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Immunogenicity: It’s a Problem. 
Immunogenicity: It’s Personal.

Non-human 
antibody:

Immunogenic

“Humanization, the replacement of mouse constant regions and V framework regions for human sequences, 
results in a significantly less immunogenic product. However, some humanized and even fully human sequence-
derived antibody molecules still carry immunological risk.” (Fiona Harding (PDL/Facet), MAbs, 2010)

“Humanized” 

antibody:

Less immunogenic

Multimeric 
Biologic .....?



Immune Response to Protein Therapeutics
Corr. w/T cell epitopes in biologic sequence & HLA

epitope

Protein Therapeutic contains sequences that bind to many different HLA:

epitopeepitope

T cell response depends on:

T cell epitope content + HLA of subject

 “Patient Factors” (EIP)
Jawa V et al. T-Cell Dependent Immunogenicity of Protein Therapeutics Pre-clinical 
Assessment and Mitigation-Updated Consensus and Review 2020. Front Immunol. 
2020
and
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.
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Different HLA, 
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Why T Cells? They help make antibodies in GC
Helper T cells (Follicular Th) drive ADA response

T Cell Activation B Cell ActivationLEADS TO
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How computer algorithms 
identify T cell epitopes by sequence
• Algorithms like EpiMatrix™ are used to predict T cell epitopes

– Matrix-based algorithm predicting linear sequences that bind to HLA (and MHC)
• Can predict class I and class II HLA binding potential

– HLA binding is a prerequisite for immunogenicity
• The EpiMatrix was developed by EpiVax validated / 25 years

Mature 
APC

Epitope 
binding in 

HLA Pocket

Epitope

Protein

Pathogen



Algorithms consider HLA-specific binding 
HLA Restriction of Immune Response (Zinkernagel and Doherty Nobel Prize)

HLA-DR B*0101 EpitopeHLA-DR B*0301 Epitope

epitope

Protein Therapeutic:

epitopeepitope

For a Global Population
Should we assess HLA DR ligands for 

all individuals in population? 
That could be complicated.... 

 

HLA-DR B*07:01



Many different HLA DR in Human Population:
How can we identify ligands for all of these individuals? 

Human Leukocyte Antigens

Mature 
APC

HLA-peptide 
complex

Epitope

Protein

• Class I HLA (endogenous pathway) present epitopes 
that are 9 or 10 amino acids in length

• Vaccines
• Gene Therapy

• Class II HLA (exogenous pathway) bind peptides that 
are longer, but epitopes are 9 amino acids in length

• Protein Therapeutics
• Vaccines
• Gene Therapy
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Supertypes enable 
Broad HLA “Supertype” Coverage

EpiVax tests for binding 
potential to the most common 
HLA molecules within each of 

the “supertypes”* shown to the 
left and right. 

This allows us to provide 
results that are representative 
of >95% of human populations 
worldwide** without needing to 

test each haplotype 
individually.

DR3

DR11
DR8

DR13

DR4

DR7

DR1

DR15
DR9

B07

B44

A24

A01

A03

A02

*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. 

Class II HLA 
“Supertypes” Class I HLA 

“Supertypes”



Using Supertypes, Can Rank
Proteins based on T cell epitope content

Total T cell epitope content = Overall immunogenic potential

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.

epitopeepitopeepitopeProtein 
Sequence

1  +  1  +  1  =  Predicted Immunogenic Potential

Immunogenic potential increases with T cell epitope content

http://epivax.com/wp-content/uploads/2013/09/De_Groot_Moise_StateOfTheArt_CODD_2007.pdf
http://epivax.com/wp-content/uploads/2013/09/De_Groot_Moise_StateOfTheArt_CODD_2007.pdf


Immunogenicity Scale (Normalized)
Class II HLA Protein Immunogenicity Scale

* Average of antibodies known to induce anti-
therapeutic responses in more than 5% of patients

†Average of antibodies known to induce anti-
therapeutic responses in less than 5% of patients

Scale ranks antigens relative 
to a set of antigens with 
known immunogenicity Your Candidate A

Your Candidate B
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But... Some T cell epitopes are not immunogenic
They are tolerated or actively tolerogenic

Mature 
APC

T regT eff

5/3/24

T reg

What epitopes trigger regulatory T cell 
responses? 

TCR face must be relevant!

Relevance to vaccines?
• “Human-like” epitopes are 

 tolerated or tolerogenic.
• Pathogens escape 

immune response in this way. 

