0.72 0.04 0
2 SNLSTCVLG 10 0.9 0.21 0.99 1.13 -0.20 0.32 0.01 0.64 0.04 0
3 NLSTCVLGK 11 0.56 0.17 -0.58 0.94 0.52 0.32 0.12 0.39 -0.27 0
4 LSTCVLGKL 12 1.37 -0.54 0.41 -0.55 0.13 1.24 -0.23 -0.53 0.65 0
5 STCVLGKLS 13 0.86 1.05 -0.10 0.59 0.53 0.05 0.60 0.32 0.69 0
6 TCVLGKLSQ 14 0.56 -0.18 -0.22 0.12 -0.69 0.82 1.39 0.17 0.15 0
7 CVLGKLSQE 15 0.24 -1.29 0.53 -0.87 -0.96 0.36 -0.61 -0.03 -0.29 0
8 VLGKLSQEL 16 0.39 1.37 1.75 0.60 2.22 1.70 0.79 0.97 1.43 3
9 LGKLSQELH 17 -0.43 0.82 0.49 0.72 0.40 1.49 1.16 0.24 -0.22 0
10 GKLSQELHK 18 -1.29 -0.40 0.36 0.19 0.34 -0.19 0.59 0.18 0.06 0
11 KLSQELHKL 19 -0.82 0.68 0.99 0.30 0.71 0.35 0.82 1.72 0.66 1
12 LSQELHKLQ 20 -0.78 1.17 1.00 1.57 1.32 0.90 1.65 0.98 0.70 1
13 SQELHKLQT 21 -1.28 0.47 0.01 0.11 -0.13 0.85 1.38 0.38 1.19 0
14 QELHKLQTY 22 -1.33 -1.27 -0.10 -1.12 -0.47 -1.30 -1.08 0.22 -0.61 0
15 ELHKLQTYP 23 -1.12 -1.03 -0.88 -1.36 -0.54 -0.12 -1.18 -0.41 -2.15 0
16 LHKLQTYPR 24 -1.23 2.11 2.03 2.36 1.49 2.51 2.13 2.08 1.97 7
17 HKLQTYPRT 25 -1.73 1.23 -0.85 0.27 0.17 0.36 0.75 -0.01 0.94 0
18 KLQTYPRTN 26 -1.77 0.72 -0.70 0.19 0.79 0.53 0.26 -0.34 0.13 0
19 LQTYPRTNT 27 -1.41 0.13 -0.35 -0.63 0.40 1.01 -0.08 0.97 1.11 0
20 QTYPRTNTG 28 -1.88 0.05 0.11 1.05 -0.44 0.41 0.25 0.00 0.06 0
21 TYPRTNTGS 29 -1.58 0.19 -0.96 -0.12 -0.88 0.06 -0.73 0.11 -0.23 0
22 YPRTNTGSG 30 -1.54 1.11 0.31 1.30 0.84 1.54 0.60 0.04 0.87 0
23 PRTNTGSGT 31 -1.48 0.62 -0.90 0.22 0.20 -0.48 -0.21 -0.97 -0.01 0
24 RTNTGSGTP 32 -1.48 -0.52 -0.51 -0.36 0.50 -0.45 -0.96 -0.77 0.38 0

Summarized Results DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total
Maximum Single Z-score 2.11 2.03 2.36 2.22 2.51 2.13 2.08 1.97 --

Sum of Significant Z-scores 2.11 3.78 2.36 2.22 4.21 3.78 3.80 1.97 24.23
Count of Significant Z-Scores 1 2 1 1 2 2 2 1 12

Total Assessments Performed: 192 Hydrophobicity: -0.54 EpiMatrix Score: 4.46 EpiMatrix Score (w/o flanks): 4.46
Scores Adjusted for Tregitope: -- EpiMatrix Score: 4.46 EpiMatrix Score (w/o flanks): 4.46
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Salmon Calcitonin and Impurities
Immunogenicity vs Humanness

571/23/21

Do Not Post – Publication in Preparation



Salmon Calcitonin: Impurities

• Salmon Calcitonin (SCT) API is demonstrated and known to be, immunogenic.

