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of cancers to emerging immune checkpoint therapies. The present disclo-
sure demonstrates that KRAS-induced RAF/MEK/ERK/FRA signaling is
required for PD-L1 gene expression in tumor cells. Disclosed herein are
compositions for the treatment of cancer comprising modulators of KRAS
signaling combined with an immunotherapeutic agent that restores the sen-
sitivity of resistant tumor cells to the immunotherapeutic agent. For ex-
ample, a combination of a KRAS-specific asymmetric interfering RNAs
(aiRNAs) and an immune checkpoint inhibitor is shown to enhance tumor
cell-specific T cell cytotoxicity. Methods are also described for increasing
7 the therapeutic efficacy of existing anticancer treatments through the co-
administration of a modulator of KRAS signaling.
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TARGETING KRAS INDUCED IMMUNE CHECKPOINT EXPRESSION

Together with natural killer cells and dendritic cells (DCs), cytotoxic T lymphocytes
(C'TLs} can orchestrate potent anti-tumor immune responses involving both adaptive and innate
effector mechanisms. Nonetheless, tumor cells are often able to evade this immune survetllance
by commandeering immune checkpoint inhibitory pathways that are hardwired into the
immune sysfsm to retain self-tolerance and modulate the duration and amplitude of

physiological immune responses in order to minimize potential collateral tissue damage.

The PD-1 immune checkpoint pathway is one such example of an immune checkpoint
that has emerged as a critical mediator of immunosappression in the local tumor
microenvironment. The inhibitory co-receptor Programmed Death 1 (PD-1; also known as
CD279), a member of the extended CD28/CTLA-4 family of T cell regulators, i expressed on
imuwne cells, such as T, B and NK cells, whereas its ligand, the Programmed Cell Death
Ligand 1 (PD-L1, also known as CD274 or B7-H1) is a ecll surface elvcoprotein expressed on
the surface of tumor cells of solid tumors as well as on human tumor associated antigen
presenting cells (APCs), ¢.g., dendritic cells and macrophages. The interaction of PD-L1 ligand
on tumor cells with the PD-1 receptor on immune cells delivers an inhibitory sigoal to T

lymphocytes that ultimately leads to T cell anergy and HnMUNE evasion.

The development of imnwne checkpoint inhibitors that prevent the activation of the
PD-L1/PD-1 immune checkpoint pathway has resulted in unprecedented and prolonged discase
control in about 20-30% of cancer patients with melanoma, non-small cell tung cancer, renal
cancer, or head/neck cancer (reviewed by Lipson ef al, Semin. Oncol. (2013) 42(4):5387-600;
Fou et al., Sei. Transl. Med. (2016) vol. 8, issue 328, pp. 328rv4). However, it remains unclear
why the remaining 70-80% of cancer patients fail to respond to anti-PD-1 or anti-PD-L1
antibodies or why most patients with colorectal cancer, pancreatic cancer and other non-
responsive tumor types are resistant to immune checkpoint inhibitors. Hence, there is a need in
the art for treaiment modalities tarpeting cancer cells that are resistant or have acguired

resistance to immnune checkpoint therapies.

The present disclosure is based on the discovery that aberrant KRAS signaling s at
least in part responsible for the activation of PD-L1 gene expression in temor cells and for the
subsequent supprassion of tumor cell-specific T cell toxicity. T he present disclosure provides

compositions and methods that can prevent tumers from cvading immune surveillance through
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the aberrant activation of the PD-L1I/PD-1 immune checkpoint pathway in T cells. In certain
embodiments, inhibition of aberrant KRAS signaling in tumor cells sensitizes tumor cells to
immune checkpoint inhibitors. In certain embodiments, the disclosure further provides
methods for enhancing the therapeutic efficacy of existing anticancer treatment using KRAS

signaling modulators.

In one aspect, a composition comprising an effective amount of a modulator of KRAS
signaling is disclosed, wherein the modulator of KRAS signaling is effective at enhancing the
sensitivity of a tumor cell to tumor cell-specific T cell cytotoxicity. In certain embodiments,
the tumor cell is in a subject. In certain embodiments, the modulator of KRAS signaling

enhances the efficacy of a therapeutic agent at treating a KRAS associated disease, ¢.g. cancer.

In certain embodiments, the modulator of KRAS signaling can be, for example, an

inhibitor of aberrant KRAS signaling. In certain embodiments, the aberrant KRAS signaling is

induced by a modified KRAS, e.g., an oncogenic KRAS, expressed in tumor cells. In certain

embodiments, the aberrant KRAS signaling comprises the KRAS induced activation of at least
ong member of the RAS/RAF/MEK/ERK/FRA~T signal transduction pathway. In certain
cmbodiments, the abervant KRAS signaling can result i the KRAS induced activation of PD-
1.1 gene expression in tumor cells. In certain embodiments, the aberrant KRAS signaling can

be induced by an effector of KRAS signaling, e.g. by a KRAS GEF.