Relevance to Biologics
• Treg epitopes 
 can be identified using in 

silico tools.
• Relevant to therapeutic safety 

and efficacy



The TCR-interacting face: Epitope

The MHC-binding face: Agretope

TCR

MHC

MHC/HLA

TCR

How to find Treg epitopes: JanusMatrix 
Tool for finding TCR-Cross-conserved ligands

JanusMatrix – “High Human Homology”

EpiMatrix – HLA binding peptides

Tfr Tregs 
Merci ...
Sam Pine, Karen Heyninck (sanofi), 
Annette Karle et al. (Novartis)....  for revalidation of JanusMatrix



EpiMatrix, JanusMatrix, and Immunogenicity Analysis 
Now Described in detail in the new publication by Mattei et al. 

New!

Immunogenicity Screening and Protein Re-engineering Interface: 
Application to Monoclonal Antibodies
https://www.tandfonline.com/doi/full/10.1080/19420862.2024.2333729

https://www.tandfonline.com/doi/full/10.1080/19420862.2024.2333729


Treg Epitopes in IgG - Tregitopes
Regulatory T cell epitopes are naturally present in IgG

289

167

134
009

029

084

• 15-20 amino acid peptides in conserved IgG regions

• Presentation of Tregitopes is HLA-restricted 

• Tregitopes are presented by multiple HLA

• Highly conserved among IgG molecules

• Induce natural Tregs to modify immune response

Tregitope Sequence

009A VQPGGSLRLSCAASG
029B WVRQAPGKGL
084 FTLTISSLQ
088 YLQMNSLRAEDTAVY
134 FYPREAKVQWKVDNALQS

167 LQSSGLYSLSSVVTVPSSSL
289 YNSTYRVVSVLTVLH

De Groot et al, Blood, 2008



Treg Epitopes in IgG - Tregitopes
Regulatory T cell epitopes are naturally present in IgG

289

167

134
009

029

084

• 15-20 amino acid peptides in conserved IgG regions

• Presentation of Tregitopes is HLA-restricted 

• Tregitopes are presented by multiple HLA

• Highly conserved among IgG molecules

• Induce natural Tregs to modify immune response

Tregitope Sequence

009A VQPGGSLRLSCAASG
029B WVRQAPGKGL
084 FTLTISSLQ
088 YLQMNSLRAEDTAVY
134 FYPREAKVQWKVDNALQS

167 LQSSGLYSLSSVVTVPSSSL
289 YNSTYRVVSVLTVLH

• Tregitopes are among the most common, 
eluted epitopes from IgG. 

• Tregitopes are adjacent and overlapping the 
CDR regions in the VH and VL. 

• They reduce immune responses to nearby 
T effector epitopes.

• The presence of Tregitopes in monoclonals 
is inversely associated  with ADA.

De Groot et al, Blood, 2008



Tregitopes identified in IgG in 2008

EpiVax – Non-Confidential
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General Concept: 
Monoclonal Ab / Other  biologic

Treg

T helper

T helper response
dominates

Treg response
Reduces T helper response

Development of IgG ADA

Limited or no ADA

In general, the HLA-
restricted T cell 
epitope content that 
drives 
immunogenicity may 
be moderated by the 
presence of Treg 
epitopes (Tregitopes) 
that are also HLA 
restricted. 

From: 
Jawa V et al. T-Cell Dependent 
Immunogenicity of Protein 
Therapeutics Pre-clinical 
Assessment and Mitigation-
Updated Consensus and Review 
2020. Front Immunol. 2020

High ADA 
response

Lower ADA 
response

 



Tregitope as (one of the) 
mechanism of action of IVIG

Tregitopes?

Kaveri and Bayry, 
Trends in Immunology 2019



Tregitopes cause Treg to secrete IL-10
(Fc Tregitopes) re-validated by Franco (UCSD)) in 2015/22

Fc position Sequence

21 - 35 TAALGCLVKDYFPEP

26 - 40 CLVKDYFPEPVTVSW

31 - 45 YFPEPVTVSWNSGAL

36 - 50 VTVSWNSGALTSGVH

51 - 65 TFPAVLQSSGLYSLS

56 - 70 LQSSGLYSLSSVVTV

61 - 75 LYSLSSVVTVPSSSL

66 - 80 SVVTVPSSSLGTQTY

121 - 135 SVFLFPPKPKDTLMI

126 - 140 PPKPKDTLMISRTPE

181 - 195 TYRVVSVLTVLHQDW

186 - 200 SVLTVLHQDWLNGKE

271 - 285 NNYKTTPPVLDSDGS

276 - 290 TPPVLDSDGSFFLYS

301 - 315 QGNVFSCSVMHEALH

306 -320 SCSVMHEALHNHYTQ

Tregitope 167 
PAVLQSSGLYSL
SSVVTVPSSSLGTQ

Tregitope 289 
EEQYNSTYRVV
SVLTVLHQDW

Not HLA-DR 
Restricted

Not HLA-DR 
or individual 
HLA-Restricted



What do Tregitopes do IRL (in real life)? 
They modulate antibody development in the LN

Studies with the Tfr-DTR mouse demonstrated that Tfr 
cells potently regulate antibody responses (Clement 
RL et al.).

