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EpiVax and iCubed Introduction:  

 
The team at EpiVax, Inc., led by Dr. Annie De Groot and Bill Martin, has pioneered the development of a set of 
immunoinformatics tools which allows researchers to predict the immunogenicity of peptides and proteins. 
The potential applications of this technology are vast: for instance, one could be to predict which vaccines will 
be most effective or which protein therapeutic drugs will have the possibility of eliciting an adverse immune 
response. It is a powerful research and development tool for designing effective and safe protein/peptide 
based therapeutics. The leaders of EpiVax, Inc. have been resolute in availing these tools to the research 
community. To that end, Dr. De Groot and her team, with funding from an NIH U19 grant, have developed the 
iVAX website where investigators can access their own set of genome sequences, proteins of interest, and 
tools for the analysis of vaccines and diagnostics. Using the iVAX toolkit, researchers can quickly and efficiently 
identify the most reactive proteins contained within a given pathogen, and optimize the antigenic content of 
vaccines. Furthermore, by selecting the highest quality epitopes from a protein sequence new antigens that 
are relevant for vaccine development can be discovered. www.epivax.com  
 
 
The Institute for Immunology and Informatics (iCubed) was established in 2008 under the leadership of Annie 
De Groot, M.D. and Denice Spero, Ph.D., as part of the University of Rhode Island’s emerging Biotechnology 
Program. iCubed’s research focuses on new and safer vaccines, new methods of predicting and treating 
adverse immune responses, and improving tolerance in the case of transplantation. iCubed supports a wide 
variety of training efforts that will provide opportunities to teach the next generation the tools for effective 
vaccine design. 
 
The iCubed excels in immunoinformatics-driven vaccine development, colloquially known as “Gene-to-
Vaccine”. The approach involves computer-driven analysis of genome sequences, selection of immunogenic 
segments, and composition of vaccines in silico. The next step in the process is to validate the vaccine 
candidates in vitro and in vivo, using methods developed in the iCubed laboratories. A wide array of vaccine 
delivery technologies are under evaluation, including monoclonal antibodies, liposomes, and DNA vaccines (De 
Groot with the Department of Defense). Using immunoinformatics tools, research also is being conducted on 
eliminating parts of vaccines that may contribute to deleterious immune responses. Collaborations extend 
internationally to Thailand (Dengue virus), and Mali (HIV, TB, HPV). Cross-disciplinary collaborations exist 
between the iCubed, which is actively developing vaccines using immunoinformatics tools, and the laboratory 
of Geoff Bothun, where the vaccines are being packaged in liposomes for delivery. Research collaborations 
also have been developed with Steve Williams (filaria, Smith College), another investigator that will be 
involved in the iCubed program. In addition, iCubed researchers are actively carrying out field research in 
vaccines that will accelerate the delivery of new vaccines to the developing world; iCubed student researchers 
are collaborating with clinicians in Mali to evaluate ‘knowledge, attitudes and practices’ related to vaccines 
and the efficacy of existing vaccines (such as HPV) in that setting. Each of these cross-cutting areas of research, 
comprising experience that covers the biotech field ‘from gene to vaccine’ is currently being integrated into 
the activities of the iCubed. www.immunome.org   

http://www.epivax.com/
http://www.immunome.org/


 

 



Speaker Biographies 
 

Dr. Keizo Yoshida, PhD. 
EpiVax Asia 
 
Dr. Keizo Yoshida has been an industry professional for 
over 40 years. After obtaining his undergraduate degree 
in Agricultural Biological Chemistry, Dr. Yoshida began 
working for Fujisawa Pharmaceutical Company. During 
this time, he acted as a scientist in the research division 
for 27 years, then became involved in drug 
development for 10 additional years, and completed his 
doctorate degree in Agricultural Biological Chemistry. 
For the past five and a half years, Dr. Yoshida has 
worked for GreenPeptide, a venture company 
originated from Kurume University School of Medicine, 
developing personalized cancer peptide vaccines. He 
was also, the Chairman CMIC Bioresearch Center and is 
now full time at EpiVax Asia.  
 

 
 
Dr. Shingo Niimi, Ph.D. 
Manager of Division of Medical 
Devices 
National Institute of Health Sciences 
(NIHS) 

 
Dr. Shingo Niimi graduated from Tokushima College of 
Pharmacy, and went on to receive his Ph.D. at 
Tokushima College of Medicine at 1984. After working 
at Tokushima College of Medicine as a research 
assistant, he was transferred to Division of Biological 
Chemistry and Biologicals of National Institute of Health 
Sciences. He was promoted to the section director at 
1997 and then manager of Division of Medical Devices 
at 2013. He has been engaged in the approvals of many 
biotechnology-derived drugs. He is a member of 
committees on Japanese Pharmacopeia of biologicals, 
measure for safety of drugs and drug efficacy 
reevaluation, etc.  

 
 
 
Anne S. De Groot,  M.D.  
CEO/CSO: EpiVax  
Professor/Director:  iCubed, 
The University of Rhode 
Island  
 

Dr. Anne S. De Groot earned her B.S. at Smith College 
B.S. in 1978, her M.D. at the Pritzker School of Medicine 
/ University of Chicago (1983), worked on field 
campaigns to vaccinate against measles in Zaire, and 
then trained in Internal Medicine (New England Medical 
Center 1986); earned a research (NRSA) fellowship in 
tropical medicine and vaccinology (NIH, 1986-89), and 
underwent specialty training in infectious disease at 
Tufts New England Medical Center (1989-92). She 
earned board certification in Internal Medicine (1986) 
and Infectious Disease (1992). Having been awarded her 
first R01 as a research fellow at NEMC, she moved to 
Brown University, joined the Medical Faculty (1992-
2011), establishing a productive vaccine research 
laboratory and developing new tools for vaccine design 
(EpiMatrix, Conservatrix, ClustiMer). Having licensed 
these tools from her laboratory at Brown, she 
established EpiVax (1998-present) with business partner 
Bill Martin. In 2008 she was invited to open the Institute 
for Immunology and Informatics (iCubed) at the 
University of Rhode Island. She has served as CEO/CSO 
at EpiVax from 1998 to present and as Director of the 
Institute and Research Professor at University of Rhode 
Island since 2008. Although De Groot is already well 
established in the fields of immunoinformatics and 
vaccinology, the co-discovery of Tregitopes resulted in a 
major shift in her research efforts, to which she has 
added new explorations in autoimmunity and tolerance. 
 

 
 
Dr. Naonobu Sugiyama, MD, PhD. 
JCR- Cert. Rheumatologist SCBU 
Medical Affairs, 
Enbrel Medical Lead of Japan, 
Pfizer, Inc. 
 

 
Dr. Naonobu Sugiyama has both basic research and 
clinical experience in the field of Immunology and 
Rheumatology. He gained his Medical degree (MD) and 
Doctorate degree (PhD) in the field of Rheumatology, 
with a focus on IL-27/WSX signaling associated with 
regulatory T cell, from Kyushu University Japan. He also 
has a wealth of clinical experience as a Board Certified 
Member of Internal Medicine and JCR-board certified 
rheumatologist. He joined Pfizer Japan as a Medical 
Lead of RA/Inflammation. Soon after joining Pfizer 
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(Japan), he initiated an immunogenicity expert forum in 
2013, to differentiate Enbrel (Etanercept) in Japan, and 
introduce the importance of Immunogenicity to 
Japanese physicians and rheumatologist. He has several 
key publications in the field of Rheumatology. 
 

 
Dr. Chris Bailey-Kellogg, PhD 
Associate Professor of Computer 
Science,  
Dartmouth College 
 
 

Dr. Chris Bailey-Kellogg is an associate professor of 
computer science at Dartmouth College.  He earned a 
BS/MS with Sandy Pentland at MIT and a PhD with Feng 
Zhao at Ohio State and Xerox PARC, and conducted 
postdoctoral research with Bruce Donald at Dartmouth.  
He was an assistant professor at Purdue before being 
recruited back to Dartmouth.  He has received an NSF 
Career award and an Alfred P. Sloan Foundation 
fellowship, along with regular grants from the NIH, NSF, 
and other organizations.  Research in his lab focuses on 
embedding computation as a core component in studies 
of protein structure and function, and in engineering 
protein variants.  He conducted his 2011-2012 academic 
year sabbatical at the Institute for Immunology and 
Informatics with Dr. De Groot, where they initiated 
several such projects at the intersection of computation 
and immunology. 
 

 
 
 

 
Ms. Frances Terry, BA 
Bioinformatics Program Manager 
EpiVax, Inc. 
 

 
Frances Terry, BA, is Bioinformatics Program Manager 
at EpiVax, where she oversees informatics-based 
analysis of commercial therapeutics and development 
of genome-derived vaccines. Prior to joining the EpiVax 
team, Ms. Terry amassed expertise in many laboratory 
techniques including flow cytometry, molecular and 
immunological assays, tissue culture and animal 
handling. She has contributed to research projects at 

Brown University and Roger Williams Medical Center, 
most recently developing standard operating 
procedures and serving as primary quality control 
operator for a cGMP drug manufacturing facility. Ms. 
Terry holds a degree in Biological Sciences from Smith 
College, where she investigated gene flow and diversity 
in coastal protozoans and became interested in host-
pathogen co-evolution. 
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•  Why are autologous proteins immunogenic? 
•  How do we find T cell epitopes in silico?  
•  What’s the difference between good T cell 

epitopes and bad ones?  
•  Tregitopes – a paradigm shift 
•  T cell epitope networks  
•  Host Cell proteins 

Outline 

EpiVax	
  

•  Why are autologous proteins immunogenic? 
•  How do we find T cell epitopes in silico?  
•  What’s the difference between good T cell 

epitopes and bad ones?  
•  Tregitopes – a paradigm shift 
•  T cell epitope networks  
•  Host Cell proteins 

Outline 

EpiVax	
  

Why do Autologous Proteins Cause 
immunogenicity?  

Removal of human serum albumin stabilizer 
from epoetin alfa (outside USA) 

Johnson & Johnson Pharmaceutical Research & 
Development LLC. Summary of PRCA case reports. Available 
at: http://www.jnj.com/news/jnj_news/1021024_095632.htm. 
Data as of Sept 2003 

® ® 

Severe Adverse Event – Anti-self Antibodies 

EpiVax	
  

An*gen	
  

Epitope	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  

“Biologics” Drugs are Processed by APC 
JUST Like Vaccines 

EpiVax	
  

T Cell Activation B Cell Activation 

With T Cell Help – Drive Ab Response 
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EpiVax	
  

NO T Cell Activation NO B Cell Activation 

Without T Cell Help – Lose Ab Response 

EpiVax	
  

 

(1) Gene Deletion (FVIII) 

(2) Danger Signal present 

(3) Foreign epitopes (Chimeric, Host Cell proteins) 

(4) Immunogenic but autologous (human) protein 

Category of Immunogenicity by “Biologic”  

EpiVax	
  

≈	
  

Some examples - FVIII 

epitope epitope 

Absent or partially deleted protein drives immune response 

Response may depend on HLA of patient and # epitopes presented 

Autologous 

epitope epitope epitope 

Immunogenicity– Case of “foreign” protein 

epitope epitope epitope 

EpiVax	
  

≈	
  

FVIII example: 25% get ADA 

Regulatory?  