In a second aspect, a composition is disclosed that comprises a combination of an
effective amount of a modulator of KRAS signaling, and an effective amount of a therapeutic
agent, wherein the modulator of KRAS signaling is effective at enhancing the sensitivity of a
tumor cell to tumor cell-specific T cell cytotoxicity. In certain embodiments, the modulator of |
KRAS signaling can be an inhibitor of KRAS signaling. In cerlain embodiments, the modulator
of KRAS signaling can cnhance the efficacy of the therapoutic agent at treating a KRAS

associated disease, for example, cancer. In certain embodiments, the tumor cell is in a subject.

In a third aspect, a composition is disclosed that comprises a combination of an effective
amount of an modulator of oncogenic KRAS signaling, and an effective amount of a
therapeutic ageni, wherein the modulator of oncogenic KRAS signaling is effective at
enhancing the sensitivity of a tumor cell to tumor cell-specific T cell cytotoxicity. In certain
embodiments, the modulator of oncogenic KRAS signaling can be an mhibitor of oncogenic

KRAS signaling. In certain embodiments, the modulator of oncogenic KRAS signaling can

£
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enhance the efficacy of the therapeutic agent at treating an oncogenic KR AS associated dissase.
o &

In certain embodiments, the tumor cell is in a subject.

In certain embodiments, the therapeutic agent can be, for example, an anticancer
therapeutic agent. In certain embodiments, the anticancer therapeutic agent can be, for example,
an immunotherapeutic agent, such as an antigen-binding protein, or fragment thereof, e.g. an
antibody that targets a cell swface antigen or extracellular growth factor. In certain
embodiments, the anticancer therapeutic agent can be, for example, a small molecule inhibitor
of a target protein required for the maintenance or progression of a cancer. In certain
smbodiments, the small molecule inhibitor can be a small molecule proteasome inhibitor, a
small molecule tyrosine kinase inhibitor, a small molecule cyclin-dependent kinase inhibitor,
a small molecule inhibitor of a transcription factor or & small molecule inhibitor of an immune
checkpoint molecule. In certain embodiments, the anticancer therapeutic agent can be, for
example, an RNA interfering agent that silences the expression of a target gene required for
the maintenance or progression of a cancer. In certain embodiments, the therapeutic agent can
be, for example, an epigenetic inhibitor, &.g. an HDAC inhibitor. In certain embodiments, the
anticancer therapeutic agent can be, for example, an anti-estrogen or an anti-androgen
therapeutic agent. In certain embodiments, the anticancer therapeutic agent can be, for example,
a chemotherapeutic agent and/or radiotherapy. In certain cmbodiments, the anticancer
therapeutic agent can be, for example, a cancer vaccine. In cetain embodiments, the anticancer
therapeutic agent can be, for example, an RNA interfering agent of an imnune checkpoint

molecule, e.g. PD-LL

In a fourth aspect, a composition is disclosed thal comprises a combination of an
effective amount of a modulator of KRAS signaling, and an effective amount of an inmwnune
checkpoint inhibitor, wherein the modulator of KRAS signaling is effective at enhancing the
gensitivity of a tumor cell to the immune checkpoint inhibitor. In certain embodiments, the
tumor cells can be resistant or have acquired resistance to the immune checkpoint inhibitor. In
certain embodiments, the modulator of KRAS signaling sensitizes a tumor cell to tumor cell-
specific T cell cytotoxicity. In certain embodiments, the modulator of KRAS signaling
enhances the efficacy of the immune chéckpnint inhibitor at treating a KRAS associated

disease, e.g., cancer. In certain embodiments, the tursor cell is in a subject.

In a fifth aspect, 2 method for enhancing an imumune rosponse against a tumor is

disclosed comprising administering an offective amount of a modulator of KRAS signaling and
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an effective amount of an immune checkpoint inhibitor to the subject with the cancer, wherein
the administration of the modulator of KRAS signaling and the immune checkpoint inthibitor
is effective at enhancing the sensitivity of the tumor cells to the immune checkpoint inhibitor.
In certain embodiments, the tumor cell is in a subject. In certain smbodiments, the modulator
of KRAS signaling can act in synergy with the immune checkpoint inhibitor to enhance an

irpmune response against 3 tumor.