• SCT impurities have similar EpiMatrix (moderate) and JanusMatrix (non-human) scores.

• Each impurity had similar immunogenicity in silico and ex vivo relative to theAPI.

• SCT impurities are immunogenic as predicted, but not significantly more so than 
the API.

Peptide Sequence EpiMatrix 
Score

JanusMatrix 
Score

% of Responding 
Donors

# of 
Responding 

Donors

Salmon Calcitonin API CSNLSTCVLGKLSQELHKLQTYPRTNTGSGTP 1.99 0.92 44% 7 of 16
LYS-AC18_SCT CSNLSTCVLGKLSQELH(Ac-K)*LQTYPRTNTGSGTP 3.33 0.46 56% 9 of 16
Q20E_SCT CSNLSTCVLGKLSQELHKLETYPRTNTGSGTP -0.92 0.73 56% 9 of 16
ENDO-GLY28_SCT CSNLSTCVLGKLSQELHKLQTYPRTNTGGSGTP 1.06 0.92 63% 10 of 16
ENDO-THR31_SCT CSNLSTCVLGKLSQELHKLQTYPRTNTGSGTTP 1.06 0.92 69% 11 of 16



Teriparatide

• Sold under the name Forteo® (RLD, 
rDNA).

• Approved for the treatment of Osteoporosis 
for men and women in the USA.

• Comprised of the N-terminal 34 amino
acids of hPTH.

• Primary regulator of Calcium and 
Phosphate metabolism in the bone and 
kidney.

• 2.8% ADA in treated patients after 12

SVSEIQLMHNLGKHLNSMERVEWLRKKLQDVHNF



EpiVax - confidential

Teriparatide
In Silico Evaluation of Immunogenicity

651/23/21

Frame

EpiMatrix Detail Report
File: FDA_YR2_TERIPARATIDE Sequence: 00_TERIPARATIDE_RLD : 1

AA Frame Hydro- DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*0901 DRB1*1101 DRB1*1301 DRB1*1501
Start Sequence Stop phobicity Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score

1     SVSEIQLMH 9 0.29 0.21 0.28 0.57 -0.15 -0.27 -0.16 0.39 0.21 -0.87
2     VSEIQLMHN 10 -0.01 -0.37 -0.41 -0.04 -0.65 0.22 0.10 0.82 -0.99  1.11
3     SEIQLMHNL 11 -0.06 -0.02 -0.24 -0.41 -0.14 -1.10 -0.83 -0.60 0.52 -0.67
4     EIQLMHNLG 12 -0.01 1.00 0.83 1.15 0.28 1.77 0.72 1.78 0.27 1.31
5     IQLMHNLGK 13 -0.06 2.47 1.71 2.88 1.67 2.01 1.62 2.89 1.69 2.42

0
0
0
2
8

6     QLMHNLGKH 14 -0.91 -1.16 -0.46 -0.44 0.20 0.37 0.12 0.01 -0.02 -0.29
7     LMHNLGKHL 15 -0.1 2.27 1.06 1.26 2.17 1.17 1.44 1.18 1.26 1.41
8     MHNLGKHLN 16 -0.91 1.41 1.26 0.84 0.64 1.84 0.95 1.93 1.49 1.21
9     HNLGKHLNS 17 -1.21 0.38 1.07 1.11 -0.04 0.55 -0.10 1.17 0.75 1.45

10 NLGKHLNSM 18 -0.64 -0.85 0.93 -1.12 0.03 0.21 0.35 0.28 0.59 -0.24
11 LGKHLNSME 19 -0.64 0.06 0.67 0.66 1.09 0.71 0.12 -0.32 2.08 0.30
12 GKHLNSMER 20 -1.57 1.00 0.78 1.05 0.33 1.38 0.36 1.06 0.06 1.30