• Tfr Tregs broadly “inhibit” B cell response

• Lack of Tfr Tregs leads to low-affinity antibodies. 

• Tfr Tregs in the Lymph Node: may serve to restrain 
autoantibodies.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6754271/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6754271/


Clement et al. 
TFR control IgG Maturation / Affinity in GCs



Confirmation: IgG-derived Treg epitopes (Tregitopes)
Activate nTregs and suppress B cell response (Sette)

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.

EpiVax – Non-Confidential



IgG-derived FC epitopes expand Tregs and suppress B cells
Franco/Sette peptides overlap with Tregitopes 167 and 289 

27

http://www.jimmunol.org/content/early/
2021/02/11/jimmun ol.2001009

Franco & Sette. IgG Epitopes Processed and 
Presented by IgG+ B Cells Induce Suppression by 
Human Thymic-Derived Regulatory T Cells (2021) J 
Immunol

Fc position Sequence

21 - 35 TAALGCLVKDYFPEP

26 - 40 CLVKDYFPEPVTVSW

31 - 45 YFPEPVTVSWNSGAL

36 - 50 VTVSWNSGALTSGVH

51 - 65 TFPAVLQSSGLYSLS

56 - 70 LQSSGLYSLSSVVTV

61 - 75 LYSLSSVVTVPSSSL

66 - 80 SVVTVPSSSLGTQTY

121 - 135 SVFLFPPKPKDTLMI

126 - 140 PPKPKDTLMISRTPE

181 - 195 TYRVVSVLTVLHQDW

186 - 200 SVLTVLHQDWLNGKE

271 - 285 NNYKTTPPVLDSDGS

276 - 290 TPPVLDSDGSFFLYS

301 - 315 QGNVFSCSVMHEALH

306 -320 SCSVMHEALHNHYTQ

IgG1 Fc peptides tested for Treg recognition 

Tregitope 167 
PAVLQSSGLYSL
SSVVTVPSSSLGTQ

Tregitope 289 
EEQYNSTYRVV
SVLTVLHQDW

Franco/Sette “Pan-HLA binders” Fig 1E

Franco/Sette “Expand Treg in vitro” Fig 1B

Not HLA-DR 
or individual HLA-Restricted

http://www.jimmunol.org/content/early/2021/02/11/jimmun%20ol.2001009
http://www.jimmunol.org/content/early/2021/02/11/jimmun%20ol.2001009


Now that we’re friends, 
you can call me by my nickname!

I guess we’re 
real now!

I’m a 
Tregitope!



Outline

• Background Enough Already! 
• Individual differences in immunogenicity
• Regional differences in immunogenicity
• HLA-restricted evolution of antibody affinity
• Conclusions



Can we predict individual responses
based on HLA-restriction of Treg and Teff epitopes?

I guess we’re 
real now!

Sophie’s Epitope

Annie’s 

Epitope

Marc’s 

Epitope

Annette’s
Epitope



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 

Individualized T cell Epitope Measure (iTEM)
Can be automated (website developed for Pompe) 

Immunogenicity is 

HLA Restricted

DRB1*0101 is predicted
 to present this peptide 

more effectively 
than DRB1*1501



HLA Restricts also Response to Treg epitopes:
Do individuals respond differently? 

epitope

Treg epitopes can also be HLA-restricted:

epitopeepitope

Different HLA, 
Different Immune Response

T effector EpitopeTreg Epitope

HLA-DR B*0101HLA-DR B*0301

Treg Epitope



EpiVax - Non-Confidential

iTEM (Individual T cell Epitope Measure) with JMX
“J-ITEM” Heat Map by HLA DR allele haplotype/Treg epitopes

5/3/24 34

Moving from global immune response … to individual response

iTEM/J-iTEM scores ranging from -62.99 to 8.63
low or high immunogenic potential

Strong

Weak

“iTEM” Heat map of HLA DR-specific T cell responses
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iTEM l(Individualized Immunogenicity Risk)
Report for GAA – by HLA DR allele

GAA: Look for immune tolerance to tolerogenic epitopes
Both T eff and Treg are relevant to ADA development and can be predicted. 
Note that most scores are above negative 23, the median for Hu Secretome 

High iTEM
High Risk



EpiVax - confidential

iTEM l(Individualized Immunogenicity Risk)
Report for GAA – by HLA DR allele

GAA: Look for immune tolerance to tolerogenic epitopes
Both T eff and Treg are relevant to ADA development and can be predicted. 
Note that most scores are above negative 23, the median for Hu Secretome 

High iTEM
High Risk
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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 for Pompe Patients
Complete Cohort – CRIM-Positive & CRIM-Negative

5/3/24 37

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

**

De Groot et al. 2019

Lots of 
epitopes 

presented

Few 
epitopes 

presented

High iTEMHigh Risk



Also relevant to T cell assays in vitro
Does presence of Treg epitopes modulate response? 