What is role of Tolerance?   
 

Do the epitopes that are conserved contribute to tolerance? 
What is the balance between neo-epitopes and ?Treg epitopes? 

If the patient cannot present the ‘foreign’ epitope what is the effect? 
 

Autologous (deletion or inversion) 

T eff epitope 

Recognized	
  
as	
  foreign	
  

Regulatory?  

Regulatory?  Regulatory?  

Immunogenicity– Case of “foreign” protein 

EpiVax	
  

Experiment of Nature: FVIII + HIV 

When the T cells are Absent in the Host (HIV) 
- the anti-FVIII antibodies are also absent   

FVII 

Autologous (deletion or inversion) 

Evans GD, Mendelson GM, Lever AM, Baglin TP.  Development of autoantibodies and factor VIII inhibitor in an 
HIV-infected haemophiliac following treatment with  combination anti-retroviral therapy. 
Br J Haematol. 1998 Sep;102(5):1382-3. 
 
Werwitzke S, Tiede A, Stoll M, von Depka M. Immune reconstitution inflammatory syndrome (IRIS) as a cause 
for inhibitor development in hemophilia. J Thromb Haemost. 2004 Jan;2(1):193-4.  

Immunogenicity– Case of “foreign” protein 

EpiVax	
  

≈	
  

Some examples – Foreign epitopes 

epitope epitope 

Epitopes that differ from self contribute to immune response  
- this relates to both B and T epitopes 

Example: Bovine insulin, animal-sourced replacement proteins 
Additional (recent) concern: Host Cell Proteins derived from CHO 

Response may depend on HLA of patient and # epitopes presented 

Autologous 

epitope epitope epitope epitope epitope 
Immunogenicity– Case of “foreign” protein 
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EpiVax	
  

Recombinant Human Proteins 

epitope epitope epitope 

If there is circulating autologous protein the patient may be “tolerant”.  
 

Several situations may overcome tolerance: 
 

(1) Inflammation - adjuvants -may overcome tolerance (e.g. Eprex Story) 
(2) Administration of aggregated protein (e.g.. Beta interferon) 

(3) Protein is usually “sequestered” (testes origin) 

Autologous protein 

epitope epitope epitope 

Immunogenicity– Case of autologous protein 

Nutropin	
  Depot	
  Sustained	
  Release	
  

Example: “Particle” of hGH 

Depot	
  More	
  Immunogenic	
  

PLG hGH more immunogenic 

EpiVax	
  

Outline 

•  Why are autologous proteins immunogenic? 
•  How do we find T cell epitopes in silico?  
•  What’s the difference between good T cell 

epitopes and bad ones?  
•  Tregitopes – a paradigm shift 

EpiVax	
  

We use a comprehensive suite of tools and techniques 
for screening and deimmunizing therapeutics: 
  EpiMatrix (CTL / T helper) 
  ClustiMer (Promiscuous Epitopes) 
  Immunogenicity Scale (Ranking Proteins) 
  OptiMatrix (Pinpoint Deimmunization) 
  HLA binding assays (Class I / Class II) 
  Ex-vivo immunoassays (ELISpot, ELISA, Searchlight)  
  HLA Transgenic mice (Class II) 

EpiVax Tools and Techniques 

EpiVax	
  

  How does in silico mapping work? 

Th cell epitopes are linear 
and restricted by MHC (HLA). 

 
 

Because the pockets of the 
HLA are well known, 

interactions with peptides can 
be modeled. 

Peptide  
Epitope 

Sturniolo et al, “Pocket Profiles” Nature Biotechnology (Hammer) 

Mature 
APC 

M
H

C
 II  
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HLA (Human MHC), are comprised of 
a limited number of pockets.  

 EpiMatrix predicts how well a side 
chain will bind to a specific pocket.  

 
8 class II Archytype matrices which 
taken together incorporate 95% of 
human populations (and pockets) 

worldwide. 
 

Each 9-mer/10-mer is analyzed for 
binding potential to each of those 8 

allele matrices. 
 

The EpiMatrix Score describes how 
well the peptide “fits” into the 

pockets.  

Mature  
APC 

MHC II  Peptide  
Epitope 

MHC II Pocket 

Southwood et al. J. Immunology 1998 
Sturniolo et al. Nature Biotechnology, 1999  

Ep
iM
atr
ix	
  

Sco
re	
  
=	
  

10
.5	
  
	
  

EpiVax HLA “Supertype” Coverage 

•   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 >90% of 
human populations worldwide* 
without the necessity of testing 
each haplotype individually. 

  
* Southwood et. al., Several Common HLA-DR Types Share Largely 
Overlapping Peptide Binding Repertoires. 1998. Journal of Immunology. 

EpiVax	
  

1)	
  Iden(fy	
  regions	
  where	
  “posi(ve	
  scores”	
  cluster	
  across	
  alleles	
  

2)	
  These	
  are	
  regions	
  where	
  immunogenic	
  poten(al	
  is	
  concentrated:	
  	
  

DRB1*0101 	
  	
  

DRB1*0301 	
  	
  

DRB1*0401 	
  	
  

DRB1*0701 	
  	
  

DRB1*0801 	
  	
  

DRB1*1101 	
  	
  

DRB1*1301 	
  	
  

DRB1*1501 	
  	
  

Clus*Mer	
  	
  
Method	
  for	
  Finding	
  Regions	
  of	
  High	
  Immunogenicity	
  

	
  Strong	
  bands	
  suggest	
  binding	
  across	
  all	
  “pockets”:	
  Promiscuous	
  epitopes	
  

EpiVax	
  

Roberts	
  CGP,	
  Meister	
  GE,	
  Jesdale	
  BM,	
  Lieberman	
  J,	
  Berzofsky	
  JA,	
  A.S.	
  De	
  Groot,	
  Predic*on	
  of	
  HIV	
  pep*de	
  epitopes	
  by	
  a	
  
novel	
  algorithm,	
  AIDS	
  Research	
  and	
  Human	
  Retroviruses,	
  1996,	
  Vol.	
  12,	
  No.	
  7,	
  pp.	
  593-­‐610.	
  

What Makes Epitopes Really immunogenic? 
Clusters that Contain EpiBars 

ClustiMer - Locates highly immunogenic regions 

EpiBar	
  :	
  A	
  common	
  
feature	
  of	
  highly	
  

immunogenic	
  clusters	
  

EpiBar 

EpiVax	
  

In the same way that a cluster is more immunogenic, for a protein: 
Immune Response = Sum of Epitopes 

T cell response depends on: 
 

T cell epitope content + HLA of subject 
 
 

Protein Immunogenicity can be Ranked  
 
 

epitope 

Protein Therapeutic 

1  +  1  +  1    =  Response 

epitope epitope 

EpiVax	
  

Immunogenicity scale as published 
Predicted Potential for Immunogenicity of Selected Proteins  
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Note- Most common serum proteins have fewer T cell epitopes 
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How	
  Could	
  We	
  Apply	
  to	
  Triage	
  Biologic	
  Leads?	
  
Select	
  for	
  T	
  cell	
  Epitope	
  Content	
  per	
  AA	
  

25 

EpiVax	
  –ISPRI	
  -­‐	
  Immunogenicity	
  Scale	
  	
  

Albumin	
   EPO	
  Protein	
  or	
  mAb	
  

Proteins	
  ranked	
  by	
  T-­‐	
  Epitope	
  content	
  per	
  Amino	
  Acid	
  
	
  

• 	
  De	
  Groot	
  A.S.,	
  Drug	
  Discovery	
  Today	
  -­‐	
  2006;	
  

• 	
  De	
  Groot	
  A.S.,	
  Mire-­‐Sluis,	
  A.	
  Ed..	
  Dev.	
  Biol.	
  Basel,	
  Karger,	
  2005.	
  vol	
  122.	
  pp	
  137-­‐160.	
  	
  

Lead	
  	
  	
  
B	
  

Lead	
  	
  	
  
A	
  

Scaling	
  Immunogenicity	
  

LOW 	
   	
   	
   	
   	
   	
   	
  HIGH 	
  
	
   	
   	
   	
   	
   	
  	
  

EpiMatrix predicted excess/shortfall in 
aggregate immunogenicity relative to a 
random peptide standard. 

- 80     - 
- 70     - 
- 60     - 
- 50     - 
- 40     - 
- 30     - 
- 20     - 
- 10     - 
- 00     - 
- - 10     - 
- - 20     - 
- - 30     - 
- - 40     - 
- - 50     - 
- - 60     - 
- - 70     - 
- - 80     - 

Thrombopoietin 

Human EPO 

Tetanus Toxin 
Influenza - HA 

Albumin 

IgG FC Region 

EBV - BKRF3 

Follitropin - Beta 

A protein score > 20 indicates a 
significant immunogenic potential. 
 
Proteins that have previously been 
demonstrated to be immunogenic have 
higher potential immunogenicity on the 
scale.  
 
T h o s e t h a t h a v e r a r e l y b e e n 
demonstrated to be immunogenicity 
have lower T cell epitope content.  
 

Immunogenicity Scale 
Whole Proteins 

INF-Beta (117.40) 

Botox-A (32.08) 

EpiVax	
  

FVIII immunogenicity 

*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  

- 80     - 
- 70     - 
- 60     - 
- 50     - 
- 40     - 
- 30     - 
- 20     - 
- 10     - 
- 00     - 
- - 10     - 
- - 20     - 
- - 30     - 
- - 40     - 
- - 50     - 
- - 60     - 
- - 70     - 
- - 80     - 

Thrombopoietin 
Human EPO 

Immunogenic Antibodies* 

Tetanus Toxin 
Influenza - HA 

Albumin 

IgG FC Region 

EBV - BKRF3 

Non - immunogenic Antibodies† 

Follitropin - Beta 

Confidential 

Somatotropin 
(26.2) 

Somatotropin contains more T cell 
epitopes than we would expect to find in 
a random protein of the same length. 
 