0
2
2
0
0
1
0

13 KHLNSMERV 21 -1.06 0.28 0.34 0.16 0.47 -0.05 0.00 0.25 -0.12 -0.34 0

T14reHLNgSMERVE 22 -1.01 -1.07 0.26 -1.12 -0.23 -0.12 0.26 -0.13 -0.53 -1.38
23 -0.76 1.38 1.33 0.20 1.54 0.91 0.80 1.09 1.16 0.91
24 -0.76 0.35 -0.03 0.31 0.41 -1.17 -0.73 -0.61 -0.70 -1.75

0
15 LNSMERVEW 0
16 NSMERVEWL 0
17 SMERVEWLR 25 -0.87 -1.07 -0.90 -2.16 -0.92 -0.79 -1.56 -0.55 -0.36 -0.58

26 -1.21 0.00 0.13 0.68 0.90 -0.03 -0.43 0.71 0.49 1.27
27 -1.86 -0.55 -0.29 -0.25 -1.04 -0.77 -0.95 0.55 -0.96 -1.27

0
18 MERVEWLRK 0
19 ERVEWLRKK 0
20 RVEWLRKKL 28 -1.04 -0.05 0.10 -0.47 0.98 -0.22 -0.05 0.23 1.30 0.67

29 -0.93 1.23 1.09 0.96 0.86 2.34 0.23 2.51 1.51 1.38
30 -1.79 -0.64 -0.68 -1.47 -0.92 1.47 -0.88 0.09 0.54 -0.07

0
21 VEWLRKKLQ 2
22 EWLRKKLQD 0
23 WLRKKLQDV 31 -0.93 0.71 1.03

32 -1.19 0.19 0.39
33 -2 0.29 -0.02

0.16 1.65 2.04 0.88 1.42 0.27 0.48
-0.25 -0.14 1.05 0.40 0.61 0.32 -1.21
0.82 -0.04 0.62 -0.44 -0.07 0.20 1.15
0.84 0.60 -0.13 -0.10 0.35 1.20 -1.30

2
24 LRKKLQDVH 0
25 RKKLQDVHN 0
26 KKLQDVHNF 34 -1.19 0.19 0.46 0

DRB1*0101  DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*0901 DRB1*1101 DRB1*1301 DRB1*1501 Total
2.47 1.71 2.88 2.17 2.34 1.62 2.89 2.08 2.42 --
4.74

2
1.71

1
2.88

1
5.49

3
10.00

5
0.00

0
9.11

4
3.77

2
2.42

1
40.12

19
Sum of Significant Z-scores
Count of Significant Z-Scores

Hits

Summarized Results
Maximum Single Z-score

The EpiBar in frame 5 has 
a high JanusMatrix 

Human Homology Score 
suggesting potential for 

homology-induced 
tolerance

(homology is to the widely expressed 
human protein tubulin)

EpiBar in 
Frame 5= 

promiscuous 
binding motif

EpiMatrix Hits 
in Frames

4, 5, 7, 8, 11, 21, 23
(Medium and Dark blue shading)

T eff

Total Assessments Performed: 234 Hydrophobicity: -0.67 EpiMatrix Score: 16.03 EpiMatrix Score (w/o flanks): 16.03
Scores Adjusted for Tregitope: -- EpiMatrix Score: 16.03 EpiMatrix Score (w/o flanks): 16.03



Example: JanusMatrix Analysis of Teraparatide

EpiVax - Confidential

Tubulin
tubulin protein superfamily of 

globular proteins, or one of the 
member proteins of that

superfamily. α- and β-tubulins 
polymerize into microtubules, a 

major component of the eukaryotic 
cytoskeleton.