In certain smbodiments, the immune checkpoint inhibitor is effective at blocking the
interaction of programmed cell death protein 1 (PD-1) receptor with programmed cell death 1
ligand 1 (PD-L1). In certain embodiments, the immune checkpoint inhibitor can be, lor
ezample, ipilimumab, tremeliommab, atezolizumab, nivolumab, pembrolizumab, J5001,
REGN2810, SHR-~1210, MEDIOGS0, PDROOT, BGB-A317, TSR-042, PF-06801591, Ningbo
Cancer Hosp. anti-PD-1 CAR, Medimmune anti-PD-1, Isig anti-PD-1, UCB anti-PD-1 or
948.g1, Dana-Farber anti-PD-1, STI-1110, Suzhou Stainwei Biotech anti-PD-1, Haixa
pembrolizumab biosimilar, Livzon anti-PD-1, MabQuest anti-PD-1, Singapore ASTR anti-PD-
1, Sutro anti-PD-1, Rinat anti-PD-1, Biocad anti-PD-1, Enumeral anti-PD-1 or ENUM 38804,

Kadmon anti-PD-1, BMS-936559, avelumab and/or durvalumab or any combination thereof.

Tn ceortain cmbodiments, the immune checkpoint inhibitor is effective at inhibiting an
endogenous immune checkpoint protein or fragment thereof chosen from, for example, PD-1,
PD-L1, PD-L2Z, CD28, CD80, CD86, CTLA4, BTRPL, ICOS, B7RPL, B7- H3, B7-H4, BTLA,
HVEM, KIR, TCR, LAG3, CI» 137, CD137L, OX40, OX40L, CD27, CD70, CD40, CD40L,
TIM3, GALS, ADORA, CD276, VICNL, IDOIL, KIR3DL1, HAVCRZ, VISTA, and/or CD244

or any combination thereof.

In certain embodiments, the tumor cells express a modified KRAS, ¢.g. an oncogenic
KRAS. In cerlain embodiments, the expressed oncogenic KRAS compriscs a mutation of at
least one amino acid residue of the amino acid sequence of SEQ ID No.:980. In certain
embodiments, the mutation can be an activating mutation of KRAS. In certain embodiments,
the oncogenic KRAS comprises an activating mutation of amino acid residues (12, G13, 817,
P34 andfor Q61 of SEQ ID No.: 980. In certain embodiments, the oncogenic KRAS comprises
a mutation chosen from G12C, G128, GI2ZR, GI2F, GI2L, GI12N, G124, G12D, G12V, G13C,
G138, GI3D, G13V, G13P, 817G, P348, Q61K, Q61L, Q61R, and/or Q61H.

In certain embodiments, the modalator of KRAS signaling inhubits aberrant KRAS

signaling. In certain embodiments, the aberrant KRAS signaling comprises signaling by an
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oncogenic KRAS expressed in the tumor cells. In cerlain embodiments, the aberrant KRAS
signaling comprises the KRAS indoced sctivation of at least one effector of the RAS/ RAF/
MEK/ ERK/ FRA-1 signal transduction pathway in tumor cells. In certain embodiments, the
aberrant KRAS signaling comprises the KRAS induced activation of PD-L1 gene expression
in tumor cells. In certain embodiments, the modulator of KRAS signaling is ineffective at

reducing KRAS induced signaling activity in the absence of oncogenic KRAS gene expression.

. In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the level of KRAS mRNA in the tumor cells by at least about 10%, by at least about 20%, by
at least about 30%, by at least about 40%, by at least about 50%, b*;\i at lcast about 60%, by at
least about 70%, by at least about 80%, by at least about 90% by at least about 95% or by at

least about 89%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting

the level of KRAS mRNA in the tumor cells by at least 959%.

In certain embodiments, the modulator of KRAS signaling can be effective at-inhibiting

the level of KRAS mRNA in the tumor cells by at least 99%.

In certain embodiments, the modulator of KR AS signaling can be sffective at inhibiting

the level of KRAS mBNA in the twmnor cells from about 10% to about 89%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the level of KRAS induced PD-L1 genc expression in the tumor cells by at least about 10%, by
at least about 20%, by at least about 30%, by at lsast about 40%, by at least about 50%, by at
feast about 60%, by at least about 70%, or by at least aboul 75% by at least about 80%, by at

teast about 85%, by at least about 90%, by at least about 95% or by at least about 99%.

In certain embodiments, the modulator of KR AS signaling can be effective at inhibiting

the level of KRAS induced PD-L1 gene expression in the tumor cells by at least about 80%.

In certain embodiments, the modulator of KR AS signaling can be effective at inhibiting
the level of KRAS induced PD-L1 gene expression in the tumor cells from about 10% to about

99%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the level of FRA-1 gene expression in the tumor colis by at least about 10%, by at least about

20%, by at least about 30%, by at least about 40%, by at least about 50%, by at least about
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60%, by at least aboul 70%, or by al least about 75% by at least about 80%, by at least sbout

85%, by at least about 90%, by at least about 95% or by at least about 99%.