Its EpiMatrix Protein Score of 26.2 
indicates a significant potential for 
immunogenicity. 

hGH Protein Immunogenicity 

EpiVax	
  

FPX peptide – Preclinical Analysis:  
Immunogenicity at C terminus 

Koren et al. Clinical Immunology, 2007 

Correlation of EpiMatrix Scores  
and Immunogenicity in Human studies 

40% 

37% 

	
  
21.97 

	
  

FPX	
  1	
  	
  

0% 

9.3% 

-111.25 

FPX	
  5	
  

NA 0.5% 12% Neutralizing 
Antibodies 

5.6% 7.8% 53% Binding Antibodies 

-1.76 1.62 34.37 EpiMatrix score 

FPX	
  4	
  FPX	
  3	
  FPX	
  2	
  Protein 

Na:	
  	
  not	
  analyzed	
  
Nega*ve	
  score	
  indicates	
  presence	
  of	
  

Treg	
  epitope	
  

Prospective Study: EpiMatrix Scores  
and Immunogenicity in Human studies 
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EpiVax	
  

Clinical Validation of Predicted 
Immunogenicity 

•  Koren et al. 2007 FPX 
•  Moxness et al. 2008 GDNF 
•  Jawa (Amgen) Comparison of five FPX proteins 
•  Furfine (Adnexus) not published 

ISPRI System 

EpiVax	
  

Outline 

•  Why are autologous proteins immunogenic? 
•  How do we find T cell epitopes  in silico?  
•  What’s the difference between good T cell 

epitopes and bad ones?  
•  Tregitopes – a paradigm shift 

EpiVax	
  

Epitope can be EITHER  
T-eff or Treg 

 
Examples: 

 
Insulin (mice/human) 

 
FVIII (hemophiliacs/ not) 

 
Epo?  

Presence of Epitope indicates Immune Potential 
 

T effector Stimulus 
IL 2, IFN gamma  

T eff T re
g 

EpiVax	
  

New Concept: 
 

Tregitopes induce 
 

tolerance to  
 

protein  
 

Therapeutics 
 
 
 
  

Not all Epitopes are “Bad”  
Some Epitopes are your FRIENDS 

EpiVax	
  

In case of Mabs: Treg epitopes +/- Neo epitopes 

Hypothesized	
  tolerizing	
  mechanism	
  of	
  IgG	
  	
  We	
  have	
  discovered	
  conserved	
  T-­‐cell	
  epitopes	
  in	
  IgG	
  that	
  engage	
  natural	
  
regulatory	
  T	
  cells.	
  We	
  hypothesize	
  that	
  an:body-­‐derived	
  Treg	
  epitopes	
  (dark	
  blue	
  epitope)	
  ac:vate	
  regulatory	
  T	
  cells	
  that	
  
lead	
  to	
  suppression	
  of	
  effector	
  T	
  cells	
  that	
  recognize	
  effector	
  epitopes	
  (red	
  epitope),	
  like	
  those	
  of	
  IgG	
  hypervariable	
  regions	
  
to	
  which	
  central	
  tolerance	
  does	
  not	
  exist.	
  

Tregitopes 
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EpiVax	
  

Outline 

•  Why are autologous proteins immunogenic? 
•  How do we find T cell epitopes  in silico?  
•  What’s the difference between good T cell 

epitopes and bad ones?  
•  Tregitopes – a paradigm shift 
•  T cell epitope networks  
•  Host Cell proteins 

 

EpiVax	
  

New approach to analyzing mAbs . . .  
Immune Response = Sum of Epitopes 

Sum includes + (T effectors) and – (Tregs) scores 

T cell response depends on: 
 

T cell epitope content x HLA – Treg Epitope content x HLA 
 
 

Protein Immunogenicity can be Ranked  
 
 

Treg epitope 

Protein Therapeutic 

1  +  1  - Treg  =   Response 

epitope epitope 

EpiVax	
  

Tregitope-adjusted  
Immunogenicity Scale 

Confidential 39 

- 80    -

- 70    -

- 60    -
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- -80    -

Thrombopoietin

Human EPO

Immunogenic Antibodies*

Tetanus Toxin

Influenza-HA

Albumin

IgG FC Region

EBV-BKRF3

Fibrinogen-Alpha
Non-immunogenic Antibodies†

Follitropin-Beta

PROTEIN_001 (35.13)

Protein Immunogenicity Scale

Proteins Scoring above +20 are
considered to be potentially
immunogenic.

On the left of the scale we
include some well-known
proteins for comparison

- 80     - 
- 70     - 
- 60     - 
- 50     - 
- 40     - 
- 30     - 
- 20     - 
- 10     - 
- 00     - 
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- - 50     - 
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- - 70     - 
- - 80     - 

Thrombopoietin 

Human EPO 

Albumin 

Tetanus Toxin 
Influenza - HA 

Immunogenic Antibodies* 

IgG FC Region 

EBV - BKRF3 

Non - immunogenic Antibodies† 

Follitropin - Beta 

EpiVax	
  

Correla(on	
  of	
  an(body	
  immunogenicity	
  without	
  
Tregitope	
  adjusted	
  EPX	
  Scores	
  

Correlation to observed Immunogenicity before accounting 
for Tregitopes 

R2=0.17 

EpiVax	
  

Correla(on	
  of	
  an(body	
  immunogenicity	
  with	
  
Tregitope	
  adjusted	
  EPX	
  Scores	
  

Accounting for Tregitopes results in more accurate predictions. 

Correlation to observed immunogenicity after accounting 
for Tregitopes 

R2=0.76 

EpiVax	
  

Thus, in some mAbs – NEW epitopes are 
Balanced by Treg Epitopes 

T effector Stimulus 
IL 2, IFN gamma  

T reg Stimulus 
IL 10, TNF alpha  
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EpiVax	
  

In some mAbs –TOO MANY NEW epitopes not 
balanced by Treg Epitopes 

T effector Stimulus 
IL 2, IFN gamma  

T reg Stimulus 
IL 10, TNF alpha  

EpiVax	
  

mAbs can be “binned” 
In Two by Two Table: 

High	
  Tregitope	
  
	
  	
  

Low	
  Tregitope	
  

Low	
  Neo	
  Epitope	
  
	
  

+	
   ++ 	
  	
  

High	
  Neo	
  Epitope	
  
	
  

++ 	
  	
   ++++	
  	
  

EpiVax	
  

Tregitopes, Neo Epitopes and 
Immunogenicity 

   
  
   

  

High	
  Tregitope	
  
Content 	
  	
  

Low	
  Tregitope	
  
Content	
  	
  

Low	
  Neo	
  Epitope	
  
Content	
  

Nuvion	
  (0%)	
   Synagis	
  (1%) 	
  	
  

High	
  Neo	
  Epitope	
  
Content	
  

Humira	
  (12%) 	
  	
   Rituxan	
  (27%) 	
  	
  

It is our belief that Tregitope content is an important determinant of anti-therapeutic 
antibody responses. As shown above, antibodies lacking significant T-helper epitopes 
such as Nuvion and Synagis rarely engender significant anti-therapeutic immune 
responses. On the other hand antibodies containing significant numbers of T helper 
epitopes are much more likely to spawn anti-therapeutic responses unless they also 
contain significant numbers of Tregitopes.  

. De Groot and Martin Clinical Immunology May 2009 EpiVax	
  

Current Hypothesis: Add more Tolerizing Signals  
– Suppress Immunogenicity 

T reg Stimulus 
IL 10, TNF alpha  

Single T effector Stimulus 
IL 2, IFN gamma  

2nd T effector Stimulus 
IL 2, IFN gamma  

In case of Mabs: Treg epitopes +/- Neo epitopes 
Tregitopes – See 2nd PPTer 

EpiVax	
  

Outline 

•  Why are autologous proteins immunogenic? 
•  How do we find T cell epitopes  in silico?  
•  What’s the difference between good T cell 

epitopes and bad ones?  
•  Tregitopes – a paradigm shift 
•  T cell epitope networks  
•  Host Cell proteins 

 
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Do they bind to a 
special T cell 

receptor? 

Do they have 
special MHC 

binding affinity? 
 
 

Or is the difference  
Due to something 

extrinsic to the 
sequence? 

New Concept: Why do Tregitopes Exist?  

Do they bind to a 
special T cell 

receptor? 

Do they have 
special MHC 

binding affinity? 
 
 

Or is the difference  
Due to something 

extrinsic to the 
sequence? 

New Concept: Why do Tregitopes Exist?  

MHC/HLA 

TCR 

TCR	
  face	
  vs.	
  MHC	
  binding	
  face	
  
For the purpose of comparison: 
•  Identical T cell-facing residues 
•  Same HLA allele and minimally different 

MHC-facing residues 

EpiVax	
  

JanusMatrix Publication 

VLQSSGLSYS 
( T cell epitope) 

FLQDSNLYK 
(T cell epitope with 
same TCR face) 

Another human 
protein 

A different human protein 

A human protein 

Source protein 

Epitope Networks: A New Concept 

Predicted 9-mer epitope 
from a source protein 

Human protein where 
cross-reactive epitopes 
are present 

9-mer from human 
prevalent proteome,  
100% TCR face identical 
to source epitope 

Source Protein or 
 large peptide 

Flu	
  and	
  Tet	
  tox	
  epitopes	
  

SNF2 histone 
linker PHD RING 

helicase 

ETAA16 protein

Ankyrin repeat 
domain 18A 

Flu HA308-318

Ubiquitin 
specific 

protease 1 

Poly ADP ribose 
polymerase 

family, member 
9  

Poly ADP ribose 
polymerase 

family, member 
9  

Tetanus 
Toxin830-844 

Olfactory 
receptor, family 
5, subfamily D, 

member 14 
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CEFT	
  Pep*des	
  (immunogenic)	
  	
  
vs.	
  Hu	
  Proteome	
  

Treg-like-Epitope discovered in HCV 

HCV_G1_NS2_794 

Self Microbiome Pathogens 

A 

B 

Different Types of Epitope Networks Emerging Concept:  
Ratio of Cross-reactive epitopes per genome 

 
Table 1. JanusMatrix TCR-cross reactivity frequencies for three types of epitopes. 

Database 

Median cross-reactive hits    
(Ratio, 1x106)a Number of 

T eff epitopes Treg epitopes Randomb Genomes Proteins Amino acids 
CEFT Influenza A Tregs HCV  per database 

Self 
(HG) 

2 0 8.5 23.5 1 1 20,248 11,301,336 
(0.18) (0.00) (0.75) (2.08) (0.09)    

Microbiome  
(HM) 

29 38 31 103 14 204 705,684 218,452,796 
(0.13) (0.17) (0.14) (0.47) (0.06)    

Pathogens 
(HP) 

17 11 19 107.5 10 221 455,237 146,398,849 
(0.12) (0.08) (0.13) (0.73) (0.07)    

 
A"

"
"

" "
B"

" " "Epitope'type' HG# HM# HP#
"

Database' CEFT# Treg# Random#
Treg"vs."CEFT" 0.00' 0.63" 0.62"

"
HG"vs."HM" 0.10" 0.00' 0.00'

CEFT"vs."Random" 0.00' 0.05' 0.11"
"

HG"vs."HP" 0.24" 0.00' 0.00'
Treg"vs."Random" 0.00' 0.01' 0.02'

"
HM"vs."HP" 0.50" 0.15" 0.00'

aRatio of cross-reactive hits per number of amino acids in the comparision database. 
bNine-mer predicted to be an epitope. 
A) P-values of comparisons between ratios across three types of epitopes by database.  
B) P-values of comparisons between ratios across databases by type of epitope.  
Median of cross-reactive for T effector epitopes, T regulatory epitopes, and Random 9-mers are shown. CEFT and Tregs are 
tested as representative sets of T effector and T regulatory epitopes. Examples for both categories are also included; a 
defined Teff epitope in influenza A and Treg epitope for HCV. TCR cross-reactivity with HG, HM, and and selected human 
viral and bacterial pathogens (HP) was evaluated. Ratios of cross-reactive hits by number of amino acids in the comparison 
database are shown in parenthesis. Number of genomes, proteins, and amino acids per database is also shown. P-values of 
the comparison between the distributions of ratios of cross-reactive hits between databases and types of epitopes are also 
shown in sub-tables. Sub-table ⟹ shows comparisons between type of epitopes by database and sub-table ⇓ comparisons 
between databases by type of epitope. Analyses were performed with a 95% confidence level. 

