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effective vaccines and biologics
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Key Messages #1: Treg and Teff are important in Vacci
Role of regulatory T cells in Vacx including Cancel
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Vaccine | [Ancer™ selected CT26 .
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Key Messaglg #2: ,
Regulatory T cells / T helpers important to Drug Development.
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Therapeutic Protein Products

Additional advanced analyses of primary sequence are also likely to detect HLA class Il binding
epitopes in nonpolymorphic human proteins. Such epitopes may elicit and activate regulatory T-
cells, which enforce self-tolerance, or, opposingly, could activate T-helper (Th) cells when
immune tolerance to the endogenous protein is not robust (Barbosa and Celis 2007; Tatarewicz
etal. 2007; De Groot et al. 2008; Weber et al. 2009). However, if considered appropriate,
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Integrating Immunoinformatics into Drug development
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iVAX Toolkit for Vaccine Development

O
IVAX A ot tostor approach o vaceindosign

(ver. 1.0) | Contact

Acloud-based tool for faster, better vaccine design

Helper T cells involved // Tregs are also involved
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https://www.ncbi.nlm.nih.gov/pubmed/18660382
https://linkinghub.elsevier.com/retrieve/pii/S0169409X09002208
https://www.ncbi.nlm.nih.gov/pubmed/17629719
http://bit.ly/iVAX1

Presence of T cell epitopes drives ADA Absence of T cell epitopes reduces ADA 3 EplvaX
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Lack of T cell epitopes abrogates activation of CD4 T cells and T-dependent antibody response

Activation of CD4 T cells and the T-dependent antibody response
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pm HLA binding is a prerequisite for immunogenicity pm
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Class I and Class Il Human Leukocyte Antigen cell surface receptors

Identifying T cell epitopes
Is key to assessing Immunogenicity Risk

*EpiVax uses EpiMatrix to predict epitopes
—~matrix based prediction algorithm

+Can predict either class | or class Il MHC binding
~MHC binding is a prerequisite for immunogenicity

The complex of HLA and a peptide (epitope) constitute a ligand

Epitopes are presented on HLA in a linear fashion
for the T-cell receptor

Whether Peptide or...  Protein

p

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

+ Cass| HLAind epilopes that are:
9or 10 amino acids inlengih

Epitope. + Cass | HLAbind peptides that are
longer but epitopes are § amino
aadsinlengh
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What does the T cell See? Linear Epitopes
Strominger, Chicz (and others)

Putarat 1,190

Specificity and Promiseuity among Naturally
Processed Peptides Bound to HLA-DR Alleles
By Roman M. G, Utban, Joan C. Gorgs, Dario

. Chicz, Robert o
A. A. Vignali, William S. Lane;" and Jack L. Strominger Eoope
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* Stumiclo and Hammer (below) rst descrbed now Binding pocke witin he HLA DR binding groowe are
shaped by clusters of poymOrphic amino acid residues and therefore different HLA DR allles have distinct
chemical and size characterisics.
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Accuracy: EpiMatrix™ is the gold standard for
Class | and class Il epitope prediction
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EpiMatrix™ Class Il predictions
are superior {o IEDB predictions

Analysis of eluted peptide dataset

(Abelin et al., Immunity. 2017): )
:
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EpiMatrix™ Class |l predictions are 74%
o o died & ond Tomers vere Jrparigiiey s i
B, i ony 457 o ke HLAbhdng sy D6 prcclons oo 54.66%
‘accurately recalled by NetMHCpen. il agpnet the e
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New: HLA DR9 SUpTILypes

Increased Coverage of
Asian Populations

MHC restriction data and
corresponding population
frequencies were uploaded on
Alloools inunee0iione Qralogls/
‘ecpulationfiedd input
In order to obtain coverage statistics.
Population frequencies were collected from
00 COL I O GouGle QG