EpiVax - confidential

Hamze 2017 RTX/IFX Personalized HLA Analysis (iTEM)
IFNg ELISpot - JanusMatrix Predicts Outcomes

395/3/24

Rituximab TP FP FN TN Accuracy Odds
Ratio

Fisher's Exact 
(2 tailed)

EpiMatrix Cluster 
Score≥10 2 3 7 33 78% >1 0.57

Accounting for High human 
cross-conservation 2 2 7 34

Considering patient HLA 
(5%) 5 2 4 34

Considering patient HLA 
(10%) 8 2 1 34 93% >1 P<0.01

Infliximab TP FP FN TN Accuracy Odds
Ratio

Fisher's Exact (2 
tailed)

EpiMatrix Cluster Score≥10 3 1 6 36 85% >1 0.02*

Accounting for High human 
cross-conservation 3 0 6 37

Considering patient HLA (5%) 8 0 1 37

Considering patient HLA 
(10%) 8 0 1 37 98% >1 P<0.01

Population level 
threshold for 
peptide 
immunogenicity

Using JanusMatrix Algorithm, adjust 
for human cross-conservation 
(tolerated epitopes) and improve True 
Negative count

Considering responding donor 
HLA, we can explain 5 of 9 
positive responses at a strict 
EpiMatrix threshold of 5%, and 
8 of 9 at a more relaxed 
threshold of 10%.

Most IFX positive responses were 
explained by donor HLA at EpiMatrix 
standard threshold. JanusMatrix 
reclassified one FP  to  TN.



EpiVax - confidential

Individualized Immunogenicity Risk (iTEM) 

405/3/24

• With EpiMatrix /JanusMatrix analysis, overall, correlation with T cell response ranges from 
93% to 98%* for Rituximab and Infliximab, respectively. 

• False Positive and False Negative correlations are due to HLA-specificity; post-hoc 
evaluation accounting for HLA restrictions in the results improves correlations as can be 
expected.

• Tolerated or ... Treg epitopes appear to modulate immune responses as measured in in 
vitro assays (Hamze, others) and in vivo (Pompe). 

• (Personal) HLA-restricted immune response to T effector and T reg epitopes drives 
overall immunogenicity.   

Post hoc T cell assay Analysis (Hamze et al.) Conclusion

Take Aways from “Individual” studies:



Outline

• Background
• Individual differences in immunogenicity in vivo and in vitro!
• Regional differences in immunogenicity
• HLA-restricted evolution of antibody affinity
• Conclusions



If individual HLA prevalence differs in regions of the world,
Does ADA risk vary by regional location?

I guess we’re 
real now!

HLA DRB1
09:01

HLA DRB1
03:01

HLA DRB1
04:05

HLA DRB1
07:01

HLA DRB1
15:02



Since ADA responses can interfere with the efficacy of the DMARDS, and HLA-DR-
restricted epitopes are the root cause of the ADA, we hypothesize that population-
specific HLA-DR distributions may help to explain observed differences in 
immunogenicity between global patient groups. 

US/Europe

Hypothesis: Regional HLA DR Differences
impact immunogenicity in Subject Populations

US/Europe

Japanese

Japanese



Individual and population-level variability in 
HLA-DR associated immunogenicity risk of 

biologics used for the treatment of 
Rheumatoid Arthritis

Naonobu Sugiyama, Frances E. Terry, Andres H. Gutierrez, Toshitaka Hirano , Masato Hoshi,
Yasushi Mizuno, William Martin, Shin'ichiro Yasunaga, Hiroaki Niiro, Keishi Fujio, Anne S. De Groot

Pfizer, Inc. Fukuoka University, Kyushu University, University of Tokyo, and EpiVax Inc. (Thank you Sophie T)

Accepted for Publication (Frontiers)!



Example of HLA DR Differences
and Resources for data on Global Prevalence

Five amino acids in three HLA proteins explain most of the 
association between MHC and seropositive RA
Soumya Raychaudhuri ... Paul I W de Bakker ,Nature Genetics 
volume 44, pages 291–296 (2012)

Example of observed differences: HLA DRB1 0301, 0405



Regional Differences in Potential Immunogenicity 
of DMARDS for RA are driven by HLA DR Allele Prevalence

Using COMBINATIONS of HLA DR ALLELES found in Japanese/Asian and ... Caucasian/European
Allele frequency-weighted scores identify significant differences in * regional immunogenicity risks for DMARDS

Different distributions of risk are due to ....COMBINATIONS  of HLA  DR  that are more frequent in certain populations

V

VV
V

V

V

b

b

b

b

• = Supertypes 
Generally higher?

