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Setting the Stage for Success in Immune Tolera .
Induction in Autoimmunity, Allergy, and Transpl EF)TIVx axX

First, induce remission.
Interrupt effector
pathways, without

interfering with
lati ne Tolerance o
b ot Therapeutic Restoration of Immu Second, stabilize the
remission; push the

immune system towards a
regulated environment
while in remission

Consolidation

Nepom GT (2022) .Front. Immunol. 13:962177.
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- Strategic staged approach for immune tolerance induction: focus on
autoimmune diseases

* From autoantibodies to autoimmune disease: the role of epitope spread,
potential means to stop it and applicability to immunogenicity of
biological therapeutics

 Clinical studies for preventing Type 1 Diabetes Mellitus in those at high
risk: potential approaches for boosting and activating Tregulatory cells

* Novel modalities for treatment of autoimmunity: application to
immunogenicity of biological therapeutics.

— CD19 CAR-T cells

— Therapeutic Drug Monitoring (TDM) of TNF mADbs: sustained clinical
efficacy and prevention of ADA

EpiVax — non-confidential



The Paradigm for Successful Tolerance Induction as 1
Defined by the Immune Tolerance Network - Eplvax

interrupting effector mechanisms

T — immune
restraining innate activation
boosting regulation Tolerance

Consolidation of a

Induction of remission,
through deletion,
deviation, anergy or
exhaustion of effector

Modification of the
tissue environment

pathways generates through blockade of regulated immune and
opportunities to reverse | innate activation, tissue milieu through
a deleterious pathogenic | danger signals, programming of
response pathogenic cytokines regulatory cells and

and chemokines creates | pathways forms the
opportunities conducive | petential for durable
to restoring a balanced | tolerogenic outcomes
response resembling normal
homeostasis

Huffaker MF et al (2021) Front. Immunol. 12:744804



Why Multiple Components are Necessary for To _ = piva X

Induction: Safety and Efficacy Perspectives

« The potential for single agent antigen specific therapy to worsen
disease: exacerbation of Multiple Sclerosis from treatment with an
Altered Peptide Ligand (APL) immunized rather than tolerized

(Bielekova B et al Nat Med 2000:1167-75)

* Documented failures to induce tolerance when sole focus is on
Teff modulation: prolonged disease-free state but of limited
duration.

 Limited patient populations for studies: consider the protocol most

apt to induce clinically important outcomes; ensure study of
potential mechanisms of tolerance induction in all studies
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* From autoantibodies to autoimmune disease: the role of epitope spread,
potential means to stop it and applicability to immunogenicity of
biological therapeutics

 Clinical studies for preventing Type 1 Diabetes Mellitus in those at high
risk: potential approaches for boosting and activating Tregulatory cells

* Novel modalities for treatment of autoimmunity: application to
immunogenicity of biological therapeutics.

— CD19 CAR-T cells

— Therapeutic Drug Monitoring (TDM) of TNF mADbs: sustained clinical
efficacy and prevention of ADA

EpiVax — non-confidential



MANDATE: STOP THE SPREAD! EpiVax
' OO

s

1) Autoimmune diseases such as T1DM and MS develop after a prolonged pre-clinical phase
in which autoantibodies can be detected in patients at risk.

2) Epitope spread is key to induction of disease: intervention at the precursor stage could
prevent progression to clinical disease and with less overall immune suppression.

3) Early detection is key to precluding disease
1) In T1D, familial association identifies those at risk
2) In MS, HLA DR15 haplotype is highest associated risk factor but HLA haplotypes not
typically evaluated

4) How to enhance early detection?
What public health measures may be beneficial and economically feasible?