In vitro validation of prospective
EpiMatrix™ selection of Class Il epitopes

EpiVax:
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® “n=25) ® n=25) © (n=222) ® (n=251)
o DRBI'0B01  DRBI‘1101 o DRBI*1301 o DRBI‘1501
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ISPRI Population vaerage by Supertype Allele

DRB1°08 but w/o DRB1°09)

EpiVax®):

supertype.[Europe + North] Central+ South [\ pgicy | U0 530918 [yt e | case s
oRB1%01 215% Bsa% 1051% 278% 17.80% 298%
DR1°03 2.90% 7% s | 3w | 1o sa1%
DRBL°04 sLew 2733% 2185% ass% 1550% | 1660%
oRB1%07 27.a1% so1% maex | 3% | 1o 7%
DRB1°08 s 267% 0% 1755% Go0% 1936%
oRBL*11 1070% 991% e | s210% | 2e20% | 17a9%
oRBL*13 1609% Bsa% e | 028 | 200 6a8%
oRBI1S sLew 763% wosex | m7ew | 208 | 2us0%
Total 99.31% 80.67% 97.08% | 95.67% | 93.77% ||75.20¢
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ISPRI Population Coverage
(Including DRB1*09)

EpiMatrix™ HLA “Supertype” Coverage

Updated

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

This allows us to provide results that
are representative of >95% of human
populations worldwide** without the
necessity of testing each haplotype
individually.
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http://www.ncbi.nlm.nih.gov/projects/gv/mhc/ihwg.cgi?cmd=PRJOV&ID=9
http://tools.immuneepitope.org/tools/population/iedb_input

Risk Assessment — Comparing Candidates
Monoclonal antibodies - Adjust for Treg Epitopes (Tregitopes)

Rank your protein relative to a set of

1 i 1
oxaren | I | L

oreon |11 N ¥ I 1 |

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

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.

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

T cell epitope clusters make excellent vaccine candidates: they are compact, relatively easy to
deliver as peptides, and highly reactive in vivo

Interferon-Beta
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with known i oy
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— Target A
Human Growth Hormone Candidate 1

Influenza Hem agglutinin

GM-csF —

Immunogenic Antibodies*
“——Target A
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B repaes et 50 et Non e gl Candidate 2
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Beta-2-Microglobulin

Follitropin-Beta

ER&@}

“Promiscuous” epitopes — regions of concentrated

immunogenicity — “EpiBars”

EpiMatrix Report
Accession: Influenza - Sequence: HA 306-218

EpiBar : A common

feature of highly
immunogenic clusters

= "EpiBar”

Roberts CGP Meitr GE el O, ieberman ) Sertofty 4, A5, e oot Predicton of M peptide eitopes by a
novel algorithm, AIDS Research and Human Retroviruses, 1996, Vol. 12, No. 7, pp. 593-610.

ClustiMer - Locates highly immunogenic regions

Validation: Correlation of EpiMatrix scores

Eymopoit Fox2 score 343 .
""""”*“" Reifaing Antbodes 12%
Rt w0
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196 £C egion FPXs Score 11125
Fnogen e Sinding Artbodies 0.3%
o e Nevtahing Antbsdles 0%
erogobi
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and immunogenicity in human studies (Published)

2 Amgen Fusion proteins
(FPX 1 and 2) in clinic.
Blind EpiMatrix
retrospective analysis

FPX 3-5 analyzed in
prospective analysis.
(Only low scoring

proteins went to clinic)
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Risk Assessment Approach: Whole Protein

EpiVax

Protein Therapeutic:

1+ 1+ 1 = Response
T cell response depends on:
‘Lcel epitope content + HLA of subject

> protein immunogenicity can be ranked

Calibration of Inmunogenicity Scale Now

EpiVax

Question: What is the “True Zero” for the human genome?
Answer: It is lower than the “True Zero” for random proteins.

Method: Analyze the EpiMatrix scores of human proteins from different subcellular locations to include
them as references in our immunogenicity scale. (Analysis performed by Andres Gutierrez, not published)

« Gather subcellular location and signal peptide information for the human proteome and generate
subsets based on these data.