O         



Publication for More Details
https://www.frontiersin.org/journals/immunology/
articles/10.3389/fimmu.2024.1377911/abstract

(1) Analysis of HLA-DR allele haplotypes in RA patient 
populations could improve the selection of DMARDs. 

(2) Certain HLA-DR allele combinations might predispose 
individuals to a heightened immune response towards 
specific biologic DMARDs. 

(3) Differences in the frequencies of higher risk HLA pairs 
in regional populations could also explain any 
differences in the immunogenicity of biologics that are 
observed in regional cohorts participating in studies that 
measure ATA.

(4) In clinical practice, this information could guide 
personalized therapeutic decisions and the selection of 
one biological DMARD over another. 

Conclusions from Publication: 

https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1377911/abstract
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2024.1377911/abstract


Outline

• Background
• Individual differences in immunogenicity
• Regional differences in immunogenicity
• HLA-restricted evolution of antibody affinity
• Conclusions



Why is ‘individual’ immune response relevant to
individual antibody maturation? 

I guess we’re 
real now!

• T effector and Treg epitopes are key to 

individual immunogenicity risk

• As antibodies mature, T cell epitopes 

disappear in an HLA-restricted manner 

(Dekosky, 2021). 

• HLA restriction determines epitope removal.

• HLA-restricted epitopes that change are ... 

Tregitopes!



Published Data showing that T cell epitopes (Tregitopes)
are deleted in an HLA-restricted manner
(collaboration with Brandon Dekosky)



Antibody/B cell receptor (BCR)
Regulatory T cells 
(Treg)

T effector cells

VH

VL

VL

B cell

T effector epitope

Antigen

Tregitopes

Tregitopes

MHC II

• Likely targets of T follicular regulatory 
cells (among other self epitopes).

• Tregitopes are among the most 
common, eluted epitopes from IgG. 

• Tregitopes are adjacent and 
overlapping the CDR regions in the VH 
and VL. 

• They reduce immune responses to 
nearby T effector epitopes.

• The presence of Tregitopes in 
monoclonals is inversely associated  
with ADA.

Hypothesis: T-cell dependent Antibody Maturation
is modulated by Tregitopes

EpiVax - Confidential



T cell epitope content
Donor-specific HLA ligands

VH QSVLTQPPSVSAAPGQKVTISCSGSSSNIGKYSV…
VL QVQLQESGPGLVKPSETLSLTCTVSGGSISSNYW…

EpiMatrix

T-cell dependent Antibody Maturation – Analysis of Jaffee Dataset
Predicting the phenotype of T cells responding to the BCR epitopes

Can we analyze thousands of 
antibodies generated in the 
germinal center from individual 
donors and determine whether 
their HLA-restricted versions of 
Tregitopes are preserved or lost 
during antibody maturation as 
measured by Somatic 
Hypermutation (SHM)? 

T effector epitope

Tregitopes
individual antibody from one 

donor  -what if we have 
thousands?



ISPRI Toolkit 

New!



Analysis of > 2M sequences per year
Global                             Regional   Humanness                       Regulatory/Published Epitopes

Frame 
Start

DRB1*
0101

DRB1*
0301

DRB1*
0401

DRB1*
0701

DRB1*
0801

DRB1*
0901

DRB1*
1101

DRB1*
1301

DRB1*
1501

1

2

3

4

5

6
7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22
23

24

25
26

27

28

29

30

31

32
33

34

35

36

37

38
39

40

41
42

43

44
45

46

47

Promiscuous 
epitope X

Promiscuous 
Epitope Y

Neutral Protein

LOW DEPTH OF COVERAGE/ 
CROSS-CONSERVATION WITH 

HUMAN PROTEOME

1 NVNHKPSNT 0 0.30 -1.06 0.33 1.44 -0.57 0.51 -0.38 0.38 0.04
2  VNHKPSNTK 2 0.71 1.27 1.01 1.41 1.80 0.82 1.44 0.93 0.82
85  VNHKPSNTK 0.71 1.27 1.01 1.41 1.80 0.82 1.44 0.93 0.82
85  VNHKPSNTK 0.71 1.27 1.01 1.41 1.80 0.82 1.44 0.93 0.82
3   NHKPSNTKV 0 0.54 0.25 0.71 0.54 -0.35 0.60 -0.76 0.91 0.72
4    HKPSNTKVD 0 0.26 -0.23 0.15 0.91 0.71 0.71 -0.18 -0.34 -0.47
5     KPSNTKVDK 0 -0.99 -0.10 -0.92 -1.96 0.09 -1.70 -0.22 -0.10 -0.93
6      PSNTKVDKK 0 -0.41 -1.51 -0.13 -0.78 -1.07 -1.43 -1.07 -1.19 -1.75
7       SNTKVDKKV 0 -0.87 -0.65 -0.72 0.43 -0.09 -0.87 -0.45 0.03 -0.33
8        NTKVDKKVE 0 -1.34 -0.43 -1.81 -1.20 0.42 -0.39 -0.30 0.00 -1.01
9         TKVDKKVEP 0 -0.83 0.96 -0.03 -1.75 0.21 0.02 -0.66 -0.15 -1.22
10          KVDKKVEPK 0 -1.17 -0.70 -0.68 -0.77 0.14 -1.56 -0.49 -0.70 -2.39
11           VDKKVEPKS 0 -0.30 0.74 -0.24 -0.36 1.44 -0.37 1.14 1.27 0.12
12            DKKVEPKSS 0 1.10 0.31 0.80 0.97 0.65 1.08 1.19 0.72 0.71