In certaim embodiments, the modulator of KR AS signaling can be effective at inhibiting

the level of FRA-1 gene expression in the tumor cells by at least about 809,

In cerfain embodiments, the modulator of KRAS signaling can be effective at inhibiting

the level of FRA-1 gene expression in the tumor cells from about 10% to about 99%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the KRAS induced activation of at least one effector molecule of the RAS/ RAF/ MEK/ ERK/

FRA-1 signal transduction pathway in tumor cells.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the KRAS induced activation of at least one effector molecule of the RAS/ RAF/ MEK/ ERK/
FRA-1 signal transduction pathway in tumor by at least about 10%, by at least about 20%, by
at least about 30%, by at least about 40%, by at least about 50%, by at least about 60%, by at
least about 70%, or by at least about 75% by at least about 80%, by at least about 85%, by at

least about 90%, by at least about 95% or by at least about 99%.

In certain erabodiments, the modulator of KRAS signaling can be effective at inhibiting
the KRAS induced activation of at least one effector molecule of the RAS/ RAF/ MEK/ ERK/

FRA-1 signal transduction pathway in tumor from about 10% to about 99%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting

the KRAS~-induced phosphorylation of RAF, MEK or ERK in tumor cells.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the KRAS-induced phosphorylation of RAF, MEK or ERK in tumor cells by at least about
10%, by at least about 20%, by at least about 30%, by at least about 40%, by at lcast about
50%, by at least about 60%, by at least about 70%, or by at least about 73% by at least about
80%, by at least about 85%, by at least about 90%, by at least about 93% or by at least about
99%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting
the KRAS-induced phosphorylation of RAF, MEK or ERK in tumor cells from about 10% to
about 99%.

In certain embodiments, the modulator of KRAS signaling can be effective at inhibiting

the level of both KRAS and PD-L1 gene expression in tumor cells by at least about 10%, by at

6
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least about 20%, by at least aboul 30%, by al least aboul 40%, by al least about 50%, by at least
about 60%, by at least about 70%, or by at least about 75% by at least about 80%, by at least

about 85%, by at least about 90%, by at least about 95% or by at least about 99%,

In certam embodiments, the modalator of KR AS signaling can be effective at inhibiting

both KRAS and PD-L1 gene expression in tumor cells from about 10%to about 99%.

Inn certamn embodiments, the modulator of KR AS signaling can be effective at inthibiting
KRAS, RAF, MEK, ERK, FRA-1 and PD-L 1 signaling activity in tumor cells from about 10%
to about 99%. '

In cerfain embodiments, the modulator of KRAS signaling comprises an RNA
interfering agent. In certain embodiments, the RNA interfering agent targets the expression of

one or more effectors of the RAS/ RAY MEK/ ERK/ FRA-1 signal transduction pathway.

In certain embodiments, the modulator of KRAS signaling comprises an inhibitor of
GTP bound KRAS activity. In cerfain embodiments, the modulator of KRAS signaling
comprises an inhibitor of a KRAS GEF. In certain embodiments, the modulator of KRAS
signaling comprises an activator of KRAS bound GTP hydrolysis, e.g. KRAS GAP activity. In
certain embodiments, the maduiaﬁ@r of KRAS signaling comprises an inhibitor of oncogenic
KRAS. In certain embodiments, the modulator of KRAS signaling comprises a KRAS-specific
RNA interfering agent, e.g. 38 KRAS-specific asymmetric interfering RNA (referred to herein
as KRAS aiRNA or aiKRAS). In cortain embodiments, the modulator of KRAS signaling
comprises an oncogenic KRAS-specific RNA interfering agent, ¢.g. an oncogenic KRAS-
specific asymmetric interfering RNA. In certain embodiments, the modulator of KRAS
signaling comprises an RNA interfering agent that targets both wild type and oncogenic KRAS,

c.g. a KRAS-specific asymmetric interfering RNA.

In certain erobodiments, the tumor can be, for example, a tumor caused by pancreatic

ductal adenocarcinoma (PDAC), colorectal cancer, or non-small-cell lang cancer (INSCLC).
In certain embodiments, the cancer can be a metastatic cancer, a cancer that is refractory

to chemotherapy, a cancer that is refractory to radiotherapy and/or a cancer that has relapsed.

In certain embodiments, the cancer can be resisiant to an immunotherapeutic agent, ¢.g. an

immune checkpoint inhibitor.

In a sixth aspect, the disclosure provides a modulator of oncogenic KRAS signaling.
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In certain embodimenis, the oncogenic KRAS signaling comprises aberrant KRAS

signaling.

In certain embodiments, the modulator of KRAS signaling is effective at inhibiting

cncogenic KRAS signaling,

In certain embodiments, the modulator of KRAS signaling s ineffective at reducing

KRAS induced signaling activity in the absence of oncogenic KRAS gene expression.

