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ABSTRACT

Background: IL-12 exhibits potent anti-tumor properties by enhancing the cytolytic activity and tumor infiltration by natural killer (NK) cells and
cytotoxic T lymphocytes (CTLs) and activating Th-1-type immune responses [1-2]. However, systemic administration of recombinant IL-12 protein is st
a challenge due to serious, and sometimes fatal, toxicity resulting from interferon-gamma (IFN-y) overproduction [3-5]. Viral and non-viral vectors for
IL-12-based cancer treatment represent an alternative therapeutic strategy, which can be combined with pro-drug-activated cancer killing approaches.
Combined gene delivery of genes encoding IL-12 and herpes simplex virus thymidine kinase (HSV-TK) significantly boosts anti-tumor efficacy in animal
studies and has been shown to be safe in human dlinical studies when administered intratumorally [6-12]. Here, we present a novel approach for in
vivo gene delivery of IL-12 combined with an enhanced variant of HSV-TK (HSV-eTK) with optimized stimulation of tumor killing.

Methods: A non-replicating retrovector encoding murine 1L-12 in combination with HSV-eTK (MGEN-1013) was administered intratumorally or
systemically in a subcutaneous (SC) tumor model of CT26 murine colorectal cancer in syngeneic BALB/c mice. Mice receiving mGEN-1013 were
subsequently treated, or not, with ganciclovir (GCV) pro-drug, which is converted by HSV-eTK produced in situ to phosphorylated GCV, resulting in cell
Killing. General health and body weight as well as tumor growth and survival were monitored over time, and immunophenotyping of peripheral blood,
spleen, and tumor-infiltrating immune cells was performed.

Results: Our data shows that in a subcutaneous CT26 tumor model, intratumoral and systemic gene delivery of IL-12 by the mGEN-1013 vector
induced local anti-tumor immune responses primarily by in vivo production of IL-12 stimulating NK cells and CTLs to kill tumor cells and produce IFN-y.
Gene delivery of miL-12 in combination with HSV-eTK by the mGEN-1013 vector either alone or followed by GCV pro-drug showed clearly observable
tumor growth inhibition compared to the control animals. Systemic anti-tumor effects of IL-12 delivered by mGEN-1013 were not associated with
visible signs of clinical toxicity or significant body weight loss.

Conclusion: These results show the potential of GEN-1013 as a tolerated and effective IL-12 ~based therapy for both local and systemic delivery.
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RESULTS

mGEN-1013 Administration Is Well-Tolerated With Final Post-Administration Serum IL-12 Levels
Below Maximum Tolerated Level in Humans (IV and IT Dosing)

Average Serum miL-12

Group Concentration (pg/mL)

Range
(pg/mlL)

No body weight loss from mGEN-

n
(Day 26) 1013 administration

No clinical observations indicating

Vehicle 25 0-54 6
v systemic toxicity on vector
mGEN-1013 (V) + PBS 113 57-169 9  tration.
mGEN-1013 (IV) + GCV
> 02 ereed eve reported
Ximu 'V
mGEN-1013 (IT) + PBS 51 26-88 6 in humans and NHPs.

, MGEN-1013 (IT) + GCV 15

0-29

6

on Day 26 in response to vector IV dosing was < 250

o - ed
pe/mL, well below the C,,,, on IV dosing at the MTD in cancer patients (~11,000 pg/mL; Atkins 1997 CCR) or SC dosing (~700 pg/mL; Motzer 1998 CCR)

Flow Cytometry Immune Cell Profiling of Tumor and Circulating Blood Cells Suggests That The

activating the effector TH1 cells to produce IFN-y, which is required for the activation of antigen presenting cells, which in turn activate cytotoxic T
and NK cells, resulting in tumor clearance [1]. However, potentially lethal toxicity associated with systemic administration of recombinant IL-12
protein precludes its clinical application [11]. Realizing the potential benefits of IL-12-based therapies for solid malignancies requires localized IL-
Figure 2. Proof of Concept Pilot Study Data