Calculate immunogenicity scores for human proteins using 9 supertype Class Il alleles, excluding
signal peptides.

Compare predicted immunogenicity of different subsets.

Determine which subsets will be shown in the immunogenicity scale.

Evaluate hypothesis - T cell epitopes, which could support deleterious autoimmune activity, will tend to be
deleted from the human proteome.
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Intra Cellular
Non Membrane

——

Tregitopes™
Regulatory T cell Epitopes

Tregitopes™:

* Discovered in 2008

+ In Fc and Fab (framework)
« Bind multiple HLA alleles

2 S
* J' corR « Are highly conserved in IgG

tpiopes  * Are correlated with low immunogenicity
BTregiopes  + May be present in other self proteins
+ ARE DISCOVERABLE WITH IMMUNOINFORMATICS

We hypothesize that antibody-derived Treg epitopes activate regulatory T cells
that lead to suppression of effector T cells that recognize effector epitopes, like
those of IgG hypervariable regions to which central tolerance does not exist.

DoCO0IAS, oo, At of e Rty Tty WG oot oo
S 350175 500 s it o B

EpiVax

W EpiVax

,
—— EpiVax
S NN

Erythvopaietn (47,86
ThamBopaetn (4650

EBV-BKRF3 (33.14)

Tetanus Toxin (23.72)

Influenza HA (14.56)

Immunogenic Antibodies* (-1.84) — 50 -~ Random Protein Sequences (Set to 0)

|~ Median Human Proteome (-9.05)

[ Median Secreted proteins (-23.08)

Curantseror 2
prortda 5:5{532:2%1
Folltropin-Beta (-86.04)

.
s Actively Suppress Immune Response Eplv
uce Antigen-Specific Tolerance WXQ(
Proco P wd - Discovered & patented by EpiVax
resentation
’ « Highly conserved peptide sequences

in Fe.and Fab regions of antibodies

High affinity, promiscuous binders
across HLA alleles

One mechanism of action of IVIG?

Activate antigen-specific
regulatory T cells

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

“lregtopes” bass, 2008113 333, Wi ftyuri com ASORG o0t locd 2008
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haracterizing Putative T cell Phenotype EpIVaX

Turns on
immune

response

Epitopes can be either effector or regulatory

Most in silico algorithms cannot
differentiate between these two

ibodies
o tools need to account for Treg e|

EpiVax

1+1-1 = Response

T cell response depends on:

Lcell epitope content = Tregitope content and alsq(HLA of subject)

> mAb immunogenicity can be ranked too
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Ep|Matr|xT"" Tregitope is factored in
Screen Protein Sequence for T Cell Epitopes

EinaX Can we predict antibody immunogenicity? EinaX Can we predict antibody immunogenicity? Einax
OO Tregitope Adjustment . VRGN Tregitope Adjustment 2 0@9 OGN

Using Tregitope-adjusted Scores to Predict Immunogenicity

Using Raw Scores to Predict Immunogenicity

¥ =0.0086x2 + 0.6727x + 13.32
Ri=07623

} - o cswua® wanmc
| / o e wwooe
-___ -— %
‘ ‘ 'VH#VL Raw EpiMatrix Score

Epiat Tregope sdsias Score

ase Sf Pfizer Discontinues PCSK9 antibody
Drug Fails (Produced Prior to rporating ISPRI assessment)

Epvi\xlgxx

Tregitope-Adjusted Antibody Immunogenicity Predictions Eprax
Add HLADR-9, ~20 new mAbs RO