Epitope Spread Facilitated by Tissue Destruction and Infl Eplvax

in Autoimmune and Virus-Induced Immunopathology
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Epitope Spread in T cells Mediating EAE and Viral Mouse

From Intramolecular (PLP) to Intermolecular (PLP->MBP)
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T cell Epitopes in Human Neural Tissues Implicated Ep|Vax
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T-cell Activation to Islet B-cell Antigens Develop Sponta 1
Evolve in a Defined Chronological Order in NOD mice Eplvax
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Distinct Autoantibodies Identify Patients at High Risk'© Epiva)(
OO\ X

DM: Window of Intervention to Prevent Progression to L

Autoantibody characteristics associated with increased risk of type 1 diabetes
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Stop Epitope Spread in Precursor Phases of Autoi

Disease and in Early Treatment with Life-Saving Pr' EpIVaX
' KOG

* Reduction of inflammation and further tissue damage:
* mADs to inflammatory cytokines eg a-TNF, a-IL-12/23, a-IL-17
« Diminish tissue damage (DAMP) induced innate immune responses.
» Consider small molecule inhibitors of inflammation: eg JAK Inhibitors

« Immunoproteasome inhibition

 prevent antigen processing and presentation of tissue epitopes and biological
therapeutics: targeting the subunits of the immunoproteasome; or global
proteasome inhibition
* B cell depletion:
- Interrupts antigen processing and presentation
 prevents progression of precursor Ag specific B cells to antibody secreting
plasma cells and B memory cells

* Consider combination treatments for immune tolerizing strategies

5/22/24 EpiVax — non-confidential 13



Design of Imnmunoproteasome Inhibitor Targeting LMP 1
LMP2 Subunits of the Immunoproteasome: KZR-616 h_ Eptlx\éan?(

Kirk, C.J. et Cells 2022, 11, 9.



Immunoproteasome Inhibition Ameliorates Autol | Ep|Vax

in Mouse Models: the Mechanisms
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Immunoproteasome Inhibition Phase 1 Study Markec Ep|VaX

in inflammatory Cytokines in PBL of Treated Healthy Ve
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Clinical Studies of Immunoproteasome Sub EinaX
NGO

Inhibitors for Treatment of Autoimmune Dises

=

 APhase 2 randomized, double-blind, placebo-controlled, crossover multicenter
study to evaluate the safety and efficacy of KZR-616 in the treatment of patients
with active Polymyositis or Dermatomyositis (NCT04033926)

« MISSION STUDY: weekly administration of KZR-616 in patients with active
proliferative Lupus Nephritis. Also, an open-label, dose escalation Phase 1b portion
in SLE patients with or without nephritis (NCT03393013),

« A Study of KZR-616 in patients with Autoimmune Hepatitis (NCT05569759)

« A Study of KZR-616 in patients with active Lupus Nephritis (PALIZADE)
(NCT05781750)



Immunoproteasome Inhibition to Prevent ADA to EinaX
KON\

Saving/Chronically Administered Therapeutic Bic

=

 When given together with a protein therapeutic, can it block generation of
immunostimulatory T cell epitopes? Caveat. may also reciprocally block generation
of regulatory T cell epitopes.

 CDRs of mAbs are the primary targets of ADA .Treatment with immunoproteasome
inhibition of consideration early in treatment to prevent lack or loss of efficacy for
mADs.

* |Is there a window for halting epitope spread from initial detection of ADA to blocking
increase in titer and development neutralizing antibodies?

« ADA->-> isotype switching+affinity maturation->> epitope spread >NABs?

5/22/24 EpiVax — non-confidential 18
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 Clinical studies for preventing Type 1 Diabetes Mellitus in those at high
risk: potential approaches for boosting and activating Tregulatory cells

* Novel modalities for treatment of autoimmunity: application to
immunogenicity of biological therapeutics.

— CD19 CAR-T cells

— Therapeutic Drug Monitoring (TDM) of TNF mADbs: sustained clinical
efficacy and prevention of ADA

EpiVax — non-confidential



Clinical study of Teplizumab a non-FcR binding CD3 m# ~
interrupt T1D effector cells . Eplvax

First, induce remission.
Interrupt effector
pathways, without

interfering with
lati ne Tolerance o
b ot Therapeutic Restoration of Immu Second, stabilize the
remission; push the

immune system towards a
regulated environment
while in remission

Consolidation

Nepom GT (2022) .Front. Immunol. 13:962177.



