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Immunogenicity: 
A Critical Challenge to Protein Therapeutics
• Safety

• Hypersensitivity
• Cross-reactivity – Adverse Effects

• Efficacy
• Neutralization
• Change in PK

• Mechanisms
• Antibodies - ADA
• Cell-mediated immunity – focus of this talk
• Innate immunity
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The Epi-People who Make it Happen! 

41/28/19



Our singular focus: Use of Immunoinformatics Tools
To Better Understand Human Immune Response

HLA

peptide 
epitope

T cell 
receptor

What does the APC Present
What does the T cell see

How does it affect  
immune response

T cell epitope and immunogenicity analysis for biologics and vaccines

HLA

peptide 
epitope



Goals for this Talk

61/28/19

In silico tools were developed for assessing the potential immunogenicity and T cell epitope content 

of vaccine antigens and biologics and are best used in conjunction with in vitro assays. 

I will describe ISPRI (the toolkit developed by my team at EpiVax)

• ISPRI is available for commercial license

• Academic projects are encouraged and many are ongoing

In silico tools improve our understanding of the underlying factors driving immunogenicity as they 

relate to T cell epitopes, including:
HLA restriction
T effector epitopes
T reg epitopes

These tools are actively in use by our team and by our clients for de-risking biologics, designing 

vaccines, and developing immune-modulating therapies for human diseases such as autoimmunity 
and allergy. 
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New Tools to be Discussed: iTEM and J-iTEM
This is the year of Personalized Immunogenicity Risk Assessment! 

71/28/19

• Personalized Immunogenicity Risk Assessment = PIMA

• Includes: HLA-restricted immunogenicity risk assessment 
• Individualized T cell Epitope Measure = iTEM

• Treg identification and validation
• JanusMatrix – searches for conservation at the TCR face

• J-iTEM (combines iTEM and JanusMatrix) 
• for more precise prediction of immunogenicity at the 

individual level



Latest Discoveries iTEM / “PIMA”

PIMA: Personalized Immunogenicity Risk Assessment (Pompe, other “replacement” proteins)

ANCER – Mutanome analysis for development of personalized cancer vaccines

D-ANCER – Donor Organ HLA analysis for prediction of Donor Specific Abs in Transplantation

Immunogenicity is Personal
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Latest Discoveries 

91/28/19

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.

TCR

MHC

MHC/HLA

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

different MHC-facing residues

Find predicted 9-mer ligands with:

EpiVax - Non Confidential

JanusMatrix 2013
A New Way to Search for Homology with Self

9
Moise L et al. Hum Vaccin Immunother. 2013 Jul;9(7):1577-86

JanusMatrix

1/28/19



Most Recent In Silico/In Vitro News: 
Peptide ANDA (PANDA) and FDA Contract

101/28/19 FDA will use EpiVax tools in 2018-2019 for Immunogenicity Assessment



What does the T cell See? Linear Epitopes
Strominger, Chicz (and others)

HLA

peptide 
epitope

T cell 
receptor



Epitope Prediction
EpiVax

•EpiVax uses EpiMatrix to predict epitopes
–matrix based prediction algorithm

•Can predict either class I or class II MHC binding
–MHC binding is a prerequisite for immunogenicity

–Full suite of HLA-based predictions; Class II usually used for biologics. 
–Cloud-based tool used by most large Biotech companies: ISPRI
–Separate website available for vaccine design: iVAX

Mature 
APC

MHC II 
Pocket

Epitope

Protein

6/30/2015 12

Identifying T cell epitopes
Is key to assessing Immunogenicity Risk

Whether Peptide or . . . 



Presence of T cell epitopes drives ADA
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NO T Cell Activation NO B Cell Activation

No recognition by 
Naïve  cells

Mature APC

B cell epitope
No T helper cell 

epitopeWhole Antigen
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uptake and 
processing by 
antigen presenting 
cell

Specific uptake 
and processing 
by naïve B cell

No T cell 
Activation

No recognition by 
activated T cells; 

No B cell 
activation

No expansion 
and differentiation 
into Memory Th 

Cells

No expansion 
and differentiation 

into Memory B 
Cells

No expansion 
and differentiation 

into Plasma 
Secreting Cells

MHC: no 
epitope

MHC: no 
epitope

Lack of T cell epitopes abrogates activation of CD4 T cells and T-dependent antibody response

Taking it one step further: 
Absence of T cell epitopes reduces ADA



http://www.umassmed.edu/pathology/graphics/sternfig1.jpg (malaria epitope in DRB1*0101)

Side chains of amino acids (R group) anchor the peptide in place.

The side chains are anchored into specific pockets

Pockets are conserved in evolution - - -

Epitope binding to HLA involves 

matching side chains to pockets

http://www.umassmed.edu/pathology/graphics/sternfig1.jpg


T cell epitope Prediction 
HLA Pocket Profiles – Are Redundant Sturniolo et al.1999

17

We maintain a set of allele specific 
models of MHC-ligand binding.
We refer to these models collectively 
as the EpiMatrix System.
“Matrix” - models are driven by a 20x9 
set of coefficients (one for each 
binding position and amino acid). 
Matrices can be combined with 
pocket profiles to develop new 
prediction tools.
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APPROACH: 
Many HLA Types Share Peptide Binding Preferences

181/28/19

DR1*0301
DR1*1107

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

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

DR1*1128/DR1*1305
DR1*1321

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*0801
DR1*0817

DR1*0813
DR1*0804

DR1*0802

DR1*0701/DR1*0703

DR1*0305

1/28/19

• Shared Pockets in HLA DR 
“Super Families

• Shared T cell epitope 
preferences

• Need to Reduce
Redundancy for More 
accurate Prediction
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APPROACH
EpiMatrix HLA “Supertype” Coverage

19

DR3

DR11

DR8

DR13

DR4

DR7

DR1

DR15

EpiVax tests for binding potential
to the most common HLA
molecules within each of the
“supertypes”* shown to the left.

This allows us to provide results
that are representative of >95% of
human populations worldwide**
without the necessity of testing
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.

1/28/19
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ACCURACY: Recent study of HLA binding data shows 
EpiMatrix Class II predictions superior to IEDB tools

Predicting Class II epitopes is 

more difficult than Class I. 

EpiMatrix Class II predictions 

are 74% accurate when 

prospectively tested in in vitro 
HLA binding assays.

IEDB predictions are 54-66% 

accurate when tested against 

the same set of peptides.

Mean accuracy (� SD) of DRB1*0101, DRB1*0301, DRB1*0401, DRB1*0701, DRB1*0802, DRB1*1101, 

DRB1*1302, and DRB1*1501 predictions. Between 175 and 251 peptides were tested per HLA. 

Source: peptides prospectively selected by EpiMatrix and tested in in vitro HLA binding assays.

Peptides were evaluated on IEDB on November 19th 2018.

20



EpiMatrix Report
EpiMatrix Report

File: Your File - Sequence: Your Protein

APPROACH: Break down the protein or peptide 
Into overlapping frames and scoring each frame

Non Confidential

Frame Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501

Start Stop Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score

1 APELLGGPS 9 0.1 -0.88 -0.34 -0.84 -0.65 -0.4 -1.72 -0.17 0
2 PELLGGPSV 10 1.07 -0.62 0.33 0.13 -0.09 0.39 -0.28 0.59 0
3 ELLGGPSVF 11 -0.17 0.45 0.26 0.48 -0.28 -0.21 -0.11 -0.32 0
4 LLGGPSVFL 12 1.78 1.73 1.43 1.87 0.69 0.29 1.24 1.93 4
5 LGGPSVFLF 13 -0.21 0.4 -0.13 0.46 -0.32 0.07 0.99 -0.02 0
. . . . . . . . . . . .
. . . . . . . . . . . .