 

hTregitope-IGGC-167  
hTregitope-IGGC-289 

HTREG_IGGC-289 

HTREG_IGGC-167 

 
Same binding 
affinity as T 
effector, no 
difference in TCR 
affinity 

 
Higher density 

of cross-reactive 
network with self 

proteins 

A	
  new	
  defini)on	
  of	
  Treg	
  epitopes?	
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HCV_G1_NS2_794 

Andres	
  H.	
  Gu(érrez,	
  Chris	
  Bailey-­‐Kellogg,	
  Kristen	
  
DaSilva,	
  Frances	
  Terry,	
  	
  Ma[hew	
  Ardito,	
  Lenny	
  Moise,	
  

William	
  Mar(n,	
  Anne	
  S.	
  De	
  Groot	
  
	
  

Immunogenicity 
analysis of HCP 

derived from 
CHO genome 

	
  

Confiden*al	
  not	
  for	
  distribu*on	
  

Why	
  Examine	
  CHO	
  HCP	
  Immunogenicity?	
  
Immune response to HCP (CHO) led to the recent cancellation of two phase 
III clinical trials  
 
The trials were for Inspiration’s IB1001, a recombinant factor IX produced in 
CHO cells.  
 
These trials were cancelled due to the development of anti-Chinese hamster 
ovary (CHO) antibodies at higher levels than expected in patients treated with 
a protein drug.  

We have screened the newly available 
CHO genome with our immunoinformatics 
tools (ISPRI) so as to help drug developers 
reduce HCP immunogenicity risk. A 
website will soon be available at  
http://www.immunome.org. 

Confiden*al	
  not	
  for	
  distribu*on	
  

Immunogenicity scale	
  

SL Cytokine (83.7) 

Lysosomal protective protein (34.82) 

EpiVax	
  

≈	
  

CHO vs. Human – Foreign epitopes 

epitope epitope 

Epitopes that differ from self contribute to immune response  
- this relates to both B and T epitopes 

Example: Bovine insulin 
Response may depend on HLA of patient and # epitopes presented 

Autologous 

epitope epitope 
CHO 

epitope epitope epitope 

Human 

EpiVax	
  

65 

EpiVax	
  –ISPRI	
  -­‐	
  Immunogenicity	
  Scale	
  	
  

Albumin	
   EPO	
  Protein	
  or	
  mAb	
  

Proteins	
  ranked	
  by	
  T-­‐	
  Epitope	
  content	
  per	
  Amino	
  Acid	
  
	
  

• 	
  De	
  Groot	
  A.S.,	
  Drug	
  Discovery	
  Today	
  -­‐	
  2006;	
  

• 	
  De	
  Groot	
  A.S.,	
  Mire-­‐Sluis,	
  A.	
  Ed..	
  Dev.	
  Biol.	
  Basel,	
  Karger,	
  2005.	
  vol	
  122.	
  pp	
  137-­‐160.	
  	
  

HCP	
  with	
  few	
  T	
  cell	
  
epitopes	
  	
  

HCP	
  with	
  mul*ple	
  
New	
  Epitopes	
  

Scaling	
  CHO	
  Immunogenicity	
  

LOW 	
   	
   	
   	
   	
   	
   	
  HIGH 	
  
	
   	
   	
   	
   	
   	
  	
  

EpiVax	
  

CHO vs. Human – Conserved Epitopes 

epitope epitope epitope 

If there is circulating autologous protein that is identical,  
 the patient may be“tolerant” to the CHO protein.  

 
Several situations may overcome tolerance: 

 
(1) Inflammation - adjuvants -may overcome tolerance (e.g. Eprex Story) 

(2) Administration of aggregated protein (e.g.. Beta interferon) 

Autologous protein 

CHO 

epitope epitope epitope 
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JanusMatrix analysis  
of epitopes contained in lysosomal protective protein that are similar to 

(human) self epitopes and probably engage regulatory T cells 

Lysosom
al 

protective 

Lysosom
al 

protective 

EpiVax	
  

Thus, for some CHO proteins – NEW epitopes are 
Balanced by Self Epitopes 

T effector Stimulus 
IL 2, IFN gamma  

T reg Stimulus 
IL 10, TNF alpha  

EpiVax	
  

In some HCP –TOO MANY NEW epitopes not 
balanced by Self Epitopes: Immunogenicity 

T effector Stimulus 
IL 2, IFN gamma  

T reg Stimulus 
IL 10, TNF alpha  

EpiVax	
  

CHO-Self can be “binned” 
In Two by Two Table: 

High	
  Self	
  content	
  
	
  	
  

Low	
  Self	
  content	
  

Low	
  Neo	
  Epitope	
  
	
  

+	
   ++ 	
  	
  

High	
  Neo	
  Epitope	
  
	
  

++ 	
  	
   ++++	
  	
  

EpiVax	
  

Perhaps we could do it this way. . .  
Immune Response = Sum of Epitopes 

Sum includes + (T effectors) and – (Conserved with human) scores 

T cell response depends on: 
 

Neo epitope content x HLA – Conserved epitope Epitope content x HLA 
 
 

Protein Immunogenicity can be Ranked  
 
 

Hu Conserved 

Protein Therapeutic 

(1  +  1)  -  epitope conserved with Human  =   Response 

epitope epitope 

Epitope-Network-Adjusted Immunogenicity scale 

SL Cytokine 
(83.7) 

Lysosomal protective protein 
(34.82) 

We will begin 
by focusing 

here 
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Coming soon: CHOPPI 
http://www.Immunome.org CONCLUSIONS   

 T cells drive immune response to protein therapeutics 
 
Not all T cell epitopes are the same 
 
Treg epitopes in IgG = Tregitopes, a  new concept – correlated 
with immunogenicity 
 
Tregitope – will be presented later today 
 
CHO (Host Cell Proteins) – drives of immune response when T 
cell epitopes differ.  
 
Pre-clinical immunogenicity screening can be done in silico, 
providing the  T-reg predictions have been validated in vitro and 
in vivo 

EpiVax	
  

 
Fearless science 



 



 

  

Break 

    



 



 

  

Case Study: Immunogenicity and Clinical Outcome in RA Treatment   

Presented by: 

Dr. Naonobu Sugiyama, MD, PhD 
JCR-board Certified Rheumatologist 

Associate Director, RA & Inflammation 
Medical Affairs Pfizer Japan 

 
  



 



Notes: 

 

 
  



 



 

  

New Technologies: Immunogenicity, Deimmunization and 3D Modeling 

Presented by: 

Dr. Chris Bailey-Kellogg, PhD 
Associate Professor Computer Science, 

Dartmouth College 
   



 



Notes: 

 

 
  



 



 

  

Lunch 

    



 



 

  

Live Demonstration: In-Silico Immunogenicity Screening Platform (ISPRI)  

Presented by: 

Ms. Frances Terry 
Bioinformatics Program Manager, 

EpiVax, Inc.   
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ISPRI: Interactive Screening and Protein  
Re-engineering Interface 

 

1 

Prepared for: 

Westin Immunogenicity Seminar 

May 09, 2013 

The Immunogenicity Puzzle 

2 
5/2/2013 Confidential 

T Cell Epitopes  
 

AND 
 

“Foreign-ness” 

Aggregation 

“Danger signals” 

Route, Dose, Frequency 

Glycosylation/pegylation 

Etc. 

• Vaccine Design 

• Increase immunogenicity, specificity, breadth 

• Allergy and autoimmunity 
• Identify relevant epitope 

• T cell epitopes to induce tolerance (Tregitopes) 

• Protein Therapeutics 

• Screening and deimmunizing 

 

Immunogenicity: Perspectives 

3 
5/2/2013 Confidential 

EpiVax HLA “Supertype” Coverage 

• 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 >90% of 

human populations worldwide* 

without the necessity of testing 

each haplotype individually. 

  4 

* Southwood et. al., Several Common HLA-DR Types Share Largely 

Overlapping Peptide Binding Repertoires. 1998. Journal of Immunology. 

EpiMatrix 

• 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 

MHC II Pocket 

Peptide  
Epitope 

Mature 
APC 

M
H

C
 II  

T cell epitopes are linear and directly 
derived from antigen sequence 
 
Binding is determined by amino acid 
side chains (R groups) and ‘encoded’ 
in single letter code 

5 
5/2/2013 Confidential 

Epitope Identification 
EpiMatrix is a highly accurate epitope discovery tool 

6 

De Groot and Martin. Reducing risk, improving outcomes: Bioengineering less immunogenic protein therapeutics. 

Clinical Immunology 2009. 131, 189-201. 

Confidential 



How Could We Apply to Triage Biologic Leads? 
Select for T cell Epitope Content per AA 

7 

EpiVax –ISPRI - Immunogenicity Scale  

Low    Neutral    High 

Albumin Tetanus Toxin Protein or mAb 

Proteins ranked by T- Epitope content per Amino Acid 
 

• De Groot A.S., Drug Discovery Today - 2006; 

• De Groot A.S., Mire-Sluis, A. Ed.. Dev. Biol. Basel, Karger, 2005. vol 122. pp 137-160.  

Lead   
B 

Lead   
A 

Scaling Immunogenicity ISPRI 
Interactive Protein Screening and Reengineering Interface 

• EpiVax has developed a secure, interactive work environment that is 

seamlessly linked to EpiVax’s proprietary in silico immunogenicity screening 

toolkit. 

• This interactive biologics screening and optimizing work environment gives 

access to the same in silico tools used by the EpiVax bioinformatics team.  

• ISPRI can be used for high throughput unlimited screening of partial and 

complete sequences of biological (protein therapeutic) candidates.  

• The toolkit can be used to identify within each protein sequence potentially 

immunogenic regions (known as epitope clusters) and to fine map those 

individual amino acids which contribute most to the immunogenic potential 

of the cluster.  

• The output is customized to best fit the needs and preferences of the 

client. 