Using Tregitope-adjusted Scores to Predict Antibody Immunogenicity

Dataset ® mAbs ® Outlier ® Patents MOD © Patents ORG

Tregi Adiusted Antil ici icti s 1

P Pr
PFIZER DISCONTINUES GLOBAL DEVELOPMENT OF

Updated Epiax Antibody

Immunogenicity Risi Model Comparison - ISPRI vs Updated
234203810 040368
o g Retetment s oo BOCOCIZUMAB, ITS INVESTIGATIONAL PCSK9
g0l | S Pradctinivend . e INHIBITOR
25 Model adds 20 new mAb | NewModel:
8o, HShinena ‘examples with clinical 40 Antibodies mpany wi 10 GAP and Adsted 2016 st s
85 immunogenicity data an har
| ; dictions fo o
5320 NewModel: FiEA RE 0861 ncroasing
304 40 Antibodies coverage Ir\AsIar\
2 L populations
|
b Original model is also
b s new model
H Tollows highiy similar
0 L pattern.
S T A A T ] -
VH+VL Tregitope-adjusted EpiMatrix Score 3 r > yr % r r

@
VHOVL Trgiope-adusted Epiarx Score

EviVix Unpususieo Dara - Conrioentiat
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PP ————— T cells Recognize Epitope Surfaces — TCR facing conti

Anti-PCSK9 antibodies May be conserved with Self or Other Pathogens

EpiVax

EpiMatrix EpiMatrix Predicted Immunogenicity
‘Potential Is correlated with observed ADA values
(importance of pre-clinical screening!)

e P o g

" Bocodizumab Prad ADA 2% QR ADAZL 3%

T Alirocumab  Prgd ADALQ.3% QRS ADALS.55%
“ evolocumab - preg ADA. 0%, Obs ADALOLY

Pathogens may be
able to evolve

T cell epitopes
that trigger Tregs
instead of T
effectors .

Each MHC ligand has two faces:
The MHC-binding face: agretope
and the TCR-interacting face: epitope

Ei . 91 : ith:
Identical T cell-facing residues

Same HLA allele and minimally
different MHC-facing residues

humanyaceines

MHCHLA

The Two Faced T cell epitope:
Commensal pathogens self/no

EpiVax EpiVax

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

L

Networks used to provide visual map of epitope
cross-conservation .

Immune Camouflage
Originated with discovery about
pathogens “copy/pasting”

RS

HCV Vaccine epitopes example
Allinduce T effectorresponse.

"
epitopes that looked like human rv
Treg epitopes in their own f
genomes '_’.’l

Commensal pathogens e.g.
CMV, EBV, HSV have the lowest

¢

= o HeV eptope number of T effector epitopes
—_— o Peptide from a drug, antigen, et o5, e eporse and the highest number of “self- ‘wy
The two-faced T cell epitope ¥ 9-mers that bind HLA : r— like" putative Treg epitopes
ng the host 4 9-mers from human genome that present same TCR ey
® Lz humanvacanes

* Source proteins of the human 9-mers

Losikof T, Mishra s, Terry , Gutierrez A, Ardito M, Fast L, Nevola M, Martin WD, Bailey-Kellogg
€, De Groot AS, Gregory SH. HCV Epitope, Homologous to Multiple Human Protein Sequences,

[ Patients. | Hepatol. 2014, Sotee-
8275(14)00613-8. doi: 10,1016/} hep.2014.08.026




JanusMatrix reveals differ:
hit-and-run and hit-and-stay viruses

He et o BMC Baformatc 2014, 156w 451
R bomedcentalcom 1471210517541

RESEARCH Open Access

Integrated assessment of predicted MHC binding
and cross-conservation with self reveals patterns
of viral camouflage

Lu He', Anne S De Groot™, Andres H Gutierrez, Willam D Martin’, Lenny Moise®, Chris Baiey-Kellogg"™

From The 3rd ISV Pre-conference Computationsl Vaccinalogy Workshop (Colax 2013)
Barcelona, Spain. 26 October 2013

http://bit.ly/Viral_Camouflage

Epivax-Confidertial

Characte Putative T cell Phenotype:
» ‘m\‘

Epitopes can be either effector or regulatory

ER&@}

Turns on
immune

response

Most in silico algorithms cannot
differentiate between these two

The two-faced T cell epitope
Examining the Ja

Integrated assessment of predicted MHC binding
“|and cross-conservation with self reveals patterns
f viral camouflage

