Lysosomal-associated membrane protein-1-targeting of a poly-neoepitope DNA vaccine elicits
potent immune responses and inhibits tumor growth

Pratima Sinha’, Guilhem Richard?, Matthew Ardito?, Leonard Moise®#, Gad Berdugo4 and Teri Heiland’

o
% mengc)lec 'Immunomic Therapeutics, 15010 Broschart Road, Rockville, MD 20850, “EpiVax Oncology, Inc., 180 Varick Street, Suite 665, New York, NY 10014, 3EpiVax, Inc., 188 E p Iva x
&’ Valley Street, Suite 424, Providence, Rl 02909, 4Institute for Immunology and Informatics, University of Rhode Island, 80 Washington Street, Providence, Rl 02903 /RN ONCOLOGY

“ UNITE™ platform: Unique Mechanism of Action Poly-neoepitope UNITE vaccine generates Ag-specific memory

Cancer vaccines have traditionally succeeded in preventing viral-induced malignancies, response in tumor-bearing mice

such as papilloma virus-associated cervical cancer and hepatitis B-associated e UNITE™-VAX utilizes plasmid DNA expressing poly-neoepitope and LAMP to deliver

hepatocellular carcinoma.  Conceptually, tumor-specific protein coding mutations poly-neoepitope to the MHC Il compartment, enhancing antibody generation and CD4+ ice thatrected
(neoantigens) are ideal targets for cancer immunotherapy. Neoantigens are not expressed T cell responses. CT26 tumor

in healthy tissues and therefore are exempt from central tolerance and can potentially be l l Measure tumor l
AN A A growth and survival

recognized by T cells to facilitate tumor rejection. However, every patient’s tumor Based on our previous studies, we hypothesize that UNITET™M-VAX can rapidly prime and —————————————— L

possesses a unique set of mutations that must first be screened for optimal target activate antigen-specific CD4* T cells and these activated CD4* T cells play an essential Days 0 14 28 3 o4
selection, presenting a challenge for neoantigen vaccine development. We present here role for the function and infiltration of CD8* T cells into tumor sites. Blood  10°CT26 2X10°CT26 s.cin right flank

ELISPOT s.cinflank 105 TSA s.cin left flank
the merging of two innovative and complementary approaches for identifying neoantigens
and delivering personalized cancer vaccines. —@— Control Vector
The CT26 mutanome was evaluated with Ancer™, an innovative and automated o B antigen B accicer @— Foly-neoepitope UNITE
neoepitope prediction platform that combines proprietary machine learning-based MHC e [] . = @— Foiy-neoepitope UNITE

class | and MHC class |l neoepitope identification tools with removal of inhibitory
L Inject CT26 right flank
* or TSA left flank

regulatory T cell (Treg) epitopes for optimal personalized cancer vaccine design. MHC class _: Antigen-LAMP
(6/12)
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I- and MHC class lI-restricted CT26 neoepitopes, devoid of putative Treg epitopes, were

ranked according to their immunogenic potential and tumor expression level. The twenty ntigen Presenting cells (APCs)
most highly Ancer-ranked neoepitopes were subsequently introduced as a “string of
beads” DNA vaccine into the UNITE (UNiversal Intracellular Targeted Expression) platform
(poly-neoepitope UNITE vaccine). The UNITE platform is based in part on lysosomal
targeting technology which results in enhanced antigen presentation and a balanced T cell CD4 T cell re ' '
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response. Days after CT26 inoculation Days after TSA / CT26 inoculation

We report that prophylactic vaccination with poly-neoepitope UNITE vaccine successfully Classical activation of CD4* T cells is poly-neoepitope DNA-mediated activation . o . . . L .
Figure 4: A. Vaccination schedule. BALB/c mice (12 per group) were immunized with either control vector or poly-neoepitope

induced IF.Ny-pro.ducm.g Thl cells, with Complete rejection of CT26 tumors Ob?erVEd n initiated by antigen-presenting cells that of CD4* T cells is achieved through UNITE vaccine by ID+EP with three doses at 2 weeks intervals. Nine days after last immunization, mice were inoculated with
50% of mice. Mice rejecting tumors were also protected from rechallenge with CT26, process extracellular antigen and present processing of endogenous antigen by 108 CT26 tumor cells (ATCC). Survival was recorded. B. Kaplan-Meier plot to show survival. The surviving mice (6/12) from B
demonstrating that effective antigen-speciﬁc memory was induced in these animals. In it through MHC class | antigen-presenting cells were re-injected with CT26 tumor cells in the right flank and TSA tumor cells in the left flank. Tumor growth was recorded (C).

: L : g Individual t | f n=6 surviving mice, th CT26't _growth in right flank.*p<0.0001 by Log-rank
therapeutic vaccination studies, we observed CT26 tumor growth inhibition in 46% of nAIVIgLA’ tumor voilime OF =5 SUTVIVING MILE, There was no HMOr Te-growtn in right tlank.”p y Log-ran

_ _ _ ] _ . o (Mantel-Cox) test and Gehan-Breslow-Wilcoxon test.
animals immunized with the poly-neoepitope UNITE vaccine, as well as significantly
prolonged survival, as compared to animals immunized with the control vector.