8 
Confidential 

ISPRI 
Available Tools 

9 

• EpiMatrix 
– Screen the protein sequences of product candidates for the presence of putative T cell epitopes. 

• Immunogenicity Protein Scale 
– Rate the immunogenic potential of each submitted sequence on a normalized scale and compare 

each protein to other immunogenic proteins and antibodies 

• Tregitope Analysis 

– For antibodies, identify within each submitted sequence putative regulatory T-cell epitopes (i.e. sub-

regions contained within the submitted sequences which may relate to natural regulatory T cells and 
which may help to dampen the immune potential of the submitted antibody sequence) 

• ClustiMer 

– Identify T-cell epitope clusters contained within product candidates 

• Immunogenic Cluster Scale 
– Rate the immunogenic potential of each T-cell epitope cluster on a normalized scale and compare 

each T-cell epitope cluster to other well-known immunogenic epitope clusters 

• BlastiMer 

– Blast T-cell epitope clusters against the non-redundant protein or patent database at GenBank 

• OptiMatrix 
– The protein re-design algorithm that provides a list of critical amino acid residues and potential 

amino acid substitutions that are conserved in existing databases (based on published sequences) 

and that do not introduce new epitopes. 

Confidential 

Data Management 

10 

ISPRI Data Management 
Upload Proteins 

11 

5/2/2013 Confidential 

File Manager 
Description 

Confidential 
12 

Confidential 
12 

List of uploaded 

files 
List of optional file 

labels 

List of file sources 

# of proteins in 

associated file 

Date of upload 

User  

labels 



File Editor 
Description 

Confidential 
13 

Confidential 
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Use this button to create an XML archive  

of existing file and analysis results  

Use this button to delete 

existing file 

Use this button to 

update existing file  

Use this button 

to reset to 

original settings 

Protein Analysis 

14 

Protein Analysis 
Protein Summary Report 

Confidential 
15 

EpiVax Immunogenicity Hypothesis As Applied: 
Immune Response = Sum of Epitopes 

16 

T cell response depends on: 

 

T cell epitope content + HLA of subject 

 

Protein Immunogenicity can be Ranked  

 

 

epitope 

Protein Therapeutic 

1  +  1  +  1    =  Response 

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. 

Approach – Whole Antigens 

ISPRI Protein Immunogenicity Scale 
Rates immunogenic potential relative to standardized controls 

17 

EpiMatrix Predicted Excess/Shortfall in 

Aggregate Immunogenicity Relative to a 
Random Peptide Standard 

All scores are adjusted for the presence 

of Tregitopes. 

*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  
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Human EPO 

Immunogenic Antibodies* 
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Influenza - HA 

Albumin 

IgG FC Region 

EBV - BKRF3 

Non - immunogenic Antibodies† 

Follitropin - Beta 

Candidate 2 
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Candidate 1 

ISPRI Protein Detail Report 
Provides detailed map of epitope content 
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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 DIQMTQSPS 9 0.91 0.17 0.35 0.06 0.09 0.86 -0.08 -0.01 0

2 IQMTQSPSS 10 2.15 1.35 2.26 1.58 2.17 1.88 2.24 2.52 6

3 QMTQSPSSL 11 1.11 0.28 0.5 0.96 0.29 0.39 0.9 0.4 0

4 MTQSPSSLS 12 1.87 2.26 2.02 1.88 1.06 1.66 1.79 2.05 7

5 TQSPSSLSA 13 0.51 0.28 1.31 0.69 -0.04 0.54 1.09 1.05 0
. . . . . . . . . . . .
. . . . . . . . . . . .

46 LLIYAASTL 54 1.41 1.08 0.99 2.16 1.54 0.85 2.28 2.3 3

47 LIYFASTLQ 55 1.91 1.85 2.46 2.07 1.79 1.08 1.79 2.1 7

48 IYFASTLQS 56 1.73 2.01 2.68 1.26 1.58 1.82 2.11 2.07 6

49 YFASTLQSG 57 0.64 1.6 0.59 0.32 1.42 1.28 0.04 1.09 0
. . . . . . . . . . . .
. . . . . . . . . . . .

98 FGQGKTVEI 106 0.7 1.9 -0.02 0.2 0.93 0.34 1.41 1.12 1

99 GQGKTVEIK 107 -0.28 -0.84 0.31 0.01 0.03 -0.57 -0.47 -1.24 0

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

2.4 2.26 2.8 3.11 2.41 2.29 2.28 2.52 --

23.41 12.17 15.96 18.16 10.2 13.2 16.47 16.99 126.56

12 6 7 9 5 7 8 8 62

Deviation from Expectation: 38.46 Deviation per 1000 AA: 48.56

Adjusted for Regulatory Epitopes Deviation from Expectation: -21.24 Deviation per 1000 AA: -26.82

Total Assessments Performed: 792

EpiMatrix Report
Accession: YOUR_PROTEIN - Sequence: YOUR_PROTEIN

Maximum Single Z score

Sum of Significant Z scores

Count of Significant Z Scores

AA Sequence Hits

Summarized Results

Assessment 

Hit EpiBar 

EpiMatrix Immunogenicity Score 

EpiMatrix  Tregitope-adjusted Score Confidential 



Epitope can be either  

T-eff or Treg 

 
 

 
Presence of epitope indicates 
 immune potential 

 

T effector stimulus 

IL 2, IFN gamma  

Validation in Clinical Practice 

Compare Immunogenic/Non Imm. Mabs 

22 

EpiMatrix predicted excess/shortfall in 

aggregate immunogenicity relative to a 
random peptide standard. 

All scores are adjusted for the presence 

of Tregitopes. 

*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  
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Thrombopoietin 

Human EPO 

Immunogenic Antibodies* 

Tetanus Toxin 

Influenza - HA 

Albumin 

IgG FC Region 

EBV - BKRF3 

Non - immunogenic Antibodies† 

Follitropin - Beta 

A protein score > 20 indicates a signi-

ficant immunogenic potential. 

Antibodies: A Special Case  
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IgG FC Region

Nuvion (0%)

Avastin (0%)

AB01 (EPX Adjusted Score: -46.98)

AB02 (EPX Adjusted Score: -44.48)
AB03 (EPX Adjusted Score: -44.81)
AB04 (EPX Adjusted Score: -45.81)
AB05 (EPX Adjusted Score: -45.88)

AB06 (EPX Adjusted Score: -47.85)

AB07 (EPX Adjusted Score: -46.99)

AB08 (EPX Adjusted Score: -46.30)

AB09 (EPX Adjusted Score: -47.40)

AB10 (EPX Adjusted Score: -45.88)

AB11 (EPX Adjusted Score: -47.40)

Synagis (1%)

Simulect (1.4%)
Humira (12%)

Bivatuzumab (6.7%)

Remicade (26%) 

Rituxan (27%)

Campath (45%)

Humicade (7%)

Reopro (5.8%)

Tysabri (7%)

LeukArrest (0%)

Herceptin (0.1%)

New drug 
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Due to the presence of Tregitopes, antibodies tend to fall lower 

on the immunogenicity scale. 

We have developed a refined method using regression 

analysis to predict the immunogenicity of antibody sequences 
based on observed clinical responses. 

We have found that a balance in favor of Tregitope (regulatory) 

content over neo-epitope (effector) content is correlated with 
reduced clinical immunogenicity. 
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Tregitope Content 
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Avastin (0%) 

Herceptin (0%) 

Mylotarg (3%) 

Simulect (1%) 

Synagis (1%) 
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Campath (45%) 
Remicade (26%) 

Rituxan (27%) 
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Correlation of antibody immunogenicity without 
Tregitope adjusted EPX Scores 

Correlation to observed Immunogenicity before accounting for Tregitopes 

R2=0.17 

Factoring in Tregitopes. . .  

T cell response depends on: 

 

T cell epitope content – Tregitope content + HLA of subject 

 

 

Protein Immunogenicity can be Ranked  

 

 

epitope 

Protein Therapeutic 

1  +  1  -  Regulatory T cell epitope*    =  Response 

epitope epitope 

Immunogenicity Scale for Monoclonals 
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5/2/2013 Confidential 
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Correlation of antibody immunogenicity with 
Tregitope adjusted EPX Scores 

Accounting for Tregitopes results in more accurate predictions. 

Correlation to observed immunogenicity after accounting for Tregitopes 

R2=0.76 



Confidential 
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Analyzing Antibodies 
Antibody Reports rate immunogenic potential on a standardized scale 

-    80    - 

 

-    70    - 

 

-    60    - 

 

-    50    - 

 

-    40    - 

 

-    30    - 

 

-    20    - 

 

-    10    - 

 

-    00    - 

 

-   -10    - 

 

-   -20    - 

 

-   -30    - 

 

-   -40    - 

 

-   -50    - 

 

-   -60    - 

 

-   -70    - 

 

-   -80    -  

Thrombopoietin 

Human EPO 

Immunogenic Antibodies* 

Tetanus Toxin 

Influenza-HA 

Albumin 

IgG FC Region 

EBV-BKRF3 

Fibrinogen-Alpha 
Non-immunogenic Antibodies† 

Follitropin-Beta 

Ab K  (-38.23) 

Ab E (-16.03) 

Ab N (-53.88) 

Ab P (-70.14) 

Ab B (-00.32) 

Ab A (13.82) 

Ab D (-08.87) 

Ab F (-22.13) 

Ab I  (-25.77) 

Ab O  (-54.26) 

Ab L  (-48.49) 

Ab C  (-02.03) 

Ab M (-52.25) 

Ab H  (-24.99) 

Ab J  (-28.94) 

Ab G (-24.33) 

Application – Germline Abs* 

*Tregitope adjusted 

Cluster Analysis 
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Cluster Analysis 
ISPRI Find T Cell Epitope Clusters 

Confidential 
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ISPRI 
ClustiMer finds promiscuous epitopes 

31 

DRB1*0101  

DRB1*0301  

DRB1*0401  

DRB1*0701  

DRB1*0801  

DRB1*1101  

DRB1*1301  

DRB1*1501  

• T cell epitopes are not randomly distributed throughout protein sequences but instead tend 
to cluster in specific regions.  

• ClustiMer is used to identify T-cell epitope clusters. It identifies polypeptides predicted to 
bind to an unusually large number of HLA alleles. 

• T cell epitope clusters make excellent vaccine candidates: 

– compact; relatively easy to deliver as peptides; highly reactive in-vivo 

• These clusters can be very powerful. One or more dominant T-cell epitope clusters can 
enable significant immune responses to even otherwise low scoring proteins. 

Confidential 

What Makes Proteins Really immunogenic? 
Sequences that Contain EpiBars 

TPIFG Use Only - All other use with permission from EpiVax 
32 

Roberts CGP, Meister GE, Jesdale BM, Lieberman J, Berzofsky JA, A.S. De Groot, Prediction of HIV peptide epitopes by a 
novel algorithm, AIDS Research and Human Retroviruses, 1996, Vol. 12, No. 7, pp. 593-610. 