Teplizumab Significantly Prolongs Interval to Onse Eina)(
not Prevent Type 1 Diabetes in Patients at High Ri LGUGK

No. without No. with
Diagnosis Diagnosis

ko o = Median ftime to diagnosis of
type 1 diabetes:

48.4 months in the teplizumab
group

Teplizumab

24.4 months in the placebo

Proportion Free of Type 1 Diabetes

034

Placebo group

0.2+

- FDA Approved 2022
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No. at Risk
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Herold et al. N Engl J Med. 2019 August 15



https://www.nejm.org/doi/10.1056/NEJMoa1902226

Alefacept (LFA-3-Ig) Binds to CD2 on T Cells: Signific: Ep|Vax

Limited Preservation of Beta Cell Function in Recent On
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effector memory cells. EZ 024
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» Effect sustained for months after
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time. _
Rigby et al (2015) JCI 125: 3285



“Exhausted” Signature of CD8+T effector Me

Responders to Teplizumab and Alefacept Sho Ep|Va X
" OO\
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https://doi.org/10.1172/jci.insight.142680

The Culprit: Failure to Increase the Frequency of C Eina)(

Tregs Over Placebo Treated Patients
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https://www.nejm.org/doi/10.1056/NEJMoa1902226

Immune Modulation with Alefacept Neither =58 Ep|Vax

Induces nor Boosts Tregs
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Optimal Outcome: Combine T cell Exhaustion with Ind Einax
Activation of Tregs and 3 cell Regeneration for T1D LG

= Y Inhibition of
ﬁe?nsulm'? T cell activation

AutoAb
X 3 1
B cell
antagonists

B cell apoptosis

1
B cell regeneration !
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Bluestone et al., Science 373, 510-516 (2021)




“Treg Friendly Therapies” | EpiVax

« Tregulatory Cell Populations:
* TcR transgenic Tregs
« CAR and BAR Treg cell populations
« Therapeutics to generate tolerogenic APC and induction of Tregs
— Regulatory T cell epitopes: Tregitopes
— Rapamycin/Rapamycin Nanoparticles

— Cytokines/anti-cytokine mADbs: single or combinations eg IL-2
engineered to bind only IL-2Ra., IL-10, TGF-B. Couple with anti-
cytokine mADbs to inflammatory cytokines

« Liver Depot Gene Therapy



Regulatory T cells Epitopes (Tregitopes) Present Eina)(
Immunoglobulin IgG Conserved Domains ' LU

» 15-20 aminoacid peptides in conserved IgG
regions

* Tregitopes are presented by multiple HLA
Class Il molecules

* Highly conserved among IgG molecules
across species: potential basis for IVIG

B Tregl67 T 4 induced regulation

. Treg289

Adapted from Guddat et al. (1993) Proc. Natl. Acad. Sci. USA
90:4271

* Induce natural Tregs to modify immune

responses



Tregitopes Activate Tregs: Modify Effector Functio Eina)(
cells and Generate Tolerogenic APC ~. LGN

Tregitopes presented

- by APC activate + Tregitopes: Short, linear

] Itope . .
IgG or other self - Pmé’ssiﬁg - peptide-specific peptide sequences that bind
protein Presentation Tregulatory cells to HLA and activate
containing 5 D regulatory T cells
Tregitopes y / g

» Identified by Epivax
immunoinformatics

/ \m

Activated Tregs searching on epitopes that
Ehunemerges modify coengaged are homologous across
_ Corresponding antigen-specific T g
An;lbody or T Cells off cells and APC human proteome at the TCR
rotein face
Therapeutic

« Can be co-formulated or
attached to immunogenic
proteins to provide
antigen-specific tolerance

Decreased HLA |
class Il, CD80,
CD86 on APC

«  Wide range of therapeutic
applications

Two mechanisms of action:
— Effects directly on Tregs

— Effects on APC
De Groot AS et al Expert Rev. Clin. Pharmacol. 6(6), 651-662 (2013)
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* Novel modalities for treatment of autoimmunity: application to
immunogenicity of biological therapeutics.