87 KEYKCKVSN 95 -0.68 0.07 -1.29 -0.96 1.31 -0.09 0.52 -0.61 0
88 EYKCKVSNK 96 -0.75 -1.04 0.44 -0.78 0.67 -0.64 -0.97 -1.6 0
89 YKCKVSNKA 97 1.85 1.92 1.94 2.58 2.47 2.41 1.56 1.4 6
90 KCKVSNKAL 98 1.15 0.11 0.44 1.59 0.21 0.52 0.53 1 0
91 CKVSNKALP 99 -0.06 1 0.06 -0.47 0.69 1.47 0.86 -0.18 0
92 KVSNKALPA 100 1.6 1.41 1.92 1.26 1.09 1.86 1.54 1.4 2
93 VSNKALPAP 101 -1.29 0.19 -1 -0.98 1.05 0.66 0.74 -0.28 0
94 SNKALPAPI 102 1.28 1.45 0.8 1.05 0.77 0.55 1.62 0.98 0
95 NKALPAPIE 103 0.62 0.3 0.48 -0.19 1.65 0.76 0.62 0.26 1
. . . . . . . . . . . .
. . . . . . . . . . . .

205 HYTQKSLSL 213 1.44 0.63 1.24 1.46 0.52 0.94 1.49 1.46 0
206 YTQKSLSLS 214 0.68 1.68 0.76 0.86 2.46 2.02 2 0.94 4
207 TQKSLSLSP 215 0.8 0.75 1.4 1.54 0.25 1.09 0.56 0.8 0
208 QKSLSLSPG 216 0.68 0.54 0.67 -0.18 1.64 1.42 0.65 0.95 0
209 KSLSLSPGK 217 0.66 0.57 0.94 0.39 0.47 1.02 0.33 0.8 0

DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total

2.18 2.5 2.42 2.63 2.47 2.41 2.84 2.49 --
20.14 23.2 22.19 26.64 27.15 20.78 21.88 10.08 172.05

11 12 11 14 13 11 11 5 88Count of Significant Z-Scores
Total Assessments Performed: 1672 Deviation from Expectation: -13.95 Deviation per 1000 AA: -8.34

Adjusted for Regulatory Epitopes Deviation from Expectation: -34.27 Deviation per 1000 AA: -20.50

Sum of Significant Z-scores

AA Sequence Hits

Summarized Results

Maximum Single Z-score

Individual HLA 
Binding Assessment

Hit

EpiBar

Tregitope-adjusted Score

EpiMatrix Immunogenicity Score

21

Populations

Individuals



APPROACH: Antigen Presenting Cell Math: 
Immunogenicity = sum of epitopes divided by length

T cell response is defined by

T cell epitope content + HLA of subject

ØProtein and peptide immunogenicity can be ranked 

epitope
Protein Therapeutic:

1  +  1  +  1    =  Response

epitopeepitope

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.

Each of these T cells 
is probably reacting to 

a different T cell 
epitope on the surface 

of the DC:
Visual SUM of the 
immune response 



Risk Assessment Scale (Normalized for length)
Adjusted for special cases e.g. antibodies where Tregitopes are present

Candidate Drug
Potential for Immunogenicity 
is High

Candidate Drug
Potential for Immunogenicity is 
Low
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- 00 -
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Thrombopoietin
Erythropoietin

Albumin
IgG Fc Region

GM-CSF

Follitropin-Beta

Beta-2-Microglobulin

Interferon-Beta

Tetanus Toxin
Influenza HA

Overall Immunogenicity Risk of Biologics 
(not adjusted for Treg epitopes) à

epitope  +  epitope  +  epitope
length 0  on scale = 

Expected # T cell epitopes in 
Random protein

Human Proteome –
LOW Potential for Immunogenicity
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Potential for Immunogenicity Identified
Prior to PRCA Event 

24
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1/28/19

Potentially 
Immunogenic!

EPO + …? 
TPO + E.coli TLRs 

It is clear that innate immune stimulation
“broke tolerance”. However, if T cell 
epitopes were not present, Would the 
protein be immunogenic?

Would purified Recombinant Human 
Albumin or rFSH + TLR be  immunogenic? 
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In Silico Analysis Demonstrated to be Relevant 
to Biologic Immunogenicity in the Clinic

25

FPX 1  Score 21.9 
Binding Antibodies 37%
Neutralizing Antibodies 40% 

FPX 2  Score 34.3 
Binding Antibodies 53%
Neutralizing Antibodies 12% 

FPX 3  Score 1.62 
Binding Antibodies 7.8%
Neutralizing Antibodies 0.5%

FPX 4  Score -1.76
Binding Antibodies 5.6%
Neutralizing Antibodies N/A 

FPX 5  Score -111.25
Binding Antibodies 9.3%
Neutralizing Antibodies 0% 

• 2 Amgen Fusion proteins (FPX 1 and 2) 
tested in clinic. (FPX and GNDF). Blinded 
retrospective analysis (Koren, Tatarewicz, 
published). Clinical failures. 

Koren E, De Groot AS, Jawa V, et al. Clinical validation of the “in 
silico” prediction of immunogenicity of a human recombinant 
therapeutic protein Clin Immunol. 2007 Jul. 
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Random Expectation

• FPX 3-5 analyzed in prospective 
analysis. Only low scoring proteins went 
to clinic. One of which - Romiplastin = is 
a demonstrated commercial success)

Tatarewicz SM1, Wei X, Gupta S, Masterman D, Swanson SJ, Moxness MS.
Development of a maturing T-cell-mediated immune response in patients with 
idiopathic Parkinson's disease receiving r-metHuGDNF via continuous 
intraputaminal infusion. J Clin Immunol. 2007 Nov;27(6):620-7. 



bococizumab  anti-PCSK9: in silico 

Homology to Human Proteome: LimitedVL_CL43

Immunogenicity risk Assessment
CL43 : High
CL57: Intermediate
Bococizumab: High (48% observed)

EpiMatrix 
Score/Janus  

VL_CL43 (0.3) 

VH_CL57 (0.4) 
VH_E86 (2) 
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yellow = epitopes able to bind at least four HLA-DR alleles
bold underlined =clusters of HLA DR binding epitopes
red = CDRs (enhanced chothia method)

Hi  EMX 
Score

Moderate 
EMX
Score

Analysis: Jad Maamary

Presentation by D. Montgomery at PEGS

More recent study / Presented at PEGS 2018 / Montgomery



Risk Assessment Scale For Peptides 
(and Peptide Generic Drug Impurities)

Your Generic Peptide Impurity Y

Your Generic Peptide Drug

Your Generic Peptide Impurity X

Tetanus Toxin (825-850)

Hepatitis C NPC NS3 (1248-1267)

Influenza Hemagglutinin (306-319)

Tetanus Toxin (947-963)

Human CLIP
Epstein-Barr Virus BHRF1 (171-189)

Theoretical Minimum

- 40 -

- -

- 30 -

- 10 -

- -

- -

- 20 -

- -

- 00 -

- -

- -10 -

- -

Peptides with scores above +10 have 

a high potential for immunogenicity

The EpiVax Immunogenicity Scale 

allows for the comparison of 

peptides (including peptide generic 

drugs and their impurities) by T cell 

epitope content and normalizes for 

protein length.

1  +  1  +  1
length



EpiMatrix Report
EpiMatrix Report

File: Your File - Sequence: Your Protein

iTEM : Analyzing Immunogenicity for the Individual
Assess overlapping frames and scoring each frame

Non Confidential

Frame Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501

Start Stop Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score

1 APELLGGPS 9 0.1 -0.88 -0.34 -0.84 -0.65 -0.4 -1.72 -0.17 0
2 PELLGGPSV 10 1.07 -0.62 0.33 0.13 -0.09 0.39 -0.28 0.59 0
3 ELLGGPSVF 11 -0.17 0.45 0.26 0.48 -0.28 -0.21 -0.11 -0.32 0
4 LLGGPSVFL 12 1.78 1.73 1.43 1.87 0.69 0.29 1.24 1.93 4
5 LGGPSVFLF 13 -0.21 0.4 -0.13 0.46 -0.32 0.07 0.99 -0.02 0
. . . . . . . . . . . .
. . . . . . . . . . . .