Smarter vaccine design will circumvent regulatory
T cllmdiaisd evesion in cironc MV and HOV nfction |, W7NO T-cell epltopes that mimic human

| sequences are less immunogenic and may induce

‘Treg-mediat

CE=
SCIENTIFIC REPg}RTS

* Ahumanized mouse model
identifies key amino acids for low

Class Il context

Immune-engineering - Lower Effector T Cell Epitope
Content = Lower Inmunogenicity

EpiVax

Low, Neutral High
Poorly immunogenic
vaccine antigen

In fact, ‘deimmunization’ already happens “naturally!”
in the context of infectious disease (HIV, HCV etc.)

Is key to assessing Immunogenicity Risk

“EpiVax uses EpiMatrix to predict epitopes

—matrix based prediction algorithm
~Can predict either class | or class Il MHC binding
~MHC binding is a prerequisite for immunogenicity

Whether Peptide or...  Protein

~Full suite of HLA-based predictions; Class Il usually used for biologics.

~Cloud-based tool used by most large Biotech companies: ISPRI
—~Separate website available for vaccine design: IVAX

Immune-engineering - Increasing T cell Epitope
Content = Higher Inmunogenicity

EpiVax

Low Neutral High
Poorly immunogenic
vactine antigen

11/13/19



New H7N9 Flu
We predict that it is

lmmunogenic Potential

HA A/California/07/2009 (HIN1)

HAANVictori/361/201 (H3N2) 3

HA A/fTexas/50/2012 (H3N2) ~ 00 €—— Random Expectation
— HA A/chicken/ taly/13474/1999 (H7N1)
HA A/Anhui/1/2013 (H7N9)
Al Netberonds/05/2005 (7N7)
e/ v2/2000 ey

Low immunogenicity predicted for
emerging avian-origin H7N9
Implication for influenza vaccine design

hitps//bit.ly/H7NS_HVand

Treg-like H7N9 peptides Induce Tregs
And reduce Teff response

EpiVax

Luetal
Ham
2015, 11224152
15 —_—
- 3 .
_ 3 10
| £
i —
. £
} . a .
]
g ..
: . o lue
R T e — H7NS Pool H7NS Pool
LA S without 1_H7N9-HA with 1_H7NS-HA

> HTNO epitopes with high potential for self cross-

Peptide Stimulation
reactivity elevate Treg frequency in vitro

First H7N9 Vaccines are
POORLY IMMUNOGENIC

11/13/19

Does H7N9 contain

a regulatory T cell epitope?

5

Griffin MR et al. PLoS One 2011 Aug 6(8);

Percent Effectiveness

Monovalent Monovalent Trivalent
H7N9 pandemic HIN1 seasonal
vaceine vaccine vaccine

Goodwin et al. Vaccine 2006(24):1159-1169; CDC MMWR September 20, 2013/ 62(RR07); 1-43

Epivax-Confcent

Immune Engineering Vaccine
Treg epitope discovered — 3 Amino Acids Modifi

297 309

H7-HA PRYVKQRSILLAT
306 318

H3-HA PRYVKQNTLKLAT
297 I 309

H7-HA-Optl PRYVKQNTLKLAT

Epivax- Conficertial

Epitope-Enhanced H7 HA Antigen
“Opt_1 rH7 HA” Optimized with 3 AA changes

ty
ested in mice by NIID

EpiVax

3 o 2 ce

Treg Epitope.