Immunogenic by T cell epitope analysis.
But both in vitro assay
and clinical data 
(3% ADA)
. . . much Less
Immunogenic
than
predicted
. . .Do
JanusMatrix 
Analysis:
Conserved with very common intracellular protein, Tubulin.
DO NOT POST – UNPUBLISHED



EpiVax - confidential

Teriparatide and Impurities
Immunogenicity vs Humanness

691/23/21

Do Not Post – Publication in Preparation



Teriparatide Summary

• Teriparatide peptide has tolerogenic behavior in vitro, as predicted

• The putative Teriparatide “Tregitope” inhibits CD4+ T cell proliferation and
activation in TTBSA in healthy donor PBMCs

• Impurities that retain the same TCR facing sequences are not more 
immunogenic than Teriparatide (API) in vitro.

• Impurities that remove the TCR cross-conservation but still bind are more 
immunogenic (publication in preparation)

• Future studies: Does the Teraparatide “Tregitope” tolerize against potential
immunogenic impurities when administered together?



Outline – Analyzing Immunogenicity in Peptide Drugs

• Why do Immunogenicity Screening of Peptides?

• How to do it – In Silico and In Vitro

• Special tools that evaluate “tolerance” and find Treg Epitopes

• Case Studies: Calcitonin and Teriparatide (Impurities)

• What if we could prospectively predict and rank all peptide impurities?



Predict the impact of Impurities:“Yes We Can” The “What If Machine”

EpiVax has a “What If ” Machine for peptide impurities.

When generic drug impurities are unknown, modifications at 
each amino acid position in the peptide can be performed in 
silico, their immunogenicity risk predicted and they can be 
assigned an impurity risk score.

The “What if Machine”, performs all possible changes to the 
natural amino acid sequence of the drug substance and 
measures their impact on the epitope content of the peptide.

The WhIM then calculates the predicted immunogenicity of the 
impurities and flags the most worrisome for special consideration. 
Generics manufacturers may be able to use this information to 
reduce the cost of their ANDA preparation. This list could be 
used to identify impurities that should be removed.

Prof. Farnsworth contemplates what 
could be using the What if Machine (in 

“Futurama”)
Image attributed to “Futurama,” 20th Century Fox Broadcasting



NOT POST – Manuscript in PrepaEpriVaatx i-oconnfidential

WHAT IF... (WhIM) Summary of one iteration: 
Taspoglutide AA Duplication EXAMPLE (insertion)

1/23D/2O1

Correlate 
with HLA

87

EMX Hits:
- aa duplication impurities with 

more EMX than baseline (9) 
are in red à increase in 
overall putative T cell epitope 
content

- aa duplication impurities with 
less EMX hits than baseline
(9) in green à decrease in 
overall putative T cell epitope
content

JMX HMLGY Score:
- JanusMatrix Human 

Homology Score.
- Scores >3 are considered 

significant for potential 
homology induced tolerance

Large number of hits
High EpiMatrix Score
Low JanusMatrix Score

Original 
Sequence..

Not 
immunogenic

Input 
Sequence

Peptide 
Sequence

EpiMatrix 
Hits

EpiMatrix 
Score

EpiBars? 
(#)

Number of 
HUMAN
Matches

Janus 
HMLGY
Score

00_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKAR 9 0.86 Yes (1) 9 1.67
01_ENDO-HIS7_HGLP-1 HHAEGTFTSDVSSYLEGQAAKEFIAWLVKAR 9 0.04 Yes (1) 9 1.67
02_ENDO-ALA8_HGLP-1 HAAEGTFTSDVSSYLEGQAAKEFIAWLVKAR 9 0.04 Yes (1) 9 1.67
03_ENDO-GLU9_HGLP-1 HAEEGTFTSDVSSYLEGQAAKEFIAWLVKAR 9 0.04 Yes (1) 9 1.67