— CD19 CAR-T cells

— Therapeutic Drug Monitoring (TDM) of TNF mADbs: sustained clinical
efficacy and prevention of ADA

EpiVax — non-confidential



Breakthrough Therapeutic: CD19 CAR-T Cells for Ep|VaX

Treatment of Autoimmune Diseases-A Magic Bulle

Rituximab has poor efficacy in SLE despite recurrent dosing

« Upregulation of BAFF following depletion by rituximab associated with increased flares, increased dsDNA
antibodies and faster repopulation of B cell populations

« Alleviated to an extent by treatment with belimumab

Study: CD19 CAR-T cells for Treatment of Patients with severe SLE, Scleroderma,
Inflammatory Myositis

« Single infusion of CD19 CAR T cells: 8 patients with severe SLE, 3 patients with idiopathic inflammatory myositis
and 4 patients with systemic sclerosis who received a single infusion

Patients all preconditioned with fludarabine and cyclophosphamide

Safety: No moderate- or high-grade cytokine release syndrome (some patients treated with
Tocilizumab) or Immune effector cell-associated neurotoxicity syndrome; 1 serious infection but
infections were mostly mild upper respiratory tract infections

Efficacy assessed up to 2 years after CAR T-cell infusion by Clinical Disease Specific
Scales: full B-cell reconstitution for up to 2 years without disease relapse

ol2zlza EpiVax —non-confidential Muller F et al N Engl J Med 2024;390:687-700.



Are CD19 CAR-T cells a “Magic Bullet” for

Autoimmune Diseases Marked by Autoantibod |
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Safety: Vaccine Antibodies Generally Maintained at Epiva X

Level in Patients treated with CD19 CAR-Ts
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Prolonged Depletion of Memory B Cells but Rapid Ret ~
Naive B Cell Population Under Inmunomodulatory Cond Eplvax
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Patients Preconditioned with Fludarabine and Cytoxan: EinaX
Did this “Set the Stage”? ‘ LGN

First, induce remission.
Interrupt effector
pathways, without

interfering with
lati ne Tolerance o
b ot Therapeutic Restoration of Immu Second, stabilize the
remission; push the

immune system towards a
regulated environment
while in remission

Consolidation

Nepom GT (2022) .Front. Immunol. 13:962177.



Fludarabine and Cytoxan Preconditioning had Profot @
on T and B cell Populations and Disease Prior to CD19 EpIVaX
Cells \ NSO\
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Key Question: is Immune Tolerance Indi Eprax

=

Does a single course of preconditioning plus CD19 CAR-T induce tolerance?
If so, what is the mechanism(s) of immune tolerance?

1) Active Immune Tolerance
* Tregs
* Bregs

2) Anergy: immune checkpoint molecule expression on autoreactive T cells?

3) Deletion
Essential to define mechanism.
Is tolerance concomitantly induced to “innocent” or pathogenic bystanders?
Durability: effects of intercurrent infection or trauma

5/22/24 EpiVax — non-confidential 37



Could CD19-CAR T Cells Replace Multi Drug Prolonged Im Einax
LR

Suppressive/Tolerizing Regimen to Eliminate Life Threater
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— Therapeutic Drug Monitoring (TDM) for TNF mAbs
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Inflammatory Bowel Disease is Progressive, Destructive, a E p |Vax

a High Risk of Surgery and Colostomy

Progression of Digestive Damage and Inflammatory Activity in a Theoretical CD Patient
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CD = Crohn's disease; CDAI = Crohn's disease activity index; CDEIS = Crohn's
disease index of severity; CRP = C-reactive protein.
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2011;17(6):1415-1422



mAbs to TNF Have Revolutionized the Treatment of IBD &k E p |Vax

Rate of Secondary Loss of Response due to ADA

Rate of primary non-response
z
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IFX: infliximab
ADA: adalimumab