87 KEYKCKVSN 95 -0.68 0.07 -1.29 -0.96 1.31 -0.09 0.52 -0.61 0
88 EYKCKVSNK 96 -0.75 -1.04 0.44 -0.78 0.67 -0.64 -0.97 -1.6 0
89 YKCKVSNKA 97 1.85 1.92 1.94 2.58 2.47 2.41 1.56 1.4 6
90 KCKVSNKAL 98 1.15 0.11 0.44 1.59 0.21 0.52 0.53 1 0
91 CKVSNKALP 99 -0.06 1 0.06 -0.47 0.69 1.47 0.86 -0.18 0
92 KVSNKALPA 100 1.6 1.41 1.92 1.26 1.09 1.86 1.54 1.4 2
93 VSNKALPAP 101 -1.29 0.19 -1 -0.98 1.05 0.66 0.74 -0.28 0
94 SNKALPAPI 102 1.28 1.45 0.8 1.05 0.77 0.55 1.62 0.98 0
95 NKALPAPIE 103 0.62 0.3 0.48 -0.19 1.65 0.76 0.62 0.26 1
. . . . . . . . . . . .
. . . . . . . . . . . .

205 HYTQKSLSL 213 1.44 0.63 1.24 1.46 0.52 0.94 1.49 1.46 0
206 YTQKSLSLS 214 0.68 1.68 0.76 0.86 2.46 2.02 2 0.94 4
207 TQKSLSLSP 215 0.8 0.75 1.4 1.54 0.25 1.09 0.56 0.8 0
208 QKSLSLSPG 216 0.68 0.54 0.67 -0.18 1.64 1.42 0.65 0.95 0
209 KSLSLSPGK 217 0.66 0.57 0.94 0.39 0.47 1.02 0.33 0.8 0

DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total

2.18 2.5 2.42 2.63 2.47 2.41 2.84 2.49 --
20.14 23.2 22.19 26.64 27.15 20.78 21.88 10.08 172.05

11 12 11 14 13 11 11 5 88Count of Significant Z-Scores
Total Assessments Performed: 1672 Deviation from Expectation: -13.95 Deviation per 1000 AA: -8.34

Adjusted for Regulatory Epitopes Deviation from Expectation: -34.27 Deviation per 1000 AA: -20.50

Sum of Significant Z-scores

AA Sequence Hits

Summarized Results

Maximum Single Z-score

Individual HLA 
Bindiing Assessment

Hit

EpiBar

Tregitope-adjusted Score

EpiMatrix Immunogenicity Score

28

Populations

Individuals



HLA Restricts Immune Response
(Personalizing Risk Assessment) / iTEM

T cell response depends on:

T cell epitope content + HLA of subject

Øprotein immunogenicity can be ranked 

epitope

Protein Therapeutic:

1  +  1  +  1    =  Response

epitopeepitope

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.

EpiVax - Confidential

HLA-DR B*0301

HLA-DR B*0101

Different HLA, 
Different Binding Pockets



Frame Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501

Start Stop Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score

249 TPQFLFQLN 257 0.01 0
250 PQFLFQLND 258 -0.06 0
251 QFLFQLNDT 259 -0.04 0
252 FLFQLNDTI 260 0.72 2.69 1.91 1.96 1.57 1.66 2.07 1.65 6
253 LFQLNDTIH 261 0.06 1.77 1.58 1
254 FQLNDTIHL 262 0.06 2.15 1.8 2.14 2.19 1.77 1.72 1.75 1.61 7
255 QLNDTIHLH 263 -0.13 0
256 LNDTIHLHQ 264 -0.13 0
257 NDTIHLHQQ 265 -0.3 0

DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total

2.69 1.91 2.14 2.19 1.77 1.72 2.07 1.65 --
4.84 3.71 5.87 2.19 1.77 3.38 3.82 1.65 27.23

2 2 3 1 1 2 2 1 14

Scores Adjusted for Tregitope: -- EpiMatrix Score: 19.81 EpiMatrix Score (w/o flanks): 24.76

Total Assessments Performed: 72 Hydrophobicity: -0.52 EpiMatrix Score: 19.81 EpiMatrix Score (w/o flanks): 24.76

Accession: USAMRIID-VIRUS-FINAL-SELECTIONS Sequence: EBOLA-SUDAN-GP Cluster: 249
EpiMatrix Cluster Detail Report

     Maximum Single Z score
     Sum of Significant Z scores
     Count of Significant Z Scores

AA Sequence
   Hydro-

  phobicity
Hits

Summarized Results (15-APR-2009)

Different Immune Response Expected 

Highly Relevant to Enzyme and Factor Replacement Therapy

iTEM Analysis – Individualized T cell Epitope Measure
HLA Background Defines Personalized Immunogenicity

Immunogenicity is 
HLA Restricted

DRB1*0101 is predicted

to present this peptide 
more effectively 

than DRB1*1501



FPX 1  Score 21.9 
Binding Antibodies 37%
Neutralizing Antibodies 40% 

FPX 2  Score 34.3 
Binding Antibodies 53%
Neutralizing Antibodies 12% 

FPX 3  Score 1.62 
Binding Antibodies 7.8%
Neutralizing Antibodies 0.5%

FPX 4  Score -1.76
Binding Antibodies 5.6%
Neutralizing Antibodies N/A 

FPX 5  Score -111.25
Binding Antibodies 9.3%
Neutralizing Antibodies 0% 

• Amgen FC Fusion peptide 
(FPX 2) in clinic. Blind 
EpiMatrix retrospective 
analysis of “PEPTIBODY”

Koren E, De Groot AS, Jawa V, Beck KD, 
Boone T, Rivera D, Li L, Mytych D, Koscec
M, Weeraratne D, Swanson S, Martin W. 
Clinical validation of the “in silico” prediction 
of immunogenicity of a human recombinant 
therapeutic protein Clin Immunol. 2007 Jul. 
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Correlation of EpiMatrix Scores and 
Immunogenicity in human studies

Prospective 
Study:



HLA iTEM
Ab conc
(mg/ml)

IFN-g
ratio

IL-4
ratio

0701/1501 6.25 20.20 26.0 89.0

0301/0701 4.75 5.60 1.74 2.60

0101/0103 2.83 2.80 2.00 3.34

0301 1.67 NA 1.04 1.30

Correlation between Haplotype, iTEM , Antibody
Concentration and Immune Response is Excellent

EpiVax - Confidential
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iTEM Heat Maps: for estimating HLA-specific risk

1/28/19 33

iTEM score for a
DR11 / DR13 patient

EpiMatrix protein score of -20.5

From global population…

… to individuals

iTEM scores ranging from -62.99 to 8.63

low immunogenic potential

low or high immunogenic potential
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iTEM Heat Maps: for estimating HLA-specific risk

1/28/19 34

EpiMatrix protein score of -20.5

From global population…

… to individuals

iTEM scores ranging from -62.99 to 8.63

iTEM has the potential to identify 
patients within human cohorts that 
have a high potential to develop 
an immune response to a 
biologic/vaccine candidate…

low immunogenic potential    “non-immunogenic”

low or high immunogenic potential
Immunogenic in some patients!
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iTEM Heat Maps: for estimating HLA-specific risk

1/28/19 35

EpiMatrix protein score of -20.5

From global population…

… to individuals
low immunogenic potential    “non-immunogenic”

iTEM scores ranging from -62.99 to 8.63
low or high immunogenic potential
Immunogenic in some patients!