ClustiMer - Locates highly immunogenic regions 

EpiBar : A common 
feature of highly 

immunogenic clusters 

EpiBar 



Immunogenicity Scale - Peptides 
Cluster Immunogenicity Scale 
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EpiMatrix Predicted Excess/Shortfall in 

Aggregate Immunogenicity Relative to a 
Random Peptide Standard 

Tetanus Toxin (825-850)

NPC NS3 (1248-1267)

Influenza-HA (306-319)

P. Falciparum (72-86)

Human CLIP

P. Falciparum (512-526)

Theoretical Minimum

- 40   -

- -

- 30   -

- -

- 20   -

- -

- 10   -

- -

- 00   -

- -

- -10   -

NAME      ADDRESS    SCORE 

YOUR_PROTEIN1      318-341      31.14

YOUR_PROTEIN1      206-225      17.76

YOUR_PROTEIN1      159-176      13.81

YOUR_PROTEIN1      055-070      13.62

YOUR_PROTEIN1      293-314      10.61

EpiMatrix predicted excess/shortfall in 

aggregate immunogenicity relative to a 
random peptide standard. 

T cell epitope cluster 
 
 
 
 
 

T cell epitope cluster 
 

T cell epitope cluster 
T cell epitope cluster 
T cell epitope cluster 

 
 
 
 

Humira – Case Study 
EpiMatrix Raw Scores 
 

DRAFT 
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With respect to raw EpiMatrix 

scores, Humira scores extremely 

high 

 

Indicates significant potential for 

immunogenicity 

HUMIRA_VH 

HUMIRA_VL 

DRAFT 
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The Humira heavy chain contains a significant neo-

epitopes and a significant number of known 

Tregitopes.  

 

The Humira light chain contains one neo-epitope 

and a significant number of known Tregitopes.  

Tregitope adjusted scores of the submitted 

sequences rate against the same series of 

standard controls. 

Indicates a drop in significant 

potential for immunogenicity 

Humira – Adjusted Immunogenicity Scale 
Tregitope Adjusted Scores 
 

HUMIRA_VH 
HUMIRA_VL 

DRAFT 
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Key Humira Epitopes EMX Scale 
Tregitope Adjusted Scores 
 

Other clusters, when Tregitope adjusted – 

may cause proliferation but phenotype of 

proliferating cells should be evaluated . . . 

Could be Tregitopes 

Two epitopes with high EMX scores are 

expected to contribute to immunogenicity . . . 

HUMIRA_VH            033-048 -01.65

Tetanus Toxin (825-850)

HCV NS3 (1248-1267)

Influenza-HA (306-319)

Human CLIP

Theoretical Minimum

- 40   -

- -

- 30   -

- -

- 20   -

- -

- 10   -

- -

- 00   -

- -

- -10   -

NAME       ADDRESS       SCORE

Tetanus Toxin (586-605)

HUMIRA_VH 076-094 -00.45

HUMIRA_VH 091-113 33.92

HUMIRA_VL             043-065 29.62

HUMIRA_VH             008-031 01.32

HUMIRA_VL             001-015 -02.47

HUMIRA_VL             068-086 01.48
HUMIRA_VH            065-081 01.69

Homology Analysis 
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BLAST Analysis 
Submit Epitope Clusters to BLAST 

Confidential 
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Submit Epitope Clusters to BLAST 
Description  

Confidential 
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Click arrow to select desired File 

Click arrow to select desired protein or leave blank for all proteins 

Chose which database to BLAST against 

40 

BlastiMer 
BLAST helps to find viable substitutions 

Confidential 

• BLAST functions: 

– Submit T cell epitope clusters to NCBI GenBank BLAST 

• Compare to  Non-redundant Database 

  Patent Database 

  Human Sequence Database 

• View Summary or detailed Alignment Reports 

41 

BlastiMer 
BLAST helps to find human-like sequences 

Confidential 

Deimmunization 
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• Identifies those individual amino acids that contribute the 

most to binding affinity across peptide frames and HLA 

alleles.  

• Displays that changes in these “sensitive” amino acids 

can have a disproportional impact on the immunogenicity 

of the underlying sequence. 

• Shows, in real-time, the impact each amino acid 

mutation has on the overall immunogenicity of the 

peptide 

OptiMatrix – Interactive Engineering 
Overview 

Confidential 
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OptiMatrix 
Use OptiMatrix to redesign potentially immunogenic clusters 

Confidential 
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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

OptiMatrix: 



OptiMatrix 
See the effects of amino acid substitution in real-time 

Confidential 
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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

OptiMatrix: 

ISPRI v1.5 
New Features in 2013 

Confidential 
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• Protein Analysis (early 2013) 

– CDR Identification and Scoring Tool 

Using any of the four most popular antibody numbering schemes, identify and 

score CDRs for immunogenic potential 

– Updated Antibody Immunogenicity Regression 

Systematic review of newly released immunogenicity data for licensed 

monoclonals and incorporation into Antibody Immunogenicity Prediction tool 

• Homology Analysis (early 2013) 

– Improved BLAST submission interface and reporting 

Direct identification of successful vs. unsuccessful submissions to NCBI 

BLAST 

– Construction and maintenance of new, local databases 

Investigate and score homology with human and human microbiome genomes 

without releasing proprietary sequences into public search space 

ISPRI v1.5 
New Features in 2013 

Confidential 
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• EpiMatrix v1.3 (late 2013) 

– New curation of known epitope sequences  

Rebuild predictive matrices and add tools for HLA DRB1*0901 and *1201 

 

48 
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• William Martin, Chief Information Officer 

• Tel: (401) 272-2123 (ext. 102) 

• Email: martinb@epivax.com 

• Frances Terry, Immunoinformatics Program Manager 

• Tel: (401) 272-2123 (ext. 124) 

• Email: fterry@epivax.com 

• Jacob Tivin, Immunoinformatics Programmer 

• Tel: (401) 272-2123 (ext. 128) 

• Email: jtivin@epivax.com  

ISPRI Development Team 

EpiVax: Four Core Strengths 
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Applications of the ISPRI System 
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Clinical Validation 
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• Koren et al. 2007 FPX 

• Moxness et al. 2008 GDNF 

• De Groot and Martin Clinical Immunology 2009 

• Jawa (Amgen) 3 low immunogenicity compounds  

in the clinic (in press) 

 

Immunogenicity proof of principle  

in the following PROSPECTIVE* clinical studies: 

*In each of these studies, EpiVax provided screening prior to learning immunogenicity results 

BoNT/A MODs are less antigenic  

and less immunogenic 

Confidential 52 

H_2 is the anonymized locus at which a single (MOD1) or double (MOD2) deimmunizing mutation 

was introduced.  
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

Recall response to modified peptides was decreased compared to wildtype in 

all groups. 

Mice 

immunized 
with wildtype 

or modified 

whole protein 

Correlation of EpiMatrix Scores  

and Immunogenicity in Human studies 

40% 

37% 

 

21.97 

 

FPX 1  

0% 

9.3% 

-111.25 

FPX 5 

NA 0.5% 12% 
Neutralizing 

Antibodies 

5.6% 7.8% 53% Binding Antibodies 

-1.76 1.62 34.37 EpiMatrix score 

FPX 4 FPX 3 FPX 2 Protein 

Na:  not analyzed 
Negative score indicates presence of 

Treg epitope 

Correlation of EpiMatrix Scores  

and Immunogenicity in Human studies 

Preclinical Analysis:  
Immunogenicity at C terminus 

Koren et al. Clinical Immunology, 2007 

Case study:  
HLA/immunogenicity: FPX 

Why is the response to Biologics Variable by Subject? 
Immune Response = Sum of Epitopes 

T cell response depends on: 

 

T cell epitope content + HLA of subject 

 

 

Protein Immunogenicity can be ranked for a population 

However depending on HLA of the individual, results may vary 

 

  

 

 

epitope 

Protein Therapeutic 

1  +  1  +  1    =   iTEM 

epitope epitope 

If the subject only has one allele that can present the epitope, 
the response to the protein may be diminished* 

T cell response depends on: 

 

T cell epitope content + HLA of subject 

 

 

iTEM captures this variability:  

The individualized T-cell Epitope Measure  

 

 

  

 

 

Protein Therapeutic 

EMX score HLA allele #1  +  EMX Score HLA allele #2  . . .    =  iTEM 

 

 

 * Recently confirmed in a large scale studies of HIV/HLA 

epitope 



Individualized T cell Epitope Measure = 
iTEM 

• iTEM = HLA Allele x EMX score + HLA Allele x 

EMX score + . . . = measures potential strength of 

response to antigen 

Can be used to predict which patients (with which 

HLA) will develop an antibody response in a 

clinical trial… 

 

. . . Immunopharmacogenomics 

HLA DRB1 

iTEM Ab conc 

(mg/mL) 

IFN-g 

SFC ratio 

IL-4 

SFC ratio 

*0301/0701 4.75 5.60 1.74 2.60 

*0101/0103 2.83 2.80 2.00 3.34 

*0701/1501 6.25 20.20 26.0 89.0 

*0301 1.67 NA 1.04 1.30 

 

Seq 11-24 

Observed Correlation between HLA Haplotype,  

iTEM , Antibody Concentration and Response 

HLA DRB1 

iTEM Ab conc 

(mg/mL) 

IFN-g 

SFC ratio 

IL-4 

SFC ratio 

*0301/0701 4.75 5.60 1.74 2.60 

*0101/0103 2.83 2.80 2.00 3.34 

*0701/1501 6.25 20.20 26.0 89.0 

*0301 1.67 NA 1.04 1.30 

 

Seq 11-24 

Observed Correlation between HLA Haplotype,  

iTEM , Antibody Concentration and Response 

HA Peptide

1010 720 1142 182 548 940 923 208

36-53 P P P N P N P

43-60 P P N P N N

113-132 P P P P P P P P

359-376 N N

394-411 P P P P P P P

436-453 P P P P P

441-460 N P P P P P

461-480 P P P N P P P P

527-549 P P P P P P P

530-541 P P P P P P P

Pos Neg

Pos 54 6 0.90 PPV

Neg 11 9 0.45 NPV

0.83 0.60

Sensitivity Specificity

χ2: 0.00051

P   True Positive (Prediction of response confirmed)

N   True Negative (Prediction of no response confirmed)

  False Positive (Prediction of response, none observed)

  False Negative (Prediction of no response, response observed)

Six predictions of no response associated with peptide 359-376, a false negative prediction outlier

Three predictions of no response associated with Subject 940, a higher responding outlier

iTEM

Donor ID

Item 2.06 Cutoff - SI 2.0 Cutoff

SI

Correlation between donor HLA (class II) and predicted immune response to peptide – 

“iTEM” score (See Schanen et al Vaccine 2011) 