In certain embodiments, the modulator of KRAS signaling comprises an RNA

interfering agent, for example, an asymmetric interfering RNA (aiRNA).

In certain embodiments, the asymmetric interfering RNA comprises a sense strand

sequence that is at least 50% identical to a sequence chosen from SE( ID NOs: 320-637.

in certain embaodiments, the asymmetric mterfering RNA comprises a sense strand

sequence chosen from SEQ ID NOs: 320-637.

In cerfam embodiments, the asymmestric interfering RINA comprises an antisense strand

sequence that is at least 30% identical to a sequence chosen from SEQ ID NOs: 638-955,

In certain embodiments, the asymmetric interfering RNA comprises an antisense strand

sequence chosen from SEQ ID NOs: 638-955,

In a seventh aspect, the disclosure provides a composition comprising an effective

amount of a modulator of oncogenic KRAS signaling,

In an cighth aspect, the disclosure provides a method for changing the efficacy or/and
safety of a therapeutic agent comprising administering an effective amount of a2 modulator of
KRAS signaling. In certain embodiments, the modulator of KRAS signaling can act in synergy
with the therapeutic agent to enhance the efficacy and/or safety of the therapeutic agent at

treating cancer.

In a ninth aspect, the disclosure provides a method for changing the efficacy or/and
safety of a therapeutic agenl comprising administering an etfective amount of an asymmetric
interfering RNA (aiRNAJ. In certain embodiments, the asymmetric interfering RNA (aiRNA)
can act in synergy with the therapeutic agent to enhance the efficacy and/or safety of the

therapeutic agent at treating cancer.

In a tenth aspect, the dizclosure provides a method for changing the efficacy orand

safety of a therapeutic agent comprising administering an effective amount of an asymmetric

o]
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interfering RNA (aiRNA) comprising a sense strand sequence chosen from SEQ I3 NOs: 320-
637,

In an eleventh aspect, the disclosure provides a method for changing the efficacy or/and
safoty of a therapeutic agenl comprising administering an effeciive amount of an asymmetric
iterfening RNA (aiRNA) comprising an antisense strand sequence chosen from SEQ ID NOw:

638-955.
In certain embodiments, the efficacy of the therapeutic agent is enhanced.
I certain embodiments, the safety of the therapeutic agent is enhanced.
In certain embodiments, the therapeutic agent is an immune checkpoint inhibiior.

In certain embodiments, the therapsutic agent 1s chosen, for example, from ipilimomab,
tremelimumab, aterolizumab, nivolumab, pembrolizumab, JS001, REGN2810, SHR-1216,
MEDI0680, PDRO0OL, BGB-A317, TSR-042, PF-06801591, Ningbo Cancer Hosp. anti-PD-1
CAR, Medimmune anti-PD-1, Isis anti-PD-1, UCE anti-PD-1 or 948 g1, Dana-Farber anti-PD-
1, 8TI-1110, Suzhou Stainwei Biotech anti-PI-1, Haixi pembrolizumab biosimilar, Livzon
anti-PD-1, MabQuest anti~P-1, Singapore ASTR anti-PD-1, Suvtro anti-PD-1, Rinat anti-PD-
1, Biccad anti-PD-~1, Enumeral anti-PD-1 or ENUM 38804, Kadmon anti-PD-1, BMS-936539,

avelumab and/or durvalumab or any combination thereof,

In certain cmbodiments, the therapeutic agent can be cffective at inhibiting an
endogenous tumoene checkpoint protein or fragment thereof chosen from, for example, PD-1,
PIxL1, PD-L2, CD28, CI3B0, CDE6, CTL A4, B7RPI, ICOS, BTRPL, B7- H3, B7-H4, BTLA,
HVEM, KIR, TCR, LAG3, CD 137, CBI37L, GX40, OX401, CD27, CD¥70, CD40, CD40L.,
TIM3, GALS, ADORA, CD276, VICNI, IDO], KIR3DLE, HAVCRZ, VISTA, and/or C244
or any combination thereof

Other features and advantages of the present disclosure are apparent from the additional
descriptions provided herein including the ditferent examples. Based on the present disclosure
the skilled artisan may ideﬁi.ify and employ other components and methodologies useful for

practicing the present disclosure,
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A shows the nucleotide sequences within the KRAS gene that are targeted as well

as the sequences of the sense and antisense strands of the scrambled aiConirol and exemplary
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interfuring RNAs aiKRAS#1, aiKRASH2, aiKRASH3, atKRASH4, aiPD-L1, aiFra-1#1, and
aiFm-—I#E.