Average
5-fold

increase
in

R
1o Average
20-fold

increase

in B cell
response

antibody
T Eff Epitope titer

(B 1]

Anti-HA IgG Ab (U/mi)

ANIIHT IgG plasma cells per mouse

o
imultaneous Treg epitope knock-out and Teff epitope knoc W7 OpLT T '° WTH?  OpL1 AT
(St perormed incollaboration with NID Japer)

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

, & NIDEIERETRE n
Wada et al. Sci Rep. 2017; 7(1):1283 EpVax - Confidertil e

10
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5;;1";\(’: TrigFi:))i?xp:r:;Zd Make Better Vaccines A Ep'VaX Cancer Antigens also contain Treg epit Epivax Melan A (MAR1, Uniprot ID: Q16655) b Epivax

Peptide 1; JanusMatrix Score: 9.37 Peptide 2; JanusMatrix Score: 1.14
H7N9 T-cell epitopes that mimic human
sequences are less immunogenic and may induce

Treg-mediated tolerance

* JanusMatrix analysis (Class 11}

Identify potential regions where epitopes can be improved
Remove Treg Epitopes

Result: 20-Fold More Immunogenic
SCIENTIFIC REPg}RTS

A humanized mouse model
identifies key amino acids for low
immunogenicity of H7N9 vaccines

O source proten
@ source pepice

[ Pe—

@t e

Wada et al. Sci Rep. 2017; 7(1):1283
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EpiVax Oncology NEO-PCV H EpiVax Oncology NEO-PCV H Ancer™ - selected CT26 neoantigen peptides stimulate 1
approach based on novel algorithm platform — Ancer®: Eg!)}éfo)es approach based on novel algorithm platform — Ancer™ E‘ﬁp!,}éal_oé multifunctional CD4" and CD8" T cells Eplvax

LG ONCOLOGY
Vaccine Administration | t=jiis— ‘ ‘Acquire Patient Mutanome and Transcriptome ‘

‘rom Next Generation Sequencing
/ Tumor Biopsy W L

Antigen Delivery Modality Whole Exome o Selection and Removal of “Self Like" Sequences
DNA & RNA Seq ® ‘with JanusMatrix™
wa Adoptive )

Rank and Select “Non Self” Candidates

CD4T cells CD8 T cells - Ny TNFat L2
Nys TNFt
-2
-y

Triage mutations based on NGS metadata and
transcriptomics

S

Scan for HLA Matched Epitopes
(Patient HLA Class I and Class Il) with EpiMatrix®

1T

%Frequency CD3+/CD4+ T cells
-
%Frequency CD3+/CD8+ T cells

&a://
Y,
% <o
Y,
%,
£y
)
%

‘ ".\\e‘ O(P «,9\\" O(»‘

11



Ancer™ selected CT26
reduce neoantigen vaccine immune responses

EpiVax

26 ONCOLOGY

5-fold reduction of IFNy responses
with co-administration of CT26
self-like neo-epitopes

s s [, peosm

1PNge TcollsSECHO"
veceine stiwdaton)

group group

Control  Vaccine Vaccine + self-

like epitopes
oroup

.5 group st astmlaton comparad 1o o contol Group. Co-sdminsiaton of Ancar™ dervad CT26 soflike

i Januehic by sl

ols for better Biologics and Vaccine Design

- Balance of T-eff and T-reg is relevant to immunogenicity.
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- In silico analysis can provide a ‘first pass’ evaluation of biologics and vaccines.

- Epitopes that share a TCR-face with numerous human sequences may activate Tregs —~ CD8 T

cell response AND antibody responses can be reduced !

- Pathogens use Treg epitopes to avoid immune responses.

Cancer does too.

protection.

- Epitope-engineered proteins are better vaccines and drugs!

Optimized vaccines reduce Treg response and include better T eff epitopes, driving

Vaccination of CT26-bearing mice with Ancer™ neoantigen
replicons inhibits tumor growth
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SYNTHETIC GENOMICS
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Performed at Synthetic Genomics
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Conclusions

« Defining T cell Epitopes In Silico — Yes, we can.
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« Comprehensive Immunogenicity Risk Assessment includes In Vitro

« Defining Tregs In Silico? — Yes, we can.

* Immune Engineering Immunogenicity and Tolerance? — Yes, we can.

« Personalizing Immunogenicity Risk ? — Yes, we can.
... Can we immune-engineer? — Yes, we can.

« Be attentive to potential Treg epitopes!
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