… and patients in which the 
candidate may not be 
immunogenic.



UNPUBLISHED – COURTESY OF  GENMAB, EpiVax and SANQUIN

Case study:
Adalimumab

1. iTEM scores are generated for each patients

2. Patients are separated based on 
their associated immunogenic risk

Low-risk patients (based on iTEM)

High-risk patients (based on iTEM)

3. Average antibody titers are plotted through 
time

Time

An
tib

od
y 

 ti
te

r

Adalimumab Heatmap
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UNPUBLISHED – COURTESY OF  GENMAB, EpiVax and SANQUIN

iTEM Analysis: Adalimumab study
High titers in Psoriatic Arthritis patients w/ high iTEM

Psoriatic Arthritis (PsA) patient group: N = 44

Findings: 

(1) PsA patients with higher iTEM 
scores tend to have higher 
antibody titers.

(2) PsA patients who had low iTEM 
scores had lower antibody 
titers over time. 

(3) This difference reached 
statistical significance at the 
later time point.

(4) High-risk patients developed 
ADA titers even while being on 
methotrexate.

*
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iTEM / “PIMA” for Pompe Disease

PIMA: Personalized Immunogenicity Risk Assessment (Pompe, other “replacement” proteins)

Immunogenicity is Personal



92.86%

20%

0
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iTEM > 10 (N=14) iTEM < 10 (N=10)

iTEM vs. Observed ADA Response

iTEM > 10 (N=14)

iTEM < 10 (N=10)

Results of iTEM Analysis
Complete Cohort – CRIM-Positive & CRIM-Negative

1/28/19 39

Odds of developing high ADA are 
52 times higher in iTEM>10 

patients compared to those with 
iTEM<10

p value = 0.0005
(Fisher’s exact test)

For All Patients (n=24)
Odds Ratio
(Diff iTEM >10 vs Diff iTEM <10) 52

**

Incorrect Low ADA predictions have 
dropped from roughly 1 in 2 (using only 
CRIM Status) to 1 in 5.

UNPUBLISHED AND CONFIDENTIAL DO NOT REPOSTImmunogenicity is Personal



In Silico Identification of Putative Treg epitopes

So,  you say that immunogenic potential 
increases with increasing T cell epitope content, 

What is the impact of Treg epitopes? 

EpiVax - Confidential



In Silico Tools for Characterizing 
Putative T Reg Epitopes

Mature 
APC

T regT eff

Epitopes can be either effector or regulatory

Most in silico algorithms cannot 
differentiate between these two

EpiVax - Confidential

Shuts 
down 

immune 
response

Turns on 
immune 
response
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Published Treg epitopes in IgG: Tregitopes
Also highly conserved by JanusMatrix

42

• Discovered & patented 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

• Can be co-formulated or synthesized 
with therapeutic proteins or carriers

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

http://bit.ly/Treg11/28/19

http://bit.ly/Treg1


Discovery of Treg + epitopes = Tregitopes
In an Abundant Protein: IgG – Tolerizing Epitopes

289

167

134009

029
084

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

Identification of highly conserved epitopes while screening Mabs 

• 15-20 mer peptides in conserved regions 

• Strong signals for T cells (“EpiBars”)   

• Highly conserved among IgG molecules

• Conserved across species (mouse… )

• One mechanism of action of IVIg?

• Induce natural Tregs to modify immune 

response … and expand iTregs in vitro and 

in vitro

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


Published in Blood, 25 July 2008
Reprints available on request

http://bit.ly/Tregitope_API

Original Tregitope Publication

http://bit.ly/Tregitope_API


Re-discovery of Tregitopes …Thanks Alex Sette ! 

3Confidential EpiVax

Abstract: The activation of natural regulatory T cells (nTreg) recognizing the heavy constant region (Fc) of IgG is an important

mechanism of action of intravenous immunoglobulin (IVIG) therapy in Kawasaki disease (KD). Lack of circulating Fc-specific nTreg in

the sub-acute phase of KD is correlated with the development of coronary artery abnormalities (CAA). Here, we characterize the fine

specificity of nTreg in sub-acute (2- to 8-week post-IVIG) and convalescent (1- to 10-year post-IVIG) KD subjects by testing the

immunogenicity of 64 peptides, 15 amino acids in length with a 10 amino acid-overlap spanning the entire Fc protein. About 12 Fc

peptides (6 pools of 2 consecutive peptides) were recognized by nTreg in the cohorts studied, including two patients with CAA. To test

whether IVIG expands the same nTreg populations that maintain vascular homeostasis in healthy subjects, we compared these results

with results obtained in healthy adult controls. Similar nTreg fine specificities were observed in KD patients after IVIG and in healthy

donors. These results suggest that T cell fitness rather than T cell clonal deletion or anergy is responsible for the lack of Fc-specific

nTreg in KD patients who develop CAA. Furthermore, we found that adolescents and adults who had KD during childhood without

developing CAA did not respond to the Fc protein in vitro, suggesting that the nTreg response induced by IVIG in KD patients is short-

lived. Our results support the concept that peptide epitopes may be a viable therapeutic approach to expand Fc-specific nTreg and more

effectively prevent CAA in KD patients.



IVIG-derived Peptide Pool Reactions - Tregitopes

3

Pool 17

Figure 3. IL-10 secretion in PBMC
cultures from healthy adult donors in
response to peptide pools. About 2105
PBMC/well derived from six healthy
adult donors were cultured with pools of
two Fc peptides (Table 3) for 4 days in
the absence of exogenous lymphokines.
IL-10 secretion by nTreg in response to
peptide stimulation served as a read out
in these experiments and was
measured in culture supernatants by
ELISA on day 4.

Green underline indicates Tregitope 9-mer that was split
VVTVPSSSL (Pool 7) also has 3 hits but is not a green Tregitope on ISPRI

Pool 6

Pool 7

Pool 8

Pool 5

Figure 1. nTreg fine specificities in sub-
acute and convalescent KD subjects. About
2105 PBMC/well derived from 10 sub-acute
and 6 convalescent KD subjects were
cultured with pools of two Fc peptides
(Table 3) for 4 days in the absence of
exogenous lymphokines. IL-10 secretion in
response to peptide stimulation was
measured in culture supernatants by ELISA
on day 4. Subjects 5 and 6 both developed
CAA and IL-10 secretion was noted in their
PBMC cultures incubated with peptides from
Pools 28 and 6, respectively.

Kawasaki Healthy

Pool 18

Pool 19



Peptide Pool Reactions – “Non”-Tregitope*
*not included in ISPRI / nor patents because HLA-restricted

3

Figure 1. nTreg fine specificities in sub-
acute and convalescent KD subjects. About
2105 PBMC/well derived from 10 sub-acute
and 6 convalescent KD subjects were
cultured with pools of two Fc peptides
(Table 3) for 4 days in the absence of
exogenous lymphokines. IL-10 secretion in
response to peptide stimulation was
measured in culture supernatants by ELISA
on day 4. Subjects 5 and 6 both developed
CAA and IL-10 secretion was noted in their
PBMC cultures incubated with peptides from
Pools 28 and 6, respectively.

Figure 3. IL-10 secretion in PBMC
cultures from healthy adult donors in
response to peptide pools. About 2105
PBMC/well derived from six healthy
adult donors were cultured with pools of
two Fc peptides (Table 3) for 4 days in
the absence of exogenous lymphokines.
IL-10 secretion by nTreg in response to
peptide stimulation served as a read out
in these experiments and was
measured in culture supernatants by
ELISA on day 4.

