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Tumor suppressor TUSC2 immunogene therapy Is synergistic with anti-PD1 in syngeneic
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TUSC2, a tumor suppressor gene whose expression is reduced or is deleted in 829 of non-small cell lung cancers (NSCLC) Infiltration of immune cells into the tumor microenvironment. TUSC2 in combination with anti-PD1 profoundl Therapeutic efficacy of the TUSC2+anti-PD1 combination in a lung metastasis model. TUSC2 treatment in
and 100% of small-cell lung cancers (SCLC). We previously showed that restoration of TUSC2 significantly inhibits tumor : P y P : - . T . . .
. : : . T . ; ; - 1t ; T : combination with checkpoint blockade recruited NK cells and inhibited regulatory immune cells in tumor-bearing lungs.

h and h ft NSCLC models th h ind f d inhib f stimulated the antitumor immune response facilitated through expansion of tumor infiltrating cytotoxic T cells. Vectra . Rt - . A . )
g_rovvt an metastases IN mouse human xgnograt ) Models t rough in uction of apoptosis and inhibition o tyr_osme analysis (N=100 images from 3-5 tumors/group) of histopathological slides shows high infiltration of CD8 T cells and The TUSC2+anti-PD1 combination significantly prolonged survival in a lung metastasis model refractory to checkpoint
kinase signaling pathways. Altered expression of a wide spectrum of cytokines has been observed after forced expression of y = 9 ) group Slop gice VS hig ratio blockade alone. Lung images were taken and single cell analyses were performed 2 weeks after tumor cell injection
TUSC2 in NSCLC cells. Prolonged complete responses observed in TUSC2 clinical trials suggest that TUSC2 may modulate low numbers of regulatory cells in the tumor microenvironment of mice treated with the combination.
the immune response. Checkpoint blockade immunotherapy against PD1 and PD-L1 yields durable antitumor activity in a .
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The TUSC2 gene was injected intravenously in N-[1-(2,3-dioleoyloxy)propyl]-N,N,N-trimethylammonium chloride ST o ) - » : Gr-1(+)ve cells Survival on Lung Metastasis Model
(DOTAP):cholesterol nanovesicles encapsulating a TUSC2 expression plasmid. Two syngeneic mouse models were used for e Y - 1 ' . 401 — o — —— Control
this study: (1) C57BL/6 mice subcutaneously injected with murine lung adenocarcinoma CMT/167-luc cells (KrasG12V - A - 15 N, 6 o % ) L 208, : : S — e = | =1 —— PD1+CTLA4
mutation) and (2) 129S2 mice with 344SQ adenocarcinoma with a KrasG12D allele and a knock-in Trp53R172HAG allele, P A ‘ ’ ? goate e T e = el e
which metastasize to the lung. Tumor growth was monitored by scoring ex-vivo luminescence using the IVIS Imaging s e et T § so. —_— TUSC2+PD1+CTLA4
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Antitumor efficacy of TUSC2 in combination with anti-PD1 in a syngeneic mouse model of NSCLC. TUSC2+anti- Week 3 *coniol b1 TUSC2TUSCoePDL A A S = ki
PD1 exhibited greater antitumor activity than either single agent or control (Cont). (Left) Tumor intensity curve (N=10); (ns, not significant) ° g e s
(Middle) IVIS imaging of subcutaneous tumors; (Right) Tumor volumes. . f
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Tumor inoculation (subcue) TUSC2 IV injection 20ug/mice (PBL & spiconoayte) e Ay & TUSC2 antitumor activity is dependent on NK cells. The antitumor effect of TUSC2 was abolished when NK cells o beims _ _ g
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oL 0-00E+00 +———— ————— a 2 B 1. The antitumor activity of TUSC2 alone is significantly greater than that of control or anti-PD1 treatment alone. The
a combination of TUSC2+anti-PD1 shows a greater antitumor effect than either single agent.
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R ., N ; N N _ 2. Immune profiling of peripheral blood revealed significant upregulation of NK cells by TUSC2 or TUSC2+anti-PD1.
Effect of TUSC2 alone or in combination with anti-PD1 on immune cell populations in peripheral blood. Multi- <,°°°° & &3" & m\@& @0 g T Increased numbers of CD8 cells and decreased numbers of Treg and MDSC cells were found in the circulation after
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color flow cytometry showed that TUSC2 significantly upregulated NK and cytotoxic T cells, and downregulated &S o 9 £ treatment with TUSC2 or TUSC2+anti-PD1.
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regulatory T cells, myeloid-derived suppressor cells (MDSCs), and B lymphocytes in tumor-bearing mice. The plot at < = S 3. Significantly higher numbers of cytotoxic T cells infiltrated into the tumor microenvironment in mice treated with TUSC2 or
the upper left s_hows thaF TUSC2 upregulated NK cells by 3-fold in tumor-free mice. All analyses were done 2 weeks 25 Th1/Th2 ratio the TUSC2+anti-PD1 combination. This was associated with reduction in numbers of Gr-1-positive and FoxP3-positive
after tumor cell implantation. pz<0001 p= .01 , TUSC2_Control , pvalue < 0.05 highlighted: n = 27 cells, which was strongly associated with antitumor response.
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T o (lood) gy [ Ptetion (lood) . CD8 T cell (Blood) - pu 4. The antitumor activities of TUSC2 and TUSC2+anti-PD1 were completely lost when NK cells were depleted, suggesting
40 i p=<.0001 ¥ that the synergistic antitumor immune response induced by TUSC2 is mediated by NK cells.
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2 307 * z = « g PR 5. Serum analysis revealed strong Thl-mediated immune responses induced by TUSC2 or TUSC2+anti-PD1, which were
ézu % e - Nos2 " diminished in NK cell depletion. Increased IL-15 and IL-18 serum levels were associated with NK upregulation.
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® = 107 Tofrsto 6. TUSC2 in combination with checkpoint blockade (anti-PD1 anti-CTLA4) significantly prolonged mouse survival in a
109 Heta2 o Kras and p53 mutant NSCLC metastasis model. The treatment response was correlated with high infiltration of NK cells
0 o _ . \ Tel® * P — and low infiltration of MDSCs in the tumor microenvironment.
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