FIG.1B depicis an exemplary nucleotide sequence of the human KRAS pmtén
oncogene, transcript variant B mBNA (NCBI Reference Sequence: WM 0049835.4) along with
the encoded amino acid sequence of KRAS B (SEQ ID NO.: 981). The locations of the most
common aclivating missense mutations within the KRAS amino acid sequence are highlighted
in groy. Nucleotide sequences targeted by the exemplary interfering RNAs aiRNAs# 1-4 within

SEQ ID NO.: 980 are in bold and uvnderlined.

FIG. 2 shows an exemplary embodiment of aiKRAS silencing of KRAS and PD-11
exprossion in KRASMT cells and KRASYT cells. FIG. 2A and FIG, 2B show an exemplary
embodiment of MDA-MB-231 cells treated with aiKRAS#I, aiKRASH2, aiKRASH2 and
aiKRASH4 (at InM and 0.1nM). PD-L1 expression and KRAS silencing were confirmed by
Western Blot (FIG. 24) and quantitative real-time PCR (FIG. 2B). Data with mean and error
bars represent mean of standard error (SEM). FIG. 2C shows an exerplary embodiment of
KRAS silencing of PD-L1 expression in MDA-MB-231 cells at 0, 8, 24, 32 and 48 hours post-
transfection. FIG. 2D shows an exemplary embodiment of aiKRAS silencing of KRAS and
PD-L1 expression in KRAS mutant cells (H358, H460 and H2009) and KRAS wild-type cells
(REKO, TCCSUP) transfected with aiKRAS#H] {at 1nM and 0.1nM). The expression of KRAS
and PD-L1 was confirmed by Western Blot and quantitative real-time gPCR (data not shown).
FIG. 2K shows an exemplary ambﬂdimsm of the down-regulation of PD-L1 expression
resulting from aiRNA mediated silencing of KRAS gene oxpression in various KRASMY celf

lines.

Fig. 3 shows an exemplary embodiment of 21IKRAS stlencing of ERK phosphorylation

in KRAS mutant (KRASM) cells. KRASMTMIIA-MB-231 cells and KRASWT RKO cells were

transfected with aiKRAS#1 at InM for 48 hours. FIG, 3A shows an exemplary embodiment
of KRASMT MDDA-MB-231 and KRASWT RKO cell lysates applied to a phosphokinase array
(R&D systems, USA). FIG. 3B shows an exemplary embodiment of phosphorylated ERK1/2
being inhibited only in KRASMT MDA-MB-231,

FIG. 4 shows an exemplary embodiment of the effect of aiKRAS silencing on
RAS/MEKV/2Z/ERKY/2 signaling pathway in KRASMT gnd KRASYT cells. KRASMY MDA-
MB-231 cells and KRASY' RKO cells were treated with 2iKRAS#1 at InM. After a 48h

transfection period, the cell lysate was applied to a Western Blot to confirm the amount of total
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or phosphorylated MEK and ERK. FIG. 4A shows an cxemplary embodiment of KRAS
silencing inhibiting MEK/ERK pathway in KRASMT MDA-MB-231 cells but not in KRASYT
REO cells. FIG, 4B shows an exemplary embodiment of inhibition of PD-L1 gene expression
and ERK1/2 phosphorylation in MDA-MB-231 cells treated with the MEK inhibitor, UB126.
PD-L1 expression and total and phosphorylated ERK were analyzed by Western Blot. FIGs,
4C and 4D show an exemplary embodiment of the failure of KRAS silencing to inhubit STAT3
signaling and nuclear localization of RELA/RELB in KRASMT MDA-MB-231 cells treated
with aiKRAS#1 at InM. After a 48h transfection period, the amount of nuclear localization of
NF-KB (RELA and RELB) (FIG. 4C) or the amount of whole and phosphorylated STAT3
(FIG. 4D) was determined by Western Blot.

FIG. 5 shows an exemplary embodiment of KRAS silencing inhibiting the
phosphorylation, the accunwlation of FRA-1 protein as well as the transcriptional activity of
FRA-1 gene. KRAS mutant MDA-MB-231, H338, and H460 celis Vwere treated with 2iKRASH]
at InM for 48h. FIG. 3A shows an exemplary embodiment of 3 Western blot of the cell lysate
and the detection of total or phosphorylated FRA-1. FIG. 5B shows an exemplary embodiment
of KRAS mutant MDA-MB-231 cells and KRAS wild type RKO cells treated with either
control 2iRNA or siKRASH# 1. Nuclear extracts (Spg/well) were then incubated in 96-well plates
coated with an immobilized oligonucleotide containing the TRE (TPA response clement)
sequence that is mquiréd for AP-1 binding. Competition with TRE oligonuclentides was
performed o confirm DNA binding specificity. FIG. SB shows an exemplary embodiment of
an analysis of the complexes formed in the RAS mutant or KRAS wild type cells by ELISA
assay i the presence of FRA-1-specific antibodies. FIG, 3C shows an exemplary embodiment
of a ChIP-gPCR analysis of the PD-L.1 enhancer. ChIP was conducted in aiControl or aiKRAS
treated KRAS mutant MDA-MB-231 cells and KRAS wild type RKO cells. The predicted PD-
L1 enhancer sequence was enriched in inununoprecipitated clromatin using an anti-FRA-1
antibody and an anti-cJUN antibody in KRAS mutant cells (Fig. 5C Left) but not in KRAS
wild type cells (Fig. 3D Right), or in chromatin incubated with the negative control IP {normal
rabbit IgG). Data with mean and error bars represent mean of standard error (SEM).