Kawasaki Healthy

These peptides each have between 1 and 3 EpiMatrix hits for HLA-DR alleles
None of these peptides have any predicted binding motifs (at top 5% cutoff) for HLA-DP and -DQ alleles on IEDB

Most are highly HLA restricted – and thus while, in principle, they are Treg epitopes, they are not Tregitopes 
(druggable Treg epitopes). 



“We didn’t know what we didn’t’ know” …
… But what we know now . . . 

ü Tregitope sequences are highly conserved in similar autologous proteins

ü Almost all Tregitopes exhibit single 9-mer frames predicted by our EpiMatrix epitope 
prediction algorithm to bind to at least four different HLA DR alleles
àlikely to be broadly recognized in the human population

ü Other possible Tregitopes exist in IgG (see Franco and Sette publication – these are 
more HLA restricted. 

ü In response to incubation with Tregitopes, (in vitro and in vivo) T cells exhibit a T 
regulatory phenotype (CD4+CD25+FoxP3+) 

ü Perhaps most important: Co-incubation of Human T cells with Tregitopes and 
immunogenic peptides inhibits effector T cell (Teff) response, suppresses antigen-
specific secretion of effector cytokines and induces antigen-specific tolerance.



Tregitope

1  +  1 - 1     =  Response

Adjust for Treg epitopes when 
Measuring Immunogenic Potential 

T cell response depends on:

T cell epitope content – Tregitope content + HLA of subject

Peptides OR Antibodies:
epitopeepitope

EpiVax - Confidential



Can we assess antibody immunogenicity in silico? 
Without Tregitope Adjustment

y = 0.2237x + 4.4515
R² = 0.1685
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Using Raw Scores to Predict Immunogenicity
VISILIZUM AB HUJ591

LEUKA RREST AVA STIN

XOLAIR HERCEPTIN

SYNAGIS SOLIRIS

SIM ULECT VECTIBIX

MYLOTA RG REOPRO

LUCENTIS BIVATUZUMAB

TYSABRI HUM ICA DE

HUM IRA ZENAPAX

REMICADE RITUXAN

CAM PA TH RAPTIVA
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y = 0.0086x2 + 0.6727x + 13.32
R² = 0.7623
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Using Tregitope-adjusted Scores to Predict Immunogenicity

VISILIZUM AB HUJ591

LEUKA RREST AVA STIN

XOLAIR HERCEPTIN

SYNAGIS SOLIRIS

SIM ULECT VECTIBIX

MYLOTA RG REOPRO

LUCENTIS BIVATUZUMAB

TYSABRI HUM ICA DE

HUM IRA ZENAPAX

REMICADE RITUXAN

CAM PA TH RAPTIVA

Can we assess antibody immunogenicity in silico? 
With Tregitope Adjustment

Failed in 
trials?

High ADA Risk
First-Gen Chimerics

Low ADA Risk

Medium
ADA Risk

Yes!
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y = 0.0086x2 + 0.6727x + 13.32
R² = 0.7623
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Using Tregitope-adjusted Scores to Predict Immunogenicity
VISILIZUM AB HUJ591

LEUKA RREST AVA STIN

XOLAIR HERCEPTIN

SYNAGIS SOLIRIS

SIM ULECT VECTIBIX

MYLOTA RG REOPRO

LUCENTIS BIVATUZUMAB

TYSABRI HUM ICA DE

HUM IRA ZENAPAX

REMICADE RITUXAN

CAM PA TH RAPTIVA

PAT1- ORG PAT2- ORG

PAT3- ORG PAT4- ORG

PAT5- ORG PAT6- ORG

PAT1- MOD PAT2- MOD

PAT3- MOD PAT4- MOD

PAT5- MOD PAT6- MOD

Can we predict antibody immunogenicity? 
Prospectively?

High ADA Risk
First-Gen Chimerics

Low ADA Risk

Medium
ADA Risk

Yes!

EpiVax - Confidential



What happens when you don’t correct for Tregitopes? 
Recent publication showing EpiBase vs. EpiMatrix (ISPRI)



EpiVax antibody immunogenicity prediction is correct for the 4 mAbs
(EpiBase prediction incorrect)

The average difference between observed and predicted ADA based on Tregitope-adjusted EpiMatrix score (5.49) is
smaller than that of Epibase (30.25).

Tregitope-adjusted EpiMatrix score more accurately predicted immunogenicity than EpiBase



Emicizumab – low immunogenicity antibody 
produced by Chugai using ISPRI

Tregitope-adjusted EpiMatrix score was used to advance this drug to the clinic: non immunogenic



After thorough comparison ISPRI vs. EpiBase
Chugai chooses ISPRI: Press Release from 2014

http://epivax.com/blog/chugai-licenses-ispri-and-optimatrix-platform-from-epivax-for-de-risking-biologics



Tregitope

1  +  1 - 1     =  Response

Take away: Adjust for Treg epitopes when 
Measuring Immunogenic Potential 

T cell response depends on:

T cell epitope content – Tregitope content + HLA of subject

Peptides OR Antibodies:
epitopeepitope

EpiVax - Confidential



Relevance of Tregitope to monoclonal antibodies

• Tregitopes can be found in mAb sequences

• Correcting “predicted immunogenicity” for Tregitopes improves predictions

• Impact of HLA-restriction on T eff and T reg response is still important

• Retrospective and prospective correlations are published. 



2014 FDA Guideline: 
. . . Tregitopes tolerize - do not remove Treg epitopes

References are to work done by EpiVax Group



You asked: “Why are they Treg epitopes?”
We answered . . . 

Mature 
APC

T regT eff

• MHC binding is the same. Not weaker or stronger. 

• These epitopes are present in prevalent proteins. 

• Maybe there are ‘natural’ T regs trained in the 

thymus that are reinforced in the periphery? 

• Yes. 

EpiVax - Confidential



EpiVax - Non Confidential 61

Novel Discovery – Treg Epitopes in Pathogens
Immune Camouflage

1/28/19



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.

TCR

MHC

MHC/HLA

TCR

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

different MHC-facing residues

Find predicted 9-mer ligands with:

EpiVax - Non Confidential

JanusMatrix 2013
A New Way to Search for Homology with Self

62

Moise L et al. Hum Vaccin Immunother. 2013 
Jul;9(7):1577-86

JanusMatrix

1/28/19



Peptide from a drug, antigen, etc.
9-mers that bind HLA
9-mers from human genome that present 
same TCR face
Source proteins of the human 9-mers

EpiVax - Non Confidential

Networks used to provide visual map of epitope cross-
conservation

631/28/19



EpiVax - Non Confidential

Published example from HCV
Teff  vs. Treg epitopes identified by JanusMatrix

64

Source 9-mer epitope

Human protein with 
cross-conserved epitopes

Cross-conserved
human 9-mer epitope

Source (pathogen) 
protein

HCV Vaccine epitopes example
All Induce T effector response  

HCV epitope
Induced Treg response 

Losikoff PT, Mishra S, Terry F, Gutierrez A, Ardito MT, Fast L, Nevola M, Martin WD, Bailey-Kellogg 
C, De Groot AS, Gregory SH. HCV Epitope, Homologous to Multiple Human Protein Sequences, 
Induces a Regulatory T Cell Response in Infected Patients. J Hepatol. 2014 Aug 22. pii: S0168-
8278(14)00613-8. doi: 10.1016/j.jhep.2014.08.026.