DRB1*
0101

DRB1*
0301

DRB1*
0401

DRB1*
0701

DRB1*
0801

DRB1*
0901

DRB1*
1101

DRB1*
1301

DRB1*
15011-28 NVNHKPSNTKVDKKVEPKSSDKTHTCPP -16.74 2 2

78 EEQYNSTYR 0 -0.47 -0.52 -0.41 -0.24 0.36 0.01 -1.39 0.81 0.19
79  EQYNSTYRV 0 0.94 0.37 1.27 1.06 0.49 -0.02 0.98 0.24 0.50
80   QYNSTYRVV 0 0.55 -0.52 -0.74 0.90 -1.44 1.01 -0.09 -1.30 -0.41
81    YNSTYRVVS 3 1.90 1.42 1.22 1.38 2.26 1.73 1.41 2.20 1.41

Immunoglobulin heavy constant gamma... 179    YNSTYRVVS 1.90 1.42 1.22 1.38 2.26 1.73 1.41 2.20 1.41
Immunoglobulin heavy constant gamma... 176    FNSTYRVVS 1.92 1.68 1.24 1.41 2.28 1.76 1.44 2.45 1.66
Swi5-dependent recombination DNA re... 62    FNSSYNVVK 2.08 2.08 2.39 1.73 1.67 2.33 1.63 1.70 1.60

82     NSTYRVVSV 0 -0.46 -0.95 -0.34 0.30 -0.29 -0.50 -1.09 0.38 -0.52
83      STYRVVSVL 0 0.34 -0.34 -0.47 0.67 0.00 -0.20 -0.46 0.63 -0.18
84       TYRVVSVLT 2 1.49 -0.11 1.19 1.66 0.50 1.39 0.56 0.09 1.19

Immunoglobulin heavy constant gamma... 179       TYRVVSVLT 1.49 -0.11 1.19 1.66 0.50 1.39 0.56 0.09 1.19
Immunoglobulin heavy constant gamma... 182       TYRVVSVLT 1.49 -0.11 1.19 1.66 0.50 1.39 0.56 0.09 1.19

85        YRVVSVLTV 14 1.94 1.24 2.03 2.63 1.05 2.43 2.00 1.57 1.31
Immunoglobulin heavy constant gamma... 183        YRVVSVLTV 1.94 1.24 2.03 2.63 1.05 2.43 2.00 1.57 1.31
Immunoglobulin heavy constant gamma... 180        YRVVSVLTV 1.94 1.24 2.03 2.63 1.05 2.43 2.00 1.57 1.31
Immunoglobulin heavy constant gamma... 179        FRVVSVLTV 1.96 1.50 2.06 2.65 1.07 2.46 2.02 1.83 1.56
Immunoglobulin heavy constant gamma... 230        FRVVSVLTV 1.96 1.50 2.06 2.65 1.07 2.46 2.02 1.83 1.56

Protein C12orf4 540        FRVSSTLTL 2.46 2.46 2.55 2.98 1.45 2.82 2.12 2.23 2.25
Zinc finger protein 160 770        FRVRSSLTT 2.22 0.22 1.68 2.36 1.85 1.54 1.84 1.42 2.34
Zinc finger protein 311 620        FRVSSNLTG 2.31 2.34 2.67 1.63 2.02 2.67 2.44 2.12 2.33
Zinc finger protein 534 208        FRVSSSLTN 2.21 1.62 2.28 2.63 1.65 2.79 2.02 1.41 2.29

Tetratricopeptide repeat protein 28 1531        ERVMSALTQ 1.41 0.16 1.78 1.09 0.82 0.53 1.86 0.17 0.88
Zinc finger protein 454 365        FRVNSSLTE 1.52 2.02 1.96 1.72 2.43 1.10 1.76 2.14 1.45
Zinc finger protein 480 212        FRVSSSLTK 2.00 1.93 2.52 2.32 1.53 2.12 2.27 1.72 2.09