FIG. 6 shows an exemplary smbodiment of the effects of FRA-1 on PD-LT expression
in KRAS mutant cells. KRAS mutant MDA-MB-231 and H460 cells were treated with control
aiRNA, aikKRAS, and two different FRA-1 aiRNAs (aiFrs-1 #1, and aiFra-1 #2). PD-L1 and
FRA-1 expression were confirmed using Western Blot (Fig. 6A) and ¢PCR (Fig. 68). Data

with mean and error bars represent moean of standard error (SEM).
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FIG. 7 shows an exemplary embodiment of cyvilotoxic T cell activily against KRAS
mutant cancer cells after aiKRAS stlencing of PD-L1 expression. FIG. 7A shows an exemplary
embodiment of cytotoxic T lymphooyte (CTL) activity against KRAS motant MDA-MEB-231
cells tramsfected with aiKRAS, CMV-specific CTLs were sxpanded to culiure human PEMC
with HLA-A®02:01 CMV pp6S peptide. aiRNA-transfected Luc-MDA-MB-231 cells were
imcubated with or without CMV peptide. Peplide loaded or non-loaded MDA-MB-231 cells
were plated into 96-well plates (2000 cellywell). CMV-gpecific CDB+ T cells were
suhsequently added to 96-well plates with Effector : Target (E/T) ratio of 58:1 and incubated
for 24 hours. Live Luc-MIJA-MB-231 cells were measured for intracellular huciforase activity
with D-Luciferin K+ salt. The percent lysis was then calculated as: (Luminescence of CMV
peplide pulsed Luc-MDA-MB-231/ Luminescence of CMV peptide un-pulsed Luc-MDA-MB-
231) x 100, Anta-PD-L1 antibody (10ug/ml) was used as a positive control. Data with mean
and error bars reprosent meoan of standard error (SEM). Data were subjected to one-way
ANOVA with Dunnett’s mulliple comparison of means test. Statistical significance is
displayed as p-value *¥ p<0.01 and ¥¥¥ p<0.001. FIG. 7B shows an exemplary embodiment
of PD-L1 cell surface expression on MDA-MB-231 cells after aiKRAS and aiPD-L1
transfection. An exemplary embodiment of the calculated geometric mean of fluorsscence

intensity (MFT} measored by flow cytometry i depicied at the bottom

FIG. 8A shows an exemplary emwbodiment of some of the canonical KRAS signaling
pathways. In certain embodiments, growth factor binding to cellsurface receplors results in
activated receptor complexes, which contain adaptors such as SHC (SH2-containing proteiny,
GRB2 {growth-factor-receptor bound protein 2) and GAB (GRB2-associated binding) proteins.
Those proteins can recrnit SHP2 and 5081, a guanine nucleotide exchange factors (RAS GEF)
profein that can increase RAS-guanosine iriphosphate (RAS-GTP) levels by catalyzing
nucleotide exchange on RAS. In contrast, the GTPase-activating protein { GAP) neurofibromin
(NF1) can bind to RAS-GTP and accelerate the conversion of RAS-GTP o inactive RAS~
GDP (guanosine diphosphate), wldch can terminate signaling, The BRAF-mitogen-activated
and extracellular-signal regulated kinase-kinase (MEK)—extracellular signal-regulated kinase
(ERK) cascade can determine key cellular processes including cell proliferation. RAS can also
activate the phosphatidyhinosito! 3-kinase {PI3K) - 3-phosphoinositide~-dependent protein
kinase I (PDK1}- AKT pathway that can determine cellular survival, RALGDS, RALGDS-like
gene (RGL), RGL2Z and TIAMI can be exchangs factors of RAL and RAC, respectively.
Among the effectors of RAL is phospholipase D (PLD) an enzyme that can regulate vesicle
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trafficksng. RAC can regulate aclin dynamics and, therefore, the cyloskeleton. RAS can also
bind and activaic the enzyme phospholipase Cepsilon (PLCepsilon), the hydrolytic products of
which can regulate calcium signaling and the protein kinase C (PKC) family. FIG. 8B shows
a proposed signaling mechamism along the KRAS/MEK/ERK/Fra-1/PD-L1 axis. In KRAS
mutant cancer cells, mutant KRAS can activate MEK/ERK kinase. Stabilized phosphorylated
FRA-1 can bind o the PD-L1 enhancer region whers il can activale and mainiain PD-L1 gene