1/28/19
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Relevance to Biologics – EIP – AbiRisk Study
Non-IgG Tolerated Epitope in Infliximab

651/28/19 EpiVax - confidential 65

AIM: “Analyze the functional characteristics of IFX-specific T cells, in particular their 
capability to produce biologically active regulatory cytokines”
METHODS: “Drug-stimulated PBMCs or coculture systems were used to detect memory T 
cells in treated patients. The cytokines produced by IFX-specific T cells, T cell lines, and T 
cell clones were evaluated at the mRNA and protein levels”
CONCLUSIONS: “Drug infusion induced an increase in IL-10 serum levels in vivo, whereas 
other cytokines were unchanged…IFX-specific T cells as a source of biologically active IL-10 
and suggest interference by IL-10–producing cells in the detection of drug-specific T cells

JanusMatrix Human 
Homology Score*: 2.94

*in the context of eight HLA-DR 
alleles



MAPPS vs. ISPRI -Predicted Epitopes
MAPPS does not define PHENOTYPE of response

Green Box: JanusMatrix ≥3 or 
Tregitope
Red Box: JanusMatrix <3
Putative Treg or tolerated epitope

For all antibodies: 
IgG1: HC backbone
Ig Kappa: LC backbone

All positions are relative

Green – Tregitope 
or High JanusMatrix (Human) 
Score

EpiVax - Confidential

Annette Karle – Months of hard work!

MAPPS assays give patient-level data.

In silico analysis is fast and gives a 
very good assessment of 
immunogenicity risk. 

In silico data can provide putative 
phenotype and  population-level risk. 



secukinumab (COSENTYX) anti-IL17A: in silico 

Homology to Human 

Proteome 

VH_CL76

Immunogenicity risk 

CL_76 : low (High janus score)

CL56: low (low immunogenicity score) 

Secukinumab: low (observed <1%)

EpiMatrix 

Score/Janus  

67

VH_CL76 (20.8) 

VH_CL56 (0.8) 

yellow = epitopes able to bind at least four HLA-DR alleles

bold underlined =clusters of HLA DR binding epitopes

red = CDRs (enhanced chothia method)

Hi JMX 

Score

Low 

EMX

Score

Analysis: Jad MaamaryPresentation by D. Montgomery at PEGS

EpiMatrix, ClustiMer and JanusMatrix put to use in a recent study by Diane Montgomery of Merck
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Also Relevant to Cancer
Melan A (MAR1, Uniprot ID: Q16655) 

Peptide 1; JanusMatrix Score: 9.37 Peptide 2; JanusMatrix Score: 1.14

Source 9-mer epitope

Human protein with cross-
conserved epitopes

Cross-conserved human 
9-mer epitope

Source peptide

Source protein

Denote nodes connecting 
back to source protein
Denote nodes connecting to 
other human proteins



iTEM to find HLA restricted tolerance 
+ JanusMatrix to find Treg/Tolerated epitopes = J-iTEM

Mature 
APC

T regT eff



J-iTEM
Janus adjusted Individualized T cell epitope Measure

For each volunteer, we calculated a J-iTEM score for that peptide.
Example shown for volunteer XXX for peptide 48

Protein ID Protein Description Start
Position Sequence Cluster

Score

Number 
Of

HUMAN
Matches*

Janus
HMLGY
Score**

DRB1
*0101

DRB1
*0301

DRB1
*0401

DRB1
*0701

DRB1
*0801

DRB1
*0901

DRB1
*1101

DRB1
*1301

DRB1
*1501

RH5_305-326 (Peptide 48) 305-326 DEYNTKKKKLIKCIKNHENDFN 9.7 8 1.55
DB Ver: September 03, 2017 EpiMatrix Ver: 1.2

DRB1
*0101

DRB1
*0301

DRB1
*0401

DRB1
*0701

DRB1
*0801

DRB1
*0901

DRB1
*1101

DRB1
*1301

DRB1
*1501

305 DEYNTKKKK 0 -0.61 -0.24 -0.78 -1.15 0.58 -1.02 0.67 -0.01 -0.6
306 EYNTKKKKL 0 0.46 -0.18 -0.64 0.85 0.87 0.65 0.22 0.85 0.54
307 YNTKKKKLI 7 1.19 1.75 -0.11 1.65 2.8 1.66 1.89 2.38 0.82

sp|P56559|ARL4C_HUMAN ADP-ribosylation factor-like protei... 47 FNTEKIKLS 1.53 1.21 1.94 1.81 0.93 1.11 1.72 1.18 0.38
sp|A2A2Z9|AN18B_HUMAN Ankyrin repeat domain-containing pr... 492 FNTLKGKLR 2.65 1.27 1.76 1.89 2.26 1.34 1.72 1.69 1.57
sp|Q8IVF6|AN18A_HUMAN Ankyrin repeat domain-containing pr... 483 FNTLKGKLR 2.65 1.27 1.76 1.89 2.26 1.34 1.72 1.69 1.57
sp|Q9P2D7|DYH1_HUMAN Dynein heavy chain 1, axonemal 2551 INTAKLKLV 1.07 1.42 0.7 1.87 1.3 1.9 1.24 1.59 1.9
sp|Q6ZWJ1|STXB4_HUMAN Syntaxin-binding protein 4 311 VNTLKEKLL 1.48 0.79 0.6 2.18 1.35 0.83 1.34 1.21 1.37
sp|P62487|RPB7_HUMAN DNA-directed RNA polymerase II subu... 23 LNTVKQKLF 0.83 0.78 0.32 1.95 0.82 1.68 1.11 1.18 0.24
sp|Q15911|ZFHX3_HUMAN Zinc finger homeobox protein 3 2611 MNTLKRKLE 0.92 1.22 -0.1 0.87 2.42 -0.11 1.36 1.64 0.67

308 NTKKKKLIK 0 -0.56 0.64 -0.44 -0.65 1.59 -0.79 1.32 1.23 -0.08
309 TKKKKLIKC 0 -0.49 -0.28 -0.94 0.11 1.26 -0.65 0.26 0.15 -0.02
310 KKKKLIKCI 0 -0.12 0.33 -0.68 1.7 0.97 -0.09 0.1 0.99 -0.39
311 KKKLIKCIK 0 0.67 0.11 -0.2 0.03 0.92 -0.43 1.98 0.21 0.59
312 KKLIKCIKN 0 0.58 -0.3 1.5 0.74 0.41 0.14 0.76 0.03 0.6
313 KLIKCIKNH 0 -1 -0.47 -0.5 0.44 1.27 0.25 0.3 0.2 -1.24
314 LIKCIKNHE 1 -0.52 1.52 0.06 -0.56 2.94 0.53 0.72 0.86 0.21

sp|Q86Y37|CACL1_HUMAN CDK2-associated and cullin domain-c... 183 LIKKITNHL 1.52 2.08 1.38 2.41 2.09 1.8 1.65 1.72 1.26
315 IKCIKNHEN 0 1.94 0.6 1.99 1.57 0.61 1.15 1.4 0.97 1.28
316 KCIKNHEND 0 -1.41 -0.43 -1.58 -0.64 1.16 -1.03 -0.78 -0.43 -1.27
317 CIKNHENDF 0 -0.62 0.61 0.01 0.76 0.33 0 0.64 -0.17 -0.64
318 IKNHENDFN 0 1.02 -0.2 1.08 1.09 -0.06 0.6 0.14 0.79 0.46

DRB1*0701 iTEM = 1.7 + (1.65 / 2) = 2.52

DRB1*0901 iTEM = 1.66

0701/0901 iTEM = 2.52+1.66= 4.18

DRB1*0701 J-iTEM = 1.7 + (1.65 / 2) = 1.7

DRB1*0901 J-iTEM = 1.66

0701/0901 J-iTEM = 1.7

These two hits each have 2 or more cross-
conserved hits with the human genome i.e. 
JMX=2; could be tolerated/actively tolerogenic

To calculate J-iTEM, we remove these hits from 
the calculation, but deductions are maintained.