Therefore, targeting multiple mutations encoding the best set of CD4 and CDS8 Poly-neoepitope UNITE vaccine induces robust neoantigen' POIV-neoepitope UNITE vaccine therapy extends survival in CT26

neoepitopes, as predicted by Ancer™, and using the UNITE platform may solve critical specific IFNV production tumor-bearing mice
problems in current cancer immunotherapy development. Follow-up studies will include

evaluation of the poly-neoepitope UNITE vaccine in combination with checkpoint
inhibitors. AN AN Sacrifice

. — Figure 2: A. Vaccination schedule. BALB/c
|ntrOdUCtI0n (AnNCrl) female mice, 6-7 weeks (Charles
28 40

) ) i ] ] ] . River) were immunized with either control
Goal: Design a string-of-beads DNA vaccine targeting mutations in the CT26 syngeneic vector or poly-neoepitope UNITE vaccine by

tumor model and evaluate the efficacy in vivo in tumor prevention and therapy studies. i.d. delivery in ear and electroporation on
days 0, 14, and 28. Mice were euthanized on

) ) i i ) . day 40 and spleens were collected. Cellular
How: Use Ancer™ to process CT26 variants, identify and rank vaccine candidate peptides, responses of BALB/c mice were measured

and design string-of-beads DNA vaccine using the UNITE platform (poly-neoepitope UNITE using IFNy (B) or IL-10 (C) ELISPOT.
vaccine), Splenocytes from A were stimulated with EO

peptides (2ug/ml) in T cell media for 48h.
Spots of experimental — media for each
mouse is shown. N=10 mice per group. One
0000000008 e00egeesce way ANOVA and Tukey’s multiple comparison
test using Prism software showed p<0.0001*
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Figure 5: Female BALB/c (Charles River) were inoculated s.c in flank with 2x10° CT26 (ATCC) tumor cells on day 0. Vaccine was

) ) ] ) ] started on day 6 when average + SEM tumor volume for control vector, and poly-neoepitope UNITE vaccine were 69.6 + 8.5, and
their CT26 model as well as the results of their transcriptome ana|y5|5 of the CT26 line. An 48.0 + 4 mm3 respectively. A. Data shown is average + SEM of ten mice per group. B. Survival was recorded. All the control mice

additional published CT26 mutanome and transcriptome was retrieved from Castle et al. P oy oomnone P oy moeone were dead by day 35, however poly-neoepitope UNITE vaccinated mice survived until day 53. * indicates p<0.05 on Log-rank
BMC Genomics 2014 15:190 vector UNITE vector UNITE (Mantel-Cox) test and Gehan-Breslow-Wilcoxon test.

Source Mutanome: Charles River Laboratories provided a list of mutations identified in
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IFNy spots / 10° splenocytes

In silico design of a neoantigen vaccine Poly-neoepitope UNITE vaccine prevents 50% of CT26 colon Conclusions

A tumor growth and delays tumor growth in the other 50% of mice

CT26 colon DNA encoding N, Poly-neoepitope CT26 variants were screened with Ancer™, a highly specialized neoantigen
- tal lysi lecti epit . . . . .
carcinoma catalog analysis selection neo-epitopes UNITE A l l d|scovery platform, to |dent|fy MHC I- and MHC lI-restricted neo-epitopes
NN X

378 SNVs Ancer™ Top 20 effector Measure tumor : : : :
bost QC 135 candidates  neoantigens ——) iVl with low potential for inducing regulatory T cell responses.

and filtering 28 35 37
Blood 106CT26
MHC | neo-epitopes ELISPOT s.cin flank
MHC Il neo-epitopes
No predicted inhibitory neo-epitopes

Highest ranking neoantigen sequences were concatenated into a poly-
B A - : neoepitope string of bead design and introduced into the UNITE platform.
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6/12 delayed tumor growth

o112 rejected tumor Poly-neoepitope UNITE vaccine elicits robust neoantigen-specific IFNy
responses in vivo, which in turn have significant antitumor effects in the
murine CT26 colon cancer model.
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Control  poly-neoepitope ' 20 40 6 80 Mice rejecting tumors were protected from re-challenge with CT26,

Figure 1: A. CT26 mutations were filtered based on genomic and transcriptomic features to yield 378 candidate single vector UNITE Days after CT26 inoculation , , . , _ _
demonstrating that antigen-specific memory was induced in these animals.

nucleotide variants (SNVs) for neo-epitope analysis. Corresponding mutated and wild-type sequences were analyzed with the
Ancer™ platform to identify MHC I- and MHC ll-restricted neo-epitopes and to evaluate their potential to induce inhibitory
(regulatory) T cell responses due to high homology with other self-sequences. Neoantigen sequences containing high-quality
neo-epitopes were subsequently ranked by Ancer™ based on immunogenicity, homology, genomic, and transcriptomic
factors. The 20 highest ranking neoantigen sequences were concatenated into a poly-neoepitope string of bead design and
introduced into the UNITE™ platform for vaccine studies. B. The neoepitope sequence was cloned into the NTC8382-VA1-
LAMP plasmids.

Figure 3: A. Vaccination schedule. BALB/c mice (12 per group) were immunized with either control vector (black) or poly-
neoepitope UNITE vaccine (blue) by ID+EP with three doses at 2 weeks intervals. B. Seven days after the last immunization,
blood samples from each group were pooled, and cellular responses were measured using IFNy ELISPOT. Cells were cultured . . . . .
with 10ug/ml of pooled peptides. Data represent spots forming cells from pooled samples for each group. C. Nine days after Future experlments will test the p0|y neoepltope UNITE vaccine in

the last immunization, mice were inoculated with 106 CT26 tumor cells (ATCC). Tumor growth was recorded. Individual tumor combination with checkpoint blockade in a therapeutic setting.
volume of n=12 mice per group; 6/12 mice had delayed tumor growth and 6/12 mice rejected tumor with the vaccine.
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