04_ENDO-GLY10_HGLP-1 HAEGGTFTSDVSSYLEGQAAKEFIAWLVKAR 9 0.04 Yes (1) 9 1.67
05_ENDO-THR11_HGLP-1 HAEGTTFTSDVSSYLEGQAAKEFIAWLVKAR 9 0.04 Yes (1) 9 1.67
06_ENDO-PHE12_HGLP-1 HAEGTFFTSDVSSYLEGQAAKEFIAWLVKAR 10 1.72 Yes (1) 9 1.50
07_ENDO-THR13_HGLP-1 HAEGTFTTSDVSSYLEGQAAKEFIAWLVKAR 5 -9.91 No 6 1.40
08_ENDO-SER14_HGLP-1 HAEGTFTSSDVSSYLEGQAAKEFIAWLVKAR 6 -7.75 No 7 1.33
09_ENDO-ASP15_HGLP-1 HAEGTFTSDDVSSYLEGQAAKEFIAWLVKAR 5 -9.22 No 7 1.60
10_ENDO-VAL16_HGLP-1 HAEGTFTSDVVSSYLEGQAAKEFIAWLVKAR 8 -3.12 No 28 6.63
11_ENDO-SER17_HGLP-1 HAEGTFTSDVSSSYLEGQAAKEFIAWLVKAR 8 -2.19 Yes (1) 27 8.38

12_ENDO-TYR19_HGLP-1 HAEGTFTSDVSSYYLEGQAAKEFIAWLVKAR 7 -4.55 No 8 1.43
13_ENDO-LEU20_HGLP-1 HAEGTFTSDVSSYLLEGQAAKEFIAWLVKAR 8 -1.66 Yes (1) 6 1.50
14_ENDO-GLU21_HGLP-1 HAEGTFTSDVSSYLEEGQAAKEFIAWLVKAR 8 -1.66 Yes (1) 6 1.50
15_ENDO-GLY22_HGLP-1 HAEGTFTSDVSSYLEGGQAAKEFIAWLVKAR 8 -1.66 Yes (1) 6 1.50
16_ENDO-GLN23_HGLP-1 HAEGTFTSDVSSYLEGQQAAKEFIAWLVKAR 10 2.23 Yes (1) 6 1.20
17_ENDO-ALA24_HGLP-1 HAEGTFTSDVSSYLEGQAAAKEFIAWLVKAR 10 2.15 Yes (1) 10 1.60
18_ENDO-LYS26_HGLP-1 HAEGTFTSDVSSYLEGQAAKKEFIAWLVKAR 12 5.25 Yes (1) 11 1.58
19_ENDO-GLU27_HGLP-1 HAEGTFTSDVSSYLEGQAAKEEFIAWLVKAR 9 0.04 Yes (1) 9 1.67
20_ENDO-PHE28_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFFIAWLVKAR 12 5.72 Yes (1) 9 1.25
21_ENDO-ILE29_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIIAWLVKAR 11 4.34 Yes (2) 7 1.09
22_ENDO-ALA30_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAAWLVKAR 10 2.32 Yes (2) 6 1.10
23_ENDO-TRP31_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWWLVKAR 7 -3.62 Yes (1) 6 1.57
24_ENDO-LEU32_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLLVKAR 8 -1.60 Yes (1) 8 1.63
25_ENDO-VAL33_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVVKAR 9 1.09 Yes (1) 8 1.56
26_ENDO-LYS34_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKKAR 12 6.35 Yes (2) 9 1.33

27_ENDO-ALA35_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKAAR 13 8.04 Yes (2) 9 1.15
28_ENDO-ARG36_HGLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKARR 13 7.78 Yes (2) 9 1.15



FDA Contract with CUBRC and EpiVax 
2018-2020 (and 2020-2022…)

2018 #2?WhIM:
The What-If-Machine

Peptide Impurity Risk Assessment

2020

“What if” Machine (WhIM)
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Recent Publications Describing EpiVax Tools

Engineering a bispecific antibody with a 
common light chain: Identification and 
optimization of an anti-CD3 epsilon and 
anti-GPC3 bispecific antibody, ERY974
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