Further study of Cross Conserved epitopes – T cell recognition based on HLA 

Thus – HLA determines extent to which cross-conserved peptides may protect 

EpiVax: Four Core Strengths 
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Into the Clinic: Immunogenicity Solutions  

Presented by: 

Dr. Annie De Groot M.D. 
Professor and Director, Institute of Immunology and Informatics, 

University of Rhode Island, CEO/CSO, EpiVax 

 
  



 



Notes: 

 

 
  



 



 

 

Quick Update: Rapid Vaccine Design for (H7N9) Pandemic Readiness  

Presented by: 

Dr. Annie De Groot M.D. 
Professor and Director, Institute of Immunology and Informatics, 

University of Rhode Island, CEO/CSO, EpiVax 

 
  



 



Extremely Rapid H7N9 Immunogenicity 
Analysis and Vaccine Design 

Or – 10 steps to Rapid Flu Vaccine Design 

1 

Annie De Groot M.D.  
CEO/CSO 
www.epvax.com  
 

April 28, 2013 

Adapted from a Presentation to NIAID 
Universal Flu Vaccines: Now More than Ever 

EpiVax has a flu SBIR that was scored and we are waiting for a decision about funding 

2 

21 March 2013 
Presented by Annie De Groot MD  
to Rachelle  Salomon, NIH, NIAID, DMID 
EpiVax: Lenny Moise, Frances Terry, Bill Martin 
Mindy Cote, Ryan Tassone, Howie Latimer 
Lauren Levitz, Christine Boyle 
VGTI: Ted Ross 

10 Steps to Making A Vaccine  

1.  Define Disease (identify individuals who fit disease criteria) 

2.  Isolate and Define Pathogen (helps develop diagnostic test) 

3.  Is there Immunity (if not you are in trouble) 

4.  Correlates of Immunity one or many? (Ab? Innate? CMI?) 

5. Critical Antigens - one or many? 

6. Animal Model? Does it predict protection? 

7.  Prototype Vaccine – Obtain Preclinical Proof in Animal Model 

8.  Safety and Toxicity, GMP production, Stability 

9.  FDA “IND” (Investigational New Drug) 

• Clinical trials (Phase I, II, III) 

10. FDA “NDA” (New Drug Application) Approval 

• Distribution / Access  

Before starting a vaccine,  
Consider the 10 steps: 

Emergent H7N9 disease in China 

The Problem: Ongoing Transmission 
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http://www.who.int/csr/don/2013_04_12/en/index.html 

http://pandemicinformationnews.blogspot.com 

http://crofsblogs.typepad.com 

New Case in Beijing 

0%	

10%	

20%	

30%	

40%	

50%	

60%	

70%	

0	

10	

20	

30	

40	

50	

60	

1-
Ap
r	

3-
Ap
r	

4-
Ap
r	

5-
Ap
r	

6-
Ap
r	

7-
Ap
r	

8-
Ap
r	

9-
Ap
r	

10
-A
pr
	

11
-A
pr
	

12
-A
pr
	

13
-A
pr
	

AV
ER
AG
E	

Total	Cases	 Total	Deaths	 New	Cases/Day	 Mortality	Rate	

H7N9	Cases	and	Deaths	-	WHO	Report	

New Case in Beijing 

As of 4/15/2013 

http://www.epvax.com/


Spread to Beijing on 4/13/13 
Spread to Henan on 4/14/ 13 

Spread to Taiwan 
on 4/18/2013 Spread to Hunan 

on 4/28/ 13 

Wide Distribution of Cases 

This picture 
shows the 

geographically 
wide distribution 

of flu cases - 
suggesting 
widespread 

distribution of the 
virus rather than 
a point outbreak.  

 

Beijing 1000 miles 
North of Shanghai 

16 April 2013 – Continued Expansion 

As of 4/12/2013 

http://www.who.int/csr/don/2013_04_12/en/index.html 

http://crofsblogs.typepad.com 
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Epidemiology 

http://gmggranger.wordpress.com/2013/04/17/random-analytics-influenza-ah7n9-virus-mar-apr-2013/ 

Epidemiology 

http://gmggranger.wordpress.com/2013/04/17/random-analytics-influenza-ah7n9-virus-mar-apr-2013/ 



Quick numbers... 28th April 2013 

• Total confirmed human cases of influenza 
A virus H7N9: 125 

• Total deaths attributed to infection with 
influenza A virus H7N9: 23 

• Case Fatality Rate (CFR): 18%  

• Average time from illness onset to first 
confirmation of H7N9 (days): 10  

• Average age of the H7N9-confirmed cases 
(including deaths; years): 60  

• Number of people who have actually 
recovered (after hospitalization): 9 

• Mode age of the H7N9-confirmed cases 
(including deaths; years): 74  

• Average age of the deceased (years): 59  

• Males: 70% of cases, 82% of deaths  

• Younger patients are recovering . . .  

http://pandemicinformationnews.blogspot.com http://www.uq.edu.au/vdu/VDUInfluenza_H7N9.htm 

H7N9 Morbidity and Mortality 
The "New" Flu  

(H1N1 2009 California) 

2009 Worry: CDC - No Cross-reactive Ab 

• Preliminary studies of individuals showed 
that antibodies induced by seasonal 
influenza vaccination were not cross-reactive 
with novel H1N1. 

• What if the T cell epitopes were cross-
reactive? Would that help?  
 

 

 

 

Centers for Disease Control and Prevention. Serum antibody response to a novel 
influenza A (H1N1) virus after vaccination with seasonal influenza vaccine. MMWR 
Morb Mortal Wkly Rep 2009;58(19):521–4.  

Primary immune 
response to 
exposure or 
vaccination 

Exposure or 
Vaccination 

Second Exposure 
Related or 

Unrelated Strain 

. . . if no 
cross-

reactive  
response 

Secondary 
response if strain 

is identical. . . Or if 
cross-reactive  
T cell epitopes 

But – X-reactive T cell response boosts Ab response 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2936654/ 

Time to consider T cell epitopes?  

http://www.ncbi.nlm.nih.gov/pubmed/19660593 

EpiVax Predicted Cross-Protection 



Identified immunogenic and conserved 
Sequences – Predicted Cross Protection 
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De Groot et al. Vaccine 2009;27:5740-7 

We found enough 
Cross- Reactive T cell 
Epitopes  to suggest 

that seasonal Flu 
vaccination or 

exposure may protect 
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Validation that cross-conserved T cell 
epitopes are antigenic 

Schanen et al. Vaccine 2011;29:3299-309 

“Immunized” with Brisbane HA whole Flu vaccine -  Response to X-Conserved T cell epitopes 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130614/ 
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‘FluVax’ cross-conserved T cell epitopes  
are  antigenic 

Schanen et al. Vaccine 2011;29:3299-309 

Schanen et. al – worth a read.  
Shows cross-reactive T cell responses 
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The ”Stealth" Flu  

(H7N9 2013 Shanghai) 

FluVax Status 

• This work recapitulates other projects already 

completed: Complete protection using ONLY T cell 

epitopes (H. pylori, Tularemia, VennVax) 

• Results of these studies suggest conserved influenza 

sequences, important to viral fitness, also may be 

immunologically significant contributors to protection 

against newly emerging influenza strains. 

• The conserved epitope approach promises to answer 

the need for prompt preparedness and delivery of a 

safe, efficacious vaccine without requiring a new 

vaccine for every emergent influenza strain. 

 



What Can We Learn About H7N9?  
(1) Epitopes Novel or Conserved? 

H7N9 Circulating Flu 

Very Poor Cross-Conservation – Only within Internal Proteins 

Which H7N9 Proteins 

Ian Mackey http://www.uq.edu.au/vduVDUInfluenza_H7N9.htm 

Conservation Analysis H7N9: Th 

Conservation  
at  70% 

Conservation  
at  90% 

Conservation  
In HA or 
 NA only 

Poor  conservation in internal proteins for all previously circulating (and seasonal flu vaccine) strains 
Except for internal proteins of H1N1 – 55% conservation with H7N9. 

Conservation Analysis H7N9: CTL 

Poor  conservation in internal proteins for all previously circulating (and seasonal flu vaccine) strains 
Except for internal proteins of H1N1 – 89% conservation with H7N9. 

This is a unique virus 

• Low conservation of HA, NA surface proteins is 
not surprising (completely new strain). 

• Internal proteins are more conserved with H1N1 
“pandemic” influenza CA 2009. 

• And – HA is has unusually low immunogenicity 
see next slides. 

• Could that explain why infection is widespread? 

• Difficult to make antibodies to the HA, and if 
people are asymptomatic, they spread it easily.  

What Can We Learn About H7N9?  
(2) Immunogenicity of HA 

HA (hemagglutinin) is used for Flu vaccines 
 – which are currently in production 
“subunit vaccines” based only on HA.  

http://www.uq.edu.au/vduVDUInfluenza_H7N9.htm
http://www.uq.edu.au/vduVDUInfluenza_H7N9.htm
http://www.uq.edu.au/vduVDUInfluenza_H7N9.htm
http://www.uq.edu.au/vduVDUInfluenza_H7N9.htm


epitope 

Vaccine antigen 

1  +  1  +  1    =  Response 

epitope epitope 

Immune response to a vaccine antigen can be predicted by measuring 
the number of T cell epitopes contained in the antigen with 
immunoinformatics tools.  

How do we measure Immunogenicity?  

Non  
Immunogenic 

proteins 

Immunogenic 
proteins 

“Immunogenicity Scale” 
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A/Brisbane/59/2007(H1N1) A/Shanghai/1/2013 (H7N9) 

A/Brisbane/59/2007(H1N1) 

A/Perth/16/2009 (H3N2) 

A/Perth/16/2009 (H3N2) 
A/Shanghai/1/2013 (H7N9) 

Average Epitope Content (Random Expectation) 

Hemagglutinin 

Neuraminidase 

www.EpiVax.com 

New H7N9 Flu is Predicted to be 
POORLY IMMUNOGENIC 

Immunogenicity based on T 
helper epitope content per amino 
acid. Performed by Ardito, Terry,  
De Groot and Martin, April 2013 

Spread to Beijing on 4/13/13 

Hemagglutinin 

Neuraminidase 

This figure was published online at 
http://www.epivax.com/blog/h7n9-
shanghai-2013-the-new-stealth-virus/  

Roberts CGP, Meister GE, Jesdale BM, Lieberman J, Berzofsky JA, A.S. De Groot, Prediction of HIV peptide epitopes by a 
novel algorithm, AIDS Research and Human Retroviruses, 1996, Vol. 12, No. 7, pp. 593-610. 