USAID analysis for Malaria Study (Leidos/Oxford

http://www.uniprot.org/uniprot/P56559
http://www.uniprot.org/uniprot/A2A2Z9
http://www.uniprot.org/uniprot/Q8IVF6
http://www.uniprot.org/uniprot/Q9P2D7
http://www.uniprot.org/uniprot/Q6ZWJ1
http://www.uniprot.org/uniprot/P62487
http://www.uniprot.org/uniprot/Q15911
http://www.uniprot.org/uniprot/Q86Y37


Clinical Results –Assay Data 
T cells / Oxford (Malaria Vaccine)
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• 288 T cell assays. # <20SFC = 168; # ≥20SFC = 120
• iTEM scores of negative responses <20 are lower than 

iTEM scores of positive responses ≥ 20. p<0.05

• JanusMatrix scores of negative responses <20 are 
higher than JMX scores of positive responses ≥ 20. (ns)

• Combined J-iTEM scores of responses <20 are 
significantly lower than J-iTEM scores of 
responses ≥ 20. p<0.01

• Simon Draper, Oxford

Standard
iTEM

JMX

Without iTEM

J-iTEM

iTEM + JMX

ASTMH presentation EpiVax /Leidos– Confidential – Unpublished – Do not 

Repost

J-iTEM



Take home message from last section:
Individual Tolerance modifies Personal Immunogenicity Risk

• In silico tools now predict T effector and T reg epitopes

• Each person’s HLA may define whether Teff or Treg response dominates.

• Personalized Immunogenicity Risk Assessment is Feasible.

• In Vitro Assays (Treg/Teff) can be used to validate predictions. 



Last section of this talk

• Improving “Quality by Design” using Immune Engineering



Reduce immunogenicity by engineering proteins that

– Remove T cell epitopes – reduce epitopes that induce CD4+ T cell 
epitopes that augment antibody responses.

– Induce Treg response – retain or introduce epitopes that induce 
CD4+ Treg responses that suppress protective antibody and cellular 
responses.

Immune Engineering – for biologics

Engineer out effector T cell epitopes

Engineer in regulatory T cell epitopes



Enhance immunogenicity by engineering proteins that

– Induce good (T) memories – add epitopes that induce CD4+ T cell 
memory responses to augment antibody and cellular responses.

– Recall no bad (Treg) memories – remove epitopes that induce CD4+ 
Treg responses that suppress protective antibody and cellular 
responses.

Immune Engineering – for vaccines 

Engineer in effector T cell epitopes

Engineer out regulatory T cell epitopes



Immune Engineering Vaccines – Avian Flu
Treg epitope discovered – 3 Amino Acids Modified

H7-HA P R Y V K Q R S L L L A T

H3-HA P R Y V K Q N T L K L A T

H7-HA-Opt1 P R Y V K Q N T L K L A T

297 309

297 309

306 318

simultaneous Treg epitope knock-out and Teff epitope knock-in

Wada et al. Sci Rep. 2017; 7(1):1283

Treg Epitope

T Eff Epitope

T Eff Epitope



Opt_1 rH7-HA is better at boosting anti-H7 B cell responses than WT rH7-HA in SCID mice 
reconstituted with human T and B cells

Epitope-Enhanced H7 HA Antigenicity 
“Opt_1 rH7 HA” Optimized with 3 AA changes – Tested in mice by NIID

(Study performed  in collaboration with NIID Japan)

Average
20-fold 

increase 
in  B cell 
response

Average 
5-fold 

increase 
in  

antibody 
titer

Wada et al. Sci Rep. 2017; 7(1):1283



Remove Treg Epitopes and Make Better Vaccines
H7N9 (Avian Flu) example

Identify potential regions where epitopes can be improved 
Remove Treg Epitopes

Result:  20-Fold More Immunogenic

Wada et al. Sci Rep. 2017; 7(1):1283



Engineering Vaccines as an example

• Treg epitopes in vaccine antigens can be discovered using JanusMatrix

• Pathogens use Tregitopes to suppress immune response to themselves

• Modifying the antigen to reduce ‘human-like’ T cell epitopes improves response

• Data is published (please ask for USB drive)
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OptiMatrix = Tool for Improving “Quality by Design” 
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• In silico screening tools, if applied correctly, are a quick and efficient way 
of identifying and modifying:
– Teff epitopes, which promote effector responses to therapeutics
– Treg epitopes, which promote tolerance to therapeutics

• The Immune Engineering concept, drugs can be modified:
– Teff epitopes can be removed à deimmunization
– Treg epitopes can be introduced à tolerization

1/28/19



OptiMatrix – In Silico Immune Engineering
Use OptiMatrix to redesign potentially immunogenic clusters

Frame Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501
Start Stop Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score
254 PRGYFKIRT 262 -0.23 0
255 RGYFKIRTG 263 -0.2 0
256 GYFKIRTGK 264 -0.19 0
257 YFKIRTGKT 265 -0.9 2.38 2.41 2.51 1.4 2.2 1.98 5
258 FKIRTGKTT 266 -0.83 2.41 2.13 1.69 1.32 1.53 3
259 KIRTGKTTI 267 -0.14 1.44 0
260 IRTGKTTIM 268 0 1.97 1.42 1.48 1
261 RTGKTTIMR 269 -0.21 1.33 0

DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total
2.41 1.97 2.41 2.51 1.69 2.2 1.48 1.98 --
4.79 1.97 2.41 4.64 1.69 2.2 0 1.98 19.68

2 1 1 2 1 1 0 1 9

Scores Adjusted for Tregitope: -- EpiMatrix Score: 13.08 EpiMatrix Score (w/o flanks): 16.05

     Sum of Significant Z scores
     Count of Significant Z Scores

Total Assessments Performed: 64 Hydrophobicity: -0.84 EpiMatrix Score: 13.08 EpiMatrix Score (w/o flanks): 16.05

AA Sequence Hydro-
phobicity Hits

Summarized Results (25-SEP-2009)
     Maximum Single Z score



See Deimmunization Effects on Epitopes in Real Time

Frame Frame DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501
Start Stop Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score Z-Score
254 PRGAFKIRT 262 -0.15 0
255 RGAFKIRTG 263 -0.13 0
256 GAFKIRTGK 264 -0.11 0
257 AFKIRTGKT 265 -0.56 0
258 FKIRTGKTT 266 -0.83 2.41 2.13 1.69 1.32 1.53 3
259 KIRTGKTTI 267 -0.14 1.44 0
260 IRTGKTTIM 268 0 1.97 1.42 1.48 1
261 RTGKTTIMR 269 -0.21 1.33 0

DRB1*0101 DRB1*0301 DRB1*0401 DRB1*0701 DRB1*0801 DRB1*1101 DRB1*1301 DRB1*1501 Total
2.41 1.97 1.42 2.13 1.69 1.32 1.48 1.53 --
2.41 1.97 0 2.13 1.69 0 0 0 8.2

1 1 0 1 1 0 0 0 4
Hydrophobicity: -0.64 EpiMatrix Score: 1.6 EpiMatrix Score (w/o flanks): 4.57

Scores Adjusted for Tregitope: -- EpiMatrix Score: 1.6 EpiMatrix Score (w/o flanks): 4.57

Summarized Results (25-SEP-2009)
     Maximum Single Z score
     Sum of Significant Z scores
     Count of Significant Z Scores

Total Assessments Performed: 64

AA Sequence
Hydro-

phobicity
Hits

T effector Epitopes can be Taken out – and Treg epitopes can be Introduced



Application of OptiMatrix: Alpha Interferon
Remove Epitopes But Preserve Funcation

The modified alpha interferon is not 
only less immunogenic, it is also 

still functional. 



LC

HN

13 Clusters

4 Clusters

•  Two variant LHN/A proteins that contain mutation in BT_H2_WT epitope were designed and produced (Mod 1, Mod2). 
•  No apparent differences in SNAP-25 cleavage function and potency between LHN/A WT and Mod proteins. 

