PRECLINICAL DEVELOPMENT OF A NOVEL TNFRSF25 AGONIST ANTIBODY, PTX-35, FOR CANCER IMMUNOTHERAPY COMBINATIONS
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Background

Tumor Necrosis Factor Receptor Super Family 25 (TNFRSF25), also known as Death Receptor
3 (DR3), is preferentially expressed by activated and antigen-experienced T-cells.! TNFRSF25
is a potent costimulatory molecule, similar to OX40, 4-1BB and GITR. PTX-35 was developed
as a humanized, affinity matured, 1gG2 mAb against TNFRSF25 for use with current cancer
immunotherapy options, including cancer vaccines. All pharmacology and IND-enabling PK
and toxicology has been completed for PTX-35. Previous proof-of-concept studies were
completed elsewhere.” > Pharmacology studies described here were completed with a
surrogate antibody, mouse-lgG1-PTX-35 (mPTX-35). Regulatory T-cell expansion studies
were completed with Foxp3-RFP+ transgenic mice (FIR). CD8+ T-cell expansion studies were
conducted with adoptively transferred OVA-specific, TCR-transgenic, CD8+ T-cells (OT-1).
Human PTX-35 was tested in 28-day mouse, 2-week and 8-week non-human primate (NHP),
toxicology studies. Human, mouse, and monkey, in vitro, tissue-cross reactivity tests were
also performed to check species cross-reactivity. Human PTX-35 was also tested in a human
PBMC stimulation assay, in vitro, to check for impact on proliferation and cytokine release.
TNFRSF25-engagement in mice expanded antigen specific CD8+ T-cells when given in the
context of vaccination (6 and 19-fold increase in CD8+ T-cells in blood over vaccination alone
at peak and boost, respectively), and Tregs were expanded in vaccine absence in FIR animals
(2-fold increase in CD4+ Foxp3+ T-cells in blood). The MABEL and NOEL, in FIR mice, using
mPTX-35, was determined to be 0.01 mg/kg and 0.001 mg/kg, respectively. The 2-week PTX-
35 treatment of cynomolgus monkeys confirmed findings in mice, that treatment results in
the expansion of Teff and Treg cell subsets. Intravenous bolus injection once every 2-weeks
over an 8-week period was well tolerated giving a NOAEL of 100 mg/kg. Species cross-
reactivity was observed for mouse, human and monkey tissues. No adverse events were
recorded for the 28-day mouse toxicology study. Testing PTX-35 in a human PBMC, anti-CD3
proliferation assay, in vitro, showed that TNFRSF25-engagement provided the necessary
costimulation to drive cellular division at sub-optimal concentrations of anti-CD3 (2-fold
increase), providing the necessary in vitro, human proof-of-concept data, which was
consistent across four different human blood donors. PTX-35 is a potent costimulatory
agonist targeting a novel pathway that can work in concert with cancer vaccines. Due to the
ability of PTX-35 to possibly stimulate both pro-inflammatory and anti-inflammatory
pathways, depending on treatment context, therapeutic modulation can provide numerous
opportunities for cancer and inflammatory diseases.3 # ©
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Figure 1: TNFRSF25 (DR3) Engagement by PTX-35 Synergizes with Cancer Immunotherapy
Tissue-matched, allogeneic tumor lines are engineered to express soluble heat-shock protein, gp96, with
the KDEL endoplasmic reticulum retention sequence replaced by an IgG1 Fc chain (HS-110). Since gp96
is responsible for folding endogenous proteins, many of which are destined for MHC-I loading;
sequestered tumor peptides are delivered to antigen presenting cells (APCs) for CD8+ T-cell cross-
presentation. Gp96 is a danger associated molecular pattern (DAMP) that stimulates inflammatory
cascades via TLR2/4 stimulation and via uptake by scavenger receptor CD91. With the addition of a
costimulatory TNFRSF25 agonist antibody, PTX-35, anti-tumor CD8+ T-cell responses are further
enhanced. Activation of DCs by tumor-antigen loaded gp96 and CD8+ T-cell costimulation by PTX-35 can
enhance the innate and adaptive arms of the immune system and synergize with antigen-driven
immunotherapy to generate potent tumor-killing effector cells and long-term memory. Figure originally
adapted from Nicchitta CV, Nature reviews Immunology, Vol-3, May 2003