12 expression with only limited systemic exposure to mitigate the associated toxicity.
Figure 1. GEN-1013 Retrovector Linear Genome Map
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The GEN-1013 y-retrovector (genetic payload map in Figure 1) preferentially transduces
rapidly dividing cell populations, including proliferating tumor cells.
Tumor cells transduced by GEN-1013 can provide a source of antigens to the immune
system with the potential to reverse tumor immune tolerance.
Conversion of the prodrug ganciclovir by HSV-eTK protein expressed from the GEN-1013
payload offers a key mechanism for the release of novel and patient-specific tumor
antigens from dying tumor cells to a local immune environment stimulated by tumor
expression of the IL-12 payload gene.
HSV-eTK can also function as a “safety switch” to mitigate any risks associated with off-
target cell transduction by GEN-1013.
As human IL-12 is inactive in wild-type mice, surrogate vector (mGEN-1013) encoding for
murine IL-12 is used in immune-competent BALB/c mice of > 8 weeks of age. Early pilot
proof-of-concept data for IV-administered mGEN-1013 in such mice engrafted with
aggressive CT26 murine colorectal tumors showed significant tumor inhibition (Figure 2).
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CT26 murine carcinoma cells (ATCC Cat # CRL-2638) cultured in RPMI 1640 media + 10% FBS were inoculated into female BALB/c mice (7-8 weeks)
subcutaneously into the right flank (1.5x105 CT26 cells/100 L PBS). (Matrigel was not used in this study.)
Tumors were measured twice per week using a digital caliper and tumor volume was calculated using the formula (Length*Width?)/2.

* Final tumor measurements were made on Day 25.

On day 13 post-inoculation, 100 L of Vehicle (20 mM histidine, 10% w/v sucrose, pH 6.5) or MGEN-1013 was injected intravenously (4.3E+08 vector
genomes/mouse) via tail vein using a 30G needle or intratumorally (IT) (2.1E+08 vector genomes/mouse) using a 25G needle. Each animal received

one (1) vector dose or vehicle every other day for a total of three (3) doses.

(IP)for 5 days (Figure 3).

Three days after the 3 vector or vehicle dose, GCV (50 mg/kg) or PBS was

On day 26, serum was collected for IL-12 analysis by ELISA, and whole blood and tumors were collected for immunophenotyping of lymphoid and

myeloid subsets by flow cytometry.

Ordinary one-way ANOVA with Tukey's multiple comparisons test was used for flow cytometry analysis (*: p < 0.05; **: p < 0.01, ***: p<0.001).
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Figure 4. Circulating T-lymphocytes are elevated on IV administration
of mGEN-1013. Systemic administration of mGEN-1013 (IV) significantly
increased blood circulating CD45°CD3" cells. A possible trend towards
CD8* T-lymphocytes is observed, though levels were not significantly
different under the conditions of this study. No elevation in blood NK
cells was seen post-mGEN-1013 administration. (data not shown)
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RESULTS (Continued)

Tumor Growth Inhibition by mGEN-1013
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Figure 6. Tumor Growth Kinetics For Each Group. Tumor growth curves of individual mice are e et
shown for vehicle and treatment groups. Tumors were measured twice per week by digital caliper. s
Per institutional IACUC guidelines, euthanasia is required if tumors exceed 2000 mm?. Individual
animals were therefore classified based on their tumor size relative to a pre-specified maximum
tumor volume (1900 mm?) reached before euthanasia was implemented.
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Figure 7. Percent of Tumors Below Pre-
Specified Euthanasia Threshold Over Time.
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Figure 5. Effector immune response in tumors induced by mGEN-1013. A
trend towards increased IFN-y production in tumor-infiltrating CD8* and NK
cells is observed for both IT and IV administration. Significant increase in
tumor infiltrating APCs was observed on IV administration in the absence of

GCV. No differences were seen in APCs on IT administration.
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ON & CONCLUSION

* Reduced tumor volumes compared to control animals were observed after both intravenous (IV) and
intratumoral (IT) administration of mGEN-1013.

In the case of IV administration of mGEN-1013, ganciclovir (GCV) treatment was not required to inhibit tumor
growth for the majority of animals (whose tumors stayed below the pre-specified euthanasia threshold).
Following IV administration, therapeutic benefit was associated with significant expansion of circulating T cells
and increased intratumoral antigen-presenting cells as well as enhanced IFN-y expression in tumor-infiltrating
NKand CD8* T cells.

In the case of IT administration, GCV treatment was associated with reduced tumor growth rate and more
animals whose tumors remained below the pre-specified euthanasia threshold.

IT mGEN-1013 also resulted in enhanced IFN-y expression in tumor-infiltrating NK and CD8* T cells.
Therapeutic benefit and immunological responses were observed at a mGEN-1013 dose level that was
well-tolerated and which resulted in limited systemic exposure of IL-12.

Complete pre-clinical evaluation to determine the therapeutic window of GEN-1013 is ongoing, including
comprehensive pharmacology and toxicology assessments.

Conclusion: GEN-1013 has potential as a novel platform for IL-12 immunotherapy of solid tumors, with both IV
and IT administration resulting in anti-tumor efficacy while avoiding toxicity observed with systemic recombinant

| HSV-eTK provides a kill switch as a safety mechanism and may also a ent tumor antigen presentation.
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