Putative Dol-P-Glc:Glc(2)Man(9)GlcN... 129        QRVLSTLTL 1.67 0.45 1.68 1.59 0.92 0.88 1.29 0.81 1.12
Dol-P-Glc:Glc(2)Man(9)GlcNAc(2)-PP-... 129        QRVLSTLTL 1.67 0.45 1.68 1.59 0.92 0.88 1.29 0.81 1.12

Transcription initiation factor TFI... 279        LRVLSSLTK 2.00 1.19 2.42 1.71 1.83 0.98 2.24 1.55 2.16
86         RVVSVLTVL 0 -0.32 1.09 -0.79 0.21 -0.64 0.79 -0.82 0.74 0.74

DRB1*
0801

DRB1*
0901

DRB1*
1101

DRB1*
1301

DRB1*
1501modified IgG1 with C-term extension 78-99 EEQYNSTYRVVSVLTVLHQDWL 30.46 41 6.79 DRB1*

0101
DRB1*
0301

DRB1*
0401

DRB1*
0701

SSGLYSLSS 67 0.21 1.34 0.63 1.66 0.74 0.83 0.53 1.44 1.00 1.57 1
SGLYSLSSV 68 0.77 -1.20 -0.47 -1.19 -0.08 -0.16 0.20 -0.51 0.76 0.80 0
GLYSLSSVV 69 1.32 0.94 0.80 0.64 1.80 -0.48 1.62 0.21 0.36 0.91 1
LYSLSSVVT 70 1.29 2.41 0.67 2.03 2.08 1.58 1.60 1.32 0.88 2.05 4
YSLSSVVTV 71 1.33 1.95 1.66 1.78 2.46 0.81 2.56 1.02 1.29 0.56 5
SLSSVVTVP 72 1.3 -0.12 0.44 0.42 0.31 -0.55 1.46 -0.59 0.10 -0.86 0
LSSVVTVPS 73 1.3 1.80 1.74 2.23 1.15 1.36 1.54 1.48 1.91 1.57 4
SSVVTVPSS 74 0.79 0.03 -0.02 0.39 -0.71 -0.04 -0.23 0.67 0.29 -0.13 0
SVVTVPSSS 75 0.79 0.67 0.19 0.68 0.55 0.38 0.80 0.03 0.90 0.68 0
VVTVPSSSL 76 1.3 1.77 1.46 1.22 2.44 0.69 2.11 1.02 1.55 2.18 4

# HOMOLOGY % %
HITS IDENTITY SIMILARITY

--  DEQLKSGTASVVCLLNNFYPRE -- -- FPI-1848_CL-15 n/a n/a n/a
1  ***------------------* 82% 88% 521323 -- -- POSITIVE(1)

1  *******--------------- 68% 86% 527219 -- -- POSITIVE(2)

1  *******---------------A 68% 86% 527220 -- -- POSITIVE(1)

1  ****---------------*** 68% 83% 520432 -- -- POSITIVE(1)

1  ****--------------**** 64% 80% 520431 -- -- POSITIVE(1)

1  ***--------------***** 64% 80% 521322 -- -- POSITIVE(2)
Total: 6

TOP 6 
HOMOLOGY 

HITS

SEQUENCE EPITOPE ID T CELL MHC BINDING LIGAND ELUTION

Tregitopes are 
highlighted in green

Alignment to published 
IEDB epitopes

No putative 
regulatory epitopes 
(Tregitopes) = No 
score adjustment

HIGH DEPTH OF COVERAGE/ 
CROSS-CONSERVATION WITH 

HUMAN PROTEOME



Regulatory Effector
Tregitope 
content

Known Tregitopes

JMX high
High cross-

conservation with 
human proteins

JMX low
Low cross-

conservation with 
human proteins

Potentially 
tolerated or 

actively 
tolerogenic

Potential 
T effector 
epitopes

T cell epitope content
Donor-specific HLA ligands

VH QSVLTQPPSVSAAPGQKVTISCSGSSSNIGKYSV…
VL QVQLQESGPGLVKPSETLSLTCTVSGGSISSNYW…

EpiMatrix

JanusMatrix

Tregitope

T effector epitope

Tregitopes

JMX High

And JMX Low (T eff)

T  helper
(Tfh)

Treg
(TfR)

Evaluate SHM vs. T cell epitope content in large dataset
Classify phenotype of epitopes in the BCR sequences



Prediction and classification of T cell epitope content

Jaffe, D.B., Shahi, P., Adams, B.A. et al. Functional antibodies exhibit 
light chain coherence. Nature 611, 352–357 (2022).