Generation of Anti-TNFRSF25 Agonist Ab, PTX-35
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Figure 2: Generation of Human and Mouse Surrogate, Anti-TNFRSF25 mAb, PTX-35

PTX-35 was developed by a humanization process of transferring the complementarity binding regions
(CDRs) of the IgH and IgL chains from hamster antibody, 4C12, onto a human IgH and IgL chain
framework backbone. PTX-35 was then matured by amino acid substitution to increase its affinity and
strength of binding by modification in the variable binding regions. Mouse PTX-35 (mPTX-35) was
generated by placing the human PTX-35 variable domains onto a mouse IgG1 backbone, to allow for
proper in vivo Fc-Fc-gamma-R cross-linking and TNFRSF25 signaling.
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Figure 3: TNFRSF25/DR3-Relative Binding Affinity Determination in Jurkat Cells

Serial dilutions of the human and mouse surrogate PTX-35 antibodies were made and dispensed into 96-
well assay plates. 4C12, the precursor to PTX-35, and the IgG1 and IgG2a isotype controls were also
tested. Jurkat-DR3 cells were then added to each of wells containing the antibody dilutions. The Jurkat-
DR3 cells are a human T cell line that express the luciferase gene under the control of the NF-kB
promoter that is activated upon stimulation of the death receptor 3 (DR3) signaling pathway. After
incubation at 37°C for 6 hours, relative light units (RLU) were determined through use of the Bio-Glo™
luciferase assay system (Promega). BLLQ = Below lower limit of quantitation

Costimulation Proof-of-Concept — Primary Human PBMCs

CD4+ T-cells CD8+ T-cells
% 100- x 100-
é § -& vehicle
*kk%k
c 80 I c 801 -e- PTX-35100 ng/ml
< <
E= = -~ Isotype 100 ng/mL
2 60- 3 60- yP ?
g c
2 401 2 401
s s
(] [
£ 201 = 20-
o o
o o
N 0- T T T T T T T T T T T T 2 0- T T T T T T T
NONIN O O O N NI NSO @ OO
Q . N S S . N
S o &S S S °© S \@“ @@
N N

anti-CD3 (ng/mL) anti-CD3 (ng/mL)

Figure 4: Plate-Bound Anti-CD3 Stimulated Human PBMCs in the Presence of PTX-35

CFSE-labelled PBMC were stimulated with serial dilutions of plate-bound anti-CD3 for 72 hours in the
presence of serial dilutions of test substance (PTX-35) or isotype control (hlgG2). Cells were then stained
for viability, CD4 and CD8; and CFSE dilution was assessed by flow cytometry with gating on CD4 versus
CD8 within the viable cell population. Data show the proportion of CD4+ and CD8+ T cells that divided
and are presented as mean + SEM (n=4 biological replicates). ****p<0.0001 as determined using a
repeated-measures two-way ANOVA with Dunnett’s multiple comparison test comparing PTX-35 to
isotype control.
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TNFRSF25-Agonism Synergizes with Immunotherapy
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One-way ANOVA statistical test
Dunnett’s multiple comparisons test Significant? Adjusted P-value
mPTX-35 (10 mg/kg) vs. mHS-110 No 0.0594
mPTX-35 (10 mg/kg) vs. mHS-110 + mPTX-35 (0.1 mg/kg) Yes 0.0102
mPTX-35 (10 mg/kg) vs. mHS-110 + mPTX-35 (0.1 mg/kg) Yes 0.0064
mPTX-35 (10 mg/kg) vs. mHS-110 + mPTX-35 (0.1 mg/kg) Yes 0.0103