Western blot SNAP-25 cleavage assay 
Variant Protein Assessment: Preserved Function 

LHN/A Mod1  
LHN/A WT 

Target Epitope Selection 

LHN/A WT 
LHN/A Mod1 
LHN/A Mod2 

Log concentration (pg/ml) 

A
bs

or
ba

nc
e 

at
 4

50
 n

m
 

Cell-free light chain activity assay  

LHN/A WT 
LHN/A Mod1 
LHN/A Mod2 

Log concentration (M) 

S
N

A
P 

25
 c

le
av

ag
e 

(%
) 

Untreated 

Sample Mean % cleavage   
at 1000 nM SD 

LHN/A WT 58.70% ± 3.8 
LHN/A Mod1 61.40% ± 3.9 
LHN/A Mod2 65.00% ± 1.4 

Cleavage at maximal 
concentration 

HN Domain In Vitro Immunogenicity Screen: 
•  HLA binding assays validated predictions and 

demonstrated promiscuous binding to HLA types in the 
large majority of the human population. 

•  Predicted epitope clusters are immunoreactive in 
BoNT/A-exposed human donors. 

•  Transport and enzymatic domains from botulinum 
toxins (BoNTs) are platforms for development of 
targeted secretion inhibitors. 

•  The domains derived from BoNT serotype A form the 
LHN/A molecule. 

•  Immunoinformatic analysis using EpiMatrix and 
Clust iMer showed LHN/A bears significant 
immunogenicity potential. 

LHN/A

- 80 -

- 70 -

- 60 -

- 50 -

- 40 -

- 30 -

- 20 -

- 10 -

- 00 -

- -10 -

- -20 -

- -30 -

- -40 -

- -50 -

- -60 -

- -70 -

- -80 -

Thrombopoietin
Erythropoietin

IgA

Fibrinogen-Gamma

Albumin

IgG Fc Region

GM-CSF

Follitropin-Beta

Fibrinogen-Alpha

Beta-2-Microglobulin

Interferon-Beta

GHRH

Tetanus Toxin

Influenza-HA

EpiMatrix Predicted Excess/Shortfall in
Aggregate Immunogenicity Relative to a
Random Protein Standard.

LHN/A 

!  BT_H2_WT elicits strongest and most frequent 
immune responses. 

! Epitope modifications do not perturb variant LHN/A function. 

BoNT/A epitopes identified 
with EpiMatrix BT-H1_WT BT_H2_WT BT_H3_WT BT_H4_WT 

HLA binding 

DRB*0101         
DRB*0401         
DRB*0701         
DRB*1501         

Human T cell 
response   

(donors exposed 
to BoNT/A)     

N=10 

B_1400_N         
B_1401_N N/T N/T N/T N/T 
B_1402_N         
B_1403_N         
B_1404_N N/T       
B_1405_N         
B_1406_N         
B_1407_N         
B_1408_N         
B_1408_N         

De-immunization candidate? N Y Y Y !  BT_H2_WT selected for targeted de-immunization. 

Another Example of OptiMatrix
Deimmunization of Botulinum Toxin



• Incidence of anti-drug antibodies to single agent check point 
monoclonal antibodies is low, considering that immune inhibitory “brake 
is released”: but higher when “more brakes” released
– Pembrolizumab (anti-PD-1): 2% ADA;1 of 4 tested for NABs positive
– Nivolumab (anti-PD-1): 11%; combined with Ipi-38%; ~5% NABs
– Ipilimumab (anti-CTLA4): 1.1%-4.9% ADA: combined with nivo -8.4%
– Avelumab (anti-PDL-1): 4.1%

Combination Therapy // Increased ADA // Reduced Efficacy

Immunogenicity  - Recent Data
Also Relevant to Checkpoint Inhibitors! 

Presentation by Amy Rosenberg, CHI, 2017
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Many Tools are Available

991/28/19

But only ISPRI is 
• Comprehensive
• Commercial Grade
• Includes Unique Tools

ISPRI
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Comprehensive In Silico 
Immunogenicity Risk Assessment – ISPRI vs IEDB

100

Features ISPRI (EpiVax) NetMHC/IEDB

Epitope Prediction ü ü1

Promiscuous T cell epitope discovery ü ü2

Immunogenicity Scale (normalized) ü* X

Personalized Immunogenicity Risk Analysis ü* X

Tregitope Adjustment ü* X

JanusMatrix (TCR facing comparison) ü X

Human/Other Proteome Comparison ü X

High-Throughput Antibody Analysis ü X

Published Validation ü ü3

Expert Consulting Services ü X
1/28/19



ISPRI: Developed for Biologics

• ISPRI is EpiVax’s integrated in silico toolkit for prediction, analysis and reduction of T cell 
immunogenicity of protein therapeutics

• Predictions reduce laboratory work (typically at least 20-fold) and focus development on 
critical protein regions

• In silico immunogenicity screening helps researchers save time, money and effort by 
providing actionable data on protein immunogenicity

EpiVax - Confidential



Biologics developers 
are incorporating 

in silico 
immunogenicity 

risk assessment at an 
accelerating rate

Most Large Pharma Use ISPRI
Cumulative Website Use last 12 months

EpiVax - Non-Confidential



Summary – In Silico Tools for Immunogenicity

• Defining T cell Epitopes In Silico – Yes, we can. 

• Comprehensive Immunogenicity Risk Assessment includes In Vitro

• Defining Tregs In Silico? – Yes, we can. 

• Immune Engineering Immunogenicity and Tolerance? – Yes, we can. 

• Peptides (and their impurities) play by the same rules. 

• Personalizing Immunogenicity Risk ? – Yes, we can.

• . . . Can we  immune-engineer? – Yes, we can.

• Be attentive to potential Treg epitopes! 



Thank you! Questions? 
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Treg epitopes in vaccines and host cell proteins

1061/28/19
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Host Cell Proteins:
High Degree of Conservation with Human Epitopes

What is the impact of the cross-conservation 
between CHO and Human? 

Human CHO
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Example Data Representation
Epitope content vs. humanness

Count of non-human epitopes is shown in parenthesis next to the HCP label.

Increasing humanness à
(>3 is significant)
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HCP17 (14)

HCP16 (0)

Epitope-dense,
Highly Human

Epitope-sparse,
Highly Human

Epitope-dense,
Highly Non-human

Epitope-sparse,
Highly Non-human

HCP18 (3)

HCP11 (23)

HCP6 (11)

HCP14 (167)

HCP24 (33)

HCP2 (9) 

HCP4 (9)

HCP8 (5)

HCP5
(32)

HCP1 (53)

HCP3 (35) 

HCP7 (32)

HCP15
(14)

HCP20 (8)

HCP21
(3)
HCP25

(22)

HCP23
(69)

HCP22(1
2)

HCP13 (6)

HCP19 (17)

HCP12 
(0)

HCP10 
(34)

HCP9 (14)
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Recent ISPRI-HCP Application

BioProcess International (Vol. 13 Issue 4) 
Report that the same HCP (phospholipase B-like 2, PLBL2)
co-purifies with multiple Chinese hamster ovary (CHO)-produced
antibody therapeutics.

http://www.bioprocessintl.com/analytical/downstream-validation/hamster-phospholipase-b-like-2-plbl2-a-host-cell-protein-impurity-in-therapeutic-monoclonal-antibodies-derived-from-chinese-hamster-ovary-cells/


HCP A HCP B

HCP C HCP D

Protein scores are adjusted for “self” T cell epitope content

Low
Self

High
Self

High EpiMatrix Score Medium EpiMatrix Score
HIGH 
RISK

LOW 
RISK

EpiVax - confidential

Foreign vs. Self

How can we assess the risk of HCP contaminants?
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Published Example of Host Cell Protein 
Immunogenicity Analysis

Jawa V et al. AAPS J 2016