Typical analysis of one individual antibody from one 
donor  
  - four donors in Jaffe publication

Class II EpiMatrix Report
Sequence: VH
Frame AA Sequence DRB1*1301 DRB1*1502
Start Z-Score Z-Score
1 XXXXXXXXX -0.11 0.07
2 XXXXXXXXX 0.92 2.28
3 XXXXXXXXX -0.68 0.64
4 XXXXXXXXX -0.07 1.35
5 XXXXXXXXX 0.47 0.83
6 XXXXXXXXX -1.54 -1.77
7 XXXXXXXXX -1.52 -0.81
8 XXXXXXXXX -0.37 -1.09
9 XXXXXXXXX -0.92 0.16
10 XXXXXXXXX 0.08 0.11
11 XXXXXXXXX 2.37 0.82
12 XXXXXXXXX 1.56 2.41
13 XXXXXXXXX -0.67 -0.54
14 XXXXXXXXX 0.01 0.45
15 XXXXXXXXX 0.68 0.96
16 XXXXXXXXX 0.18 0.19
17 XXXXXXXXX 0.78 -0.08
18 XXXXXXXXX 2.29 1.75
19 XXXXXXXXX 0.43 -0.62
20 XXXXXXXXX -0.55 1.74
21 XXXXXXXXX -0.12 0.18
22 XXXXXXXXX -0.45 -0.89
23 XXXXXXXXX -0.42 0.5
24 XXXXXXXXX 0.32 -0.6
25 XXXXXXXXX 0.35 0.48
26 XXXXXXXXX 0.24 0.9
27 XXXXXXXXX -0.21 1.27
28 XXXXXXXXX -1.61 0.07
29 XXXXXXXXX 0.79 0.13
30 XXXXXXXXX -1.09 -0.25
31 XXXXXXXXX -0.47 0.25
32 XXXXXXXXX 0.81 -0.56
33 XXXXXXXXX -0.81 -0.69
34 XXXXXXXXX 1.33 0.31
35 XXXXXXXXX -0.2 -0.13
36 XXXXXXXXX 0.98 2.24
37 XXXXXXXXX 1.26 1.61

Tregitope

Tregitope

EpiMatrix

Tregitope

Hits
Top 1%
Top 5%
Top10%

ü

ü

ü

Typical analysis of one individual 
antibody from one donor 

https://www.nature.com/articles/s41586-022-05371-z
https://www.nature.com/articles/s41586-022-05371-z


What about Tregitopes?
And epitopes with high human homology (JMX high)

Donor-specific HLA-DRB1 
T cell epitope content, 
Tregitope content, and 
potentially tolerated T cell 
epitope content in 
antibody sequences 
decline with SHM, while 
potential T effector content 
increases. 

Memory B cells

EpiVax - Confidential

SHM, %

Total T cell 
epitopes decline

Tregitopes
Decline

JMX high epitopes
Decline

UNPUBLISHED



UNPUBLISHED

Memory B cells

Donor-specific HLA-DRB1 
T cell epitope content, 
Tregitope content, and 
potentially tolerated T cell 
epitope content in 
antibody sequences 
decline with SHM, while 
potential T effector 
content increases. 

SHM, %

What about T effector 
And epitopes with high human homology (JMX high)

Total T cell 
epitopes

T effector (JMX Low) 
epitopes Increase

Donor-specific HLA-DRB1 T cell epitope content, Tregitope content, and potentially tolerated T cell epitope content in antibody sequences decline with SHM, while potential T effector 
content increases. Scatter plot of (A) T cell epitope content and subsets of (B) Tregitope content, (C) JMX high (potentially tolerated) content, and (D) JMX low (potential T effector) content vs. 
SHM. SHM percentages were calculated based on the identify percentage between heavy and light chain V-genes and their corresponding germlines using IgBLAST. Each point represents one 
antibody sequence; points are colored by data density from low (purple) to high (yellow). The number of antibodies per donor is shown at the top of the figure. Spearman ρ correlation and p-values 
are indicated. Linear regression equations and lines (red) are also shown.

UNPUBLISHED



EpiVax - Confidential

Two Independent Datasets: Nearly Identical Results
Different donors, and different HLA restrictions

Current analysis - Jaffe (n=249,958) Previous analysis - Dekosky (n=123,439)

SHM, %

UNPUBLISHED

UNPUBLISHED

UNPUBLISHED

UNPUBLISHED



Outline

• Background
• Individual differences in immunogenicity
• Regional differences in immunogenicity
• HLA-restricted evolution of antibody affinity
• Conclusions



Conclusions – relevant to EIP Conference

• Both Treg (Tregitopes) and T effector (T helper) cells modulate ADA.

• In vitro studies should consider impact of Treg epitopes on outcomes.

• Because T cell response is (HLA) individualized, risk is also individual;

• Because HLA differences are regional, regional differences may occur.

• Treg deletion (impairment) affects evolution of antibody affinity and titer.

• In silico analysis enables assessment of likely  T cell response. 

• Websites can be developed to estimate personal risk of biologics.



The future is calling: Personalized Immunogenicity Risk 
Assessment: It’s Personal



Thank you for your attention!

I guess we’re 
real now!

Ask me anything! 