Ben-Horin and Chowers Aliment Pharmacol Ther
2011;33:987-95
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Maintenance of High Drug Concentrations of -
Enhance Mucosal Healing in IBD ._ EplvaX

Infliximab and adalimumab concentration threshlds associated with
objective therapeutic outcomes in inflammatory bowel disease
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deviation (whiskers). Papamichael et al 2019 CGH



Proactive TDM of Biologics in IBD: improved re 1
rates and prevention of ADA - Ep%%

= Measurement of trough Associated with better
concentration and antibody therapeutic outcomes
levels with the goal of compared to empiric
A el Ul gy optimization and/or reactive

to achieve a threshold drug TDM of anti-TNF therapy
concentration

Proactive
TDM

Optimized monotherapy Infliximab de-escalation’ or
instead of combination discontinuation™ when in
therapy with an clinical remission

immunomodulator

Adapted from Papamichael and Cheifetz Curr Opin
Rheumatol 2020;32:371-379



Markedly Diminished IBD-related surgery, hospitalization,

antibodies, and Serious Infusion Reactions with Proactive TDM

IBD-related surgery
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* Multicenter (BIDMC and
UPenn), retrospective,
observational study.

* 264 patients with IBD who
responded to infliximab and
received maintenance
therapy and underwent
either proactive or reactive
TDM, based on the first
infliximab concentration /
antibodies to infliximab
(ATI) measurement

Papamichael K, et al. Clin Gastroenterol Hepatol.
2017;15(10):1580-1588.



What is the Mechanism by which Proactive Ep|Va X
KOO

Reduces ADA (ATI) and Likely Induces Tolere

=

Hypothesis: By ensuring high maintained levels of TNF-mAbs immunogenicity is
prevented because sustained presentation of Tregulatory epitopes present in TNF
mADbs prevents or counters the immunogenic Teff epitopes

» Adalimumab: contains Tregitopes 289 and 167 in Heavy Chain
» Etanercept (Enbrel) contains Tregitope 289 in its Fc domain

* Infliximab contains Tregitopes 289 and 167

Experiments to test hypothesis:

* Further information from IEDB database: functional readouts from peptide sequences defined as
immunodominant and recognized as Tregitopes 167 and 289 in TNF mAbs

 MAPPS assay verification using B cell populations, macrophages, DCs to evaluate presentation of
Tregitopes embedded in TNF-mAbs on HLA class | and Il.

* HLA transgenic mice treated with TNF-mAbs



Regulatory T cells Epitopes (Tregitopes) Present Eina)(
Immunoglobulin IgG Conserved Domains ' LU

» 15-20 aminoacid peptides in conserved IgG
regions

* Tregitopes are presented by multiple HLA
Class Il molecules

* Highly conserved among IgG molecules
across species: potential basis for IVIG

B Tregl67 T 4 induced regulation

. Treg289

Adapted from Guddat et al. (1993) Proc. Natl. Acad. Sci. USA
90:4271

* Induce natural Tregs to modify immune

responses



Tregitopes 167 and 289 in Adalimumab Heavy ( iVa)(

Sequence: ADALIMUMAB_FULL-HC
March 28, 2024 (Epx Ver. 1.2 with DR9)
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Tregitopes 167 and 289 in Infliximab HC 1IVax

Sequence: INFLIXIMAB_FULL-HC
March 28, 2024 (Epx Ver. 1.2 with DR9)
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Tregitope 289 in Etanercept

Sequence: ETANERCEPT_FULL
March 28, 2024 (Epx Ver. 1.2 with DR9)
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What is the Mechanism by which Proactive TDM 9 Ep|VaX

ADA and may Induce Tolerance?

Experiments to test hypothesis:

* Further information from IEDB database: functional readouts from peptide sequences defined as
immunodominant and recognized as Tregitopes 167 and 289 in TNF mAbs

 MAPPS assay verification using B cell populations, macrophages, DCs to evaluate presentation of
Tregitopes embedded in TNF-mAbs on HLA class II.

* HLA transgenic mice treated with TNF-mAbs
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