Most Immunogenic Epitopes Contain HLA 
binding motif Clusters (we call them EpiBars) 

ClustiMer - Locates highly immunogenic regions 

EpiBar : A single frame 
in a sequence that 

contains HLA binding 
motifs for more than 
5 of the eight “super” 

Class II alleles 
EpiBar 
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DRB1*1101

DRB1*1301

DRB1*1501

DRB1*0101

DRB1*0301

DRB1*0401

DRB1*0701

DRB1*0801

DRB1*1101

DRB1*1301

DRB1*1501

DRB1*0101

DRB1*0301

DRB1*0401

DRB1*0701

DRB1*0801

DRB1*1101

DRB1*1301

DRB1*1501

The strength of the score is indicated by the differences in blue shading. For example:
Top 

10%

Top 

5%

Top 

1%

Frames containing four or more alleles scoring above 1.64 are referred to as Epi-Bars.

Predicted HA Immunogenicity 

Based on T cell Epitope Content - EpiMatrix

Z score indicates the potential of a 9-mer frame to bind to a given HLA allele. 

All scores in the Top 5% (Z-Score >= 1.64) are considered "Hits".

A/Shanghai/1/2013 (H7N9)A/Victoria/361/2011 (H3N2)A/California/07/2009(H1N1)

http://www.epivax.com/category/blog/


Potential Solution?  

As of 4/13/2013 

What is the EpiVax Approach?  

Given the importance 
of cross-reactive T cell 
response, how can we 
enlist it in developing 
better Flu vaccines? 

Flu Vaccine with  
Added T Epitopes 

EpiVax Vaccine Toolkit: iVAX 

42 

• EpiMatrix – maps T cell epitopes 

• ClustiMer - Promiscuous / Supertype Epitopes 

• BlastiMer - Avoiding “self” - autoimmunity 

• Conservatrix – Identifies Conserved Segments 

• EpiAssembler - Immunogenic Consensus Sequences 

• Aggregatrix – Optimizing the coverage of vaccines 

• VaxCAD - Processing and Assembly 

Fully integrated  
From genome to vaccine 

43 

Seamless Vaccine 
Design 

 
Integrated toolkit is 

unique to iVax 

Whole 
(live/killed) flu 

vaccines 

Egg-based/Cell 
Culture Based 

Whole Ag (HA) 
vaccines 

Genome-
Derived, Epitope 
Driven (GD-ED) 

Vaccines 

Better understanding 
 of vaccine MOA 

Improve vaccine 
safety and 
efficacy 

Accelerate 
Vaccine Design 

A better/faster way  
to make flu vaccine?  

Genome-derived Epitope-driven Influenza Vaccines (R21 / NIAID / NIH 

T cells = Immune System Body Armor 

T cell response cannot prevent Infection but . . .  

T cell response can arm against Disease 



FastVax: Vaccines on demand 

• High throughput computing  

• Immunoinformatics 

• Vaccine design algorithms 

 

• Vaccine Production  

• Delivery device 

• Animal safety/tox/immunogenicity/validation 

• Deployment by established distribution systems 

46 

Prebuilt 

 
Rapid deployment 

when genome 
sequence is in hand 

 

Pilot program  
Funded by DARPA 

20 hours - April 05 – April 06 2013 
Extremely Rapid H7N9 Vaccine Design 

April 05, 2013: Obtain H7N9 Sequences (4 human-sourced; GISAID)  

EpiMatrix Analysis: Identification of H7N9 Class I and Class II Epitopes 

101 H7N9 ICS* Class II Epitopes + 586 Class I Epitopes   

April 06, 2013: H7N9 Vaccine: Two Constructs, Class I and Class II 

Eliminate Epitopes  
highly conserved with Human 
Design vaccine: 12 hours (Logged). 

Compare with previous epitopes (IEDB) 
And other H7N9 strains; create final list 
20 hours (Logged). 

Obtain all available  
H7N9 sequences 

EpiVax 

HLA (Human MHC), are comprised of 

a limited number of pockets.  

 EpiMatrix predicts how well a side 

chain will bind to a specific pocket.  

 

8 class II Archetype matrices which 

taken together incorporate 95% of 

human populations (and pockets) 

worldwide. 

 

Each 9-mer/10-mer is analyzed for 

binding potential to each of those 8 

allele matrices. 

 

.  

Predicting Epitopes that Drive 
Immune Response is our Expertise 

Mature  

APC 

MHC II  Peptide  
Epitope 

MHC II Pocket 

Southwood et al. J. Immunology 1998 

Sturniolo et al. Nature Biotechnology, 1999  

The EpiMatrix Score describes how well 
the peptide “fits” into the pockets 

De Groot and Martin. Reducing risk, improving outcomes: Bioengineering less immunogenic protein 
therapeutics. Clinical Immunology 2009. 131, 189-201. 

Published Benchmark 2009 

Epitope Clusters = Immunogenic 

50 

DRB1*0101  

DRB1*0301  

DRB1*0401  

DRB1*0701  

DRB1*0801  

DRB1*1101  

DRB1*1301  

DRB1*1501  

• A Key Discovery – Epitopes are Clustered in Protein Sequences 

 

 

 

 

 

 

 

 

 

 

 

• T-cell epitope clusters make excellent vaccine candidates: 

– compact; relatively easy to deliver as peptides; highly reactive in-vivo 

STRAIN 01 Q X S W P K V E Q F W A K H X W N X I S X I Q Y L

STRAIN 02 Q A S W P K V E X F W A K H M W N F I S G I Q Y L

STRAIN 03 Q X S W P K X E Q F W A K H M W N F I S G I Q Y X

STRAIN 04 Q A S W X K V E Q F W A K H M W N F X S X I Q Y L

STRAIN 05 Q X S W P K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 06 Q A S W P K X E Q F W A X H M W N F I S G I Q Y X

STRAIN 07 Q X S W P K V E Q F W A K H M X N F I S G I Q Y L

STRAIN 08 Q A S W X K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 09 Q X S W P K X E Q F W A K H M W N F X S X I X Y X

STRAIN 10 Q A S W P R V E Q F W A K H M W N F I X G I Q Y L

STRAIN 11 Q A S W P K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 12 Q A S W X K V E Q F W A X H M W N F I S G I Q Y X

STRAIN 13 Q A S W P K V E Q F W A K H M W N F I S G I Q Y L

STRAIN 14 Q A S W X K X E Q F W A K H M W N F I S X I Q Y L

STRAIN 15 Q A S W P K V E X F W X K H M W N F I S G I Q Y L

STRAIN 16 Q X S W P K V E Q F W A K H M W N F I X G I Q Y L

STRAIN 17 X A S W X K V E Q F W A K H M W N F I S G I Q Y X

STRAIN 18 Q X S W P K X E Q F W A K H M W N X I S G I Q Y L

STRAIN 19 Q A S W X K V E Q F W A K H M W N F I S X I Q Y L

STRAIN 20 Q A S W P K V E Q F W A X H M W N F I S G I Q Y L

x 

F W A K H M W N F
W P K V E Q F W A

Q A S W P K V E Q N F I S G I Q Y L

M W N F I S G I Q

Q A S W P K V E Q F W A K H M W N F I S G I Q Y L

Building ICSs 
EpiAssembler – Final Immunogenic Consensus Sequence 



Building ICSs 
EpiAssembler – Final Immunogenic Consensus Sequence 

Balance Score+Conservation: 
Best Option 

Highest conserved epitopes 
are poorly immunogenic Selection for score 

 

 

 

 

 

 

 

 

Human 

 

Pathogen 

   

Protective 

epitopes 

Potentially 

detrimental cross-

reactive epitopes 

Potentially 

detrimental cross-

reactive epitopes 

Safer: remove conserved epitopes 

 

VaxCAD 

VaxCAD will identify junctional epitopes and rearrange chosen epitopes to reduce junctional 
epitope formation 
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Peptides in Default order in construct HP_IIB 

Epitope Cluster Score

Junctional Cluster Score
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Peptides in Optimized order in construct HP_IIB 

Epitope Cluster Score

Junctional Cluster Score

Create String of Beads-Vaccine 

DNA – chain of epitopes, or 
peptide in liposomes 

ICS-optimized proteins in VLP ICS-optimized whole proteins 

GD-IDV Formulations  
(platform independent) 

Broadly Reactive Influenza VLP Vaccine 

H7N9-ICS VLP 



Feasibility: 
Expression of ICS-H5-HA fusions in H5N1 VLPs 
 

Western blot probed for H5-HA  

VLP 

HA-Opitimzed-COBRA-like VLP Vaccine 

Proposed: Add EpiVax ICS epitopes for induction of broadly 

cross- reactive H7N9 immunity to COBRA HA  

COBRA: Computationally Optimized Broadly Reactive Antigen  
• Align amino acid sequences from Clade 2 human isolates 

• Assemble ‘Layered’ Consensus 

• Limit sampling bias 

• Confirm presence of conserved linear epitopes  

(Immune epitope database; www.immuneepitope.org) 

COBRA 
antigen 

COBRA  
ICS-VLP 

In silico 
Design 

Production 
and 

Packaging 

Clinical Trial 
(correlates 

of 
immunity) 

Deployment 

Emergency use 
authorization 

Regulatory 
Agency approval 

As Currently Proposed with Genome-derived Epitope-driven Influenza Vaccines (R21 / NIAID / NIH) 

Getting FastVax into the clinic: 4 Steps EpiVax Proposed Vaccines 

• String-of-epitopes DNA vaccine (Aldevron) 

• String-of-epitopes Phage vaccine (Ft. Detrick) 

• Optimized HA (TBN) 

• Optimized HA + epitopes (with Ted Ross) 

EpiVax Contacts:  
Anthony Marcello, BDA, amarcello@epivax.com  
Anne S. De Groot CEO/CSO annied@epivax.com 

Active Collaborators / Vaccines 

Bill Martin 
Lenny Moise 
Frances Terry 
Leslie Cousens 
Ryan Tassone 
Howie Latimer 
Mindy Cote 
Lauren Levitz 
Christine Boyle 

Alan Rothman 
Carey Medin 
Andres Guitierrez 
Danielle Aguirre 
Joe Desrosiers 
Thomas Mather 
Wendy Coy 
Loren Fast 

Don Drake, Brian Schanen 

Sharon Frey 
Mark Buller 
Jill Schreiwer 

Hardy Kornfeld 
Jinhee Lee 
Liisa Selin 

Connie Schmaljohn 
Lesley C. Dupuy 

Ted Ross 

Mark Poznansky 
Tim Brauns 
Pierre LeBlanc 
 

AI082642 

EpiVax: Four Core Strengths 

Confidential 
63 

Media Contact: Anthony Marcello, BDA, amarcello@epivax.com  

mailto:amarcello@epivax.com
mailto:annied@epivax.com
mailto:amarcello@epivax.com


 

 

Panel Discussion and Questions from Participants 

Presented by: 

All Speakers 
  

 
  



 



Notes: 

 

 
  



 



Brief Curriculum Vitae / Most recent publications 

Anne Searls De Groot M.D. 
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Infectious Disease (1992). Joined Brown University Medical School, and opened the TB/HIV Research 
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