Figure 5: Synergistic Anti-Tumor and T-cell Activity of TNFRSF25 Agonism Combined with Antigen-
Driven Cancer Immunotherapy

(A) Purified, CD8+, OVA-specific, transgenic T-cell receptor, eGFP-OT-1 cells were transferred into
C57BI/6 mice two days prior to challenge with vaccines and mPTX-35. Arrows indicate challenge dates;
graph shows expanded OT-1 populations in the peripheral blood over time as determined by flow
cytometry. (B) On day 28, B16F10-OVA tumor cells were implanted s.c. and growth was measured over
time. (C) Tumor volume was matched against OT-1 expansion showing correlation.

In Vivo, MABEL & NOEL Determination

Peak Day 6

(vehicle treated background adjusted) ' A

*C:«’@ 0.3 mg/kg j Y?

1
(<4
EN 0.0001 mg/kg |
o 125 1 - i - ac12
© 1 30 mg/kg
— 94 = T
[] i
+ o e .
< 1 1 il " -
8 6 T - 0.001 mg/kg 1mg/kg °
b o g 7
o 3_ U wd : ‘ » AT ) PR
» c W W W TS
o T
[T o k!
0 o T g mPTX35-1gG2
1 1 I I Q wl . 30 mg/kg
- |
2 8 8 88888 88 G| oomee ¢ o @
X X x X x x x x Q x = | : % .
F - F F = F B - < .
. & & & & & & & 2 o 8 T T
() (L] (O) Q (O] Q (O] (O) £ N [8)
> 2 2 » 2 » 2 o S E % m ,;g
o —_— [T 4 " 41
s, E, E, E, E, s, E, E, < E 0.1mgfkg | 30mg/kg |
X X & X X X x X o " Z ' "
~ — e 1 — ~ ~ ~ x
> o9 ® O O D D O = o o
€E E E E E E E E g’ T
S &5 5 35 2 - ¢ 8 o
S o g © @ N ™
e o
o

RFP-Foxp3+

Figure 6: MABEL & NOEL Determination to Estimate Optimal Immunological Dose (OID) for Phase 1 Studies
Using RFP-Foxp3 (FIR) transgenic mice, TNFRSF25 engagement in the absence of inflammation will drive
the expansion of regulatory T-cells. Different concentrations of mouse PTX-35 was provided i.p., as a
single injection, to FIR mice and regulatory T-cell expansion tracked in the peripheral blood over time by
flow cytometry. The minimum anticipated biological effect level (MABEL) and no observed effect level
(NOEL) were determined to be 0.01 mg/kg and 0.001 mg/kg, respectively. With a pharmacological active
dose (PAD) range of 0.1 to 10 mg/kg.
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Figure 7: PTX-35 Expands Regulatory & Conventional T-cells in NHPs

Human PTX-35 was tested in non-human primates (NHPs) in a dose ranging fashion by i.v.
bolus injection at 1, 10, 50 and 96 mg/kg/dose, once every 14 days for a total of 2 doses.
All doses resulted in plasma concentrations greater than 50-fold above the EC50, thus all
groups were analyzed together. Monkeys were dosed on day 0 and 15. Graphs show flow
cytometry of stained peripheral blood leukocytes, mean + SEM, statistics were Mann-
Whitney, *p<0.05, **p<0.01.

TNFRSF25-Agonism Does Not Increase Tumor Tregs
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Figure 8: TNFRSF25-Agonism Does Not Increase Tumor Tregs

Lewis lung carcinoma (LLC) tumors were established in mice, then treated with TNFRSF25-
agonist, 4C12, alone. Spleen, mesenteric lymph node (mLN), tumor draining lymph node
(TDLN) and tumor were analyzed for proliferating (Ki67) Foxp3+ CD4+ regulatory T-cells by 5.
percent and absolute number. Natural (nTreg) and induced (iTreg) cells were analyzed.
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