expression i tumor cells,

The methods and techniques of the present application are generally performed
according to conventional methods well known in the art and as described in various general
and more specific references that are cited and discussed throughout the present disclosure
enless otherwise indicated. Sge, e.g, MR, Green and I Sambrook, Molecular Cloning: A
Laboratory NIa:nuai, 4th ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(201@, A‘usuhal ef al., Carrent Protocols, John Wiley & Sons, Ine. (2000-2016), Antibodiss:
A Laboratory Manual, 2nd edition, edited by Edward A. Greenfield, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (2014), and RNA: A Laboratory Manual by Rio
ef af., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, DLY. (201 1), all of which are
incorporated herein by i'eferenés.

Unless otherwise defined, all technical and scientific terme used herein have the sams
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In case of conflict, the present disclosure, including definitions, will control, Methods
and matertals are described herein for use in the present disclosure; other, suitable methods and
materials known in the art can also be used. The materials, methods, and examples are

illugirative only and not intended o be limiling,

As used herein, the singular terms “a,”" “an”” and “the” include the plural reference

onless the context clearly indicates otherwise.

The phrase “and/or,” as Wsed herein in the disclosure and in the claims, should be
understood to mean “either or both” of the elemenis so conjoined, ie., elements that are
conjunctively present in some cases and disjunctively present in other cases. Thus, as a non-
limiting example, a reference to “A and/or B”, when used in conjunction with open-ended
language such as “comprising” can refer, in one embodiment, to A only (optionally inchuding

clements other than B); in another embediment, to B only (optionally including elements other.
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than A}, in yet another embodiment, to both A and B {optionally including other clemenis);

ete.

As used herein in the disclosure and inthe claims, the phrase “at least one,” in reference -
to a list of one or more clements, should be understood {o mean at least one element selected
from any one or more of the elements in the Hst of elements, but not necessarily including at
least one of each and every clement specifically listed within the list of clements and not
excluding any combinations of elements in the list of clements. This definition also allows that
clements may optionally be present other than the elements specifically identified within the
list of elements to which the phrase “af least one” refers, whether related or unrelated to those
clements specifically identified. Thus, as a non-limiting example, “at least one of A and B” (or,
equivalently, “at lzast one of A or B,” or, equivalently “at least one of A and/or B”) can refer,
in one embodiment, to at loast one, optionally including mors than one, A, with no B present
{and optionally including clements other than B), in another embodiment, to at least one,
optionally mcluding more than one, B, with no A present (and optionally including elements
other than A); in yet another embodiment, to at least one, optionally inciud{ng more than one,
A, and at least ong, optionally including more than one, B {and optionally including other

slements), oto.

When the term “about” is used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below those numerical values. In general, the
term “about” is used herein to modify a numerical value above and below the stated value by
a variance of 20%, 10%, 5%, or 1%. In certain embodiments, the term “about™ is used to modify
a numerical valae above and below the stated value by a variance of 10%. In certain
erbodiments, the term “about” 18 used to modify a numerical value above and below the staled
value by é. variance of 5%. In certain embodiments, the term “about” is used to meodify &

numerical value above and below the stated value by a variance of 1%,

When a range of values is listed herein, it is intended 1o encompass sach value and sub-
range within that range. For example, “1-3 mg” or "1 to 5 mg" is intended to encompass 1 mg,
Z2mg, 3mg 4mg, Smg, 1-2mg, 1-3mg, I-dmg, -5 mg, 2-3 mg, 2-4 mg, 2-5 mg, 3-4 mg, 3-

5 mg, and 4-5 mg.

As used herein, 3 “polynucleotide” refers to a polymeric chain containing two or more
nucleotides. “Polynucleotides™ includes primers, oligonucleotides, nucleic acid strands, ctc. A

polynucleotide may contain standard or non-standard nucleotides. Typically, a polynuclestide
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contains a 3' phosphate al one terminus ("5 lerminus”) and a 3' hydroxyl group at the other
terminus (3" terminus) of the chain. The most 5" nucleotide of a polynuclectide may be referred
to herein as the "3-terminal nucleotide” of the polynucleotide. The most 3' nucleotide of a

polynuecleotide may be referred to hercin as the "3'-terminal nuclootide" of the polymicleotide.

The term “subject” generally refers to an organism to which a compound or
pharmaceutical composition described herein can be administered. A subject can be an animal
or animal cell, including & mammal or mammalian cell (e.g., a human or human cell). The term
also refers to an organism, which includes a cell or a donor or recipient of such cell. In various
embodiments, the term “subject” refers to any animal {e.g., a mammal), including, but not
limited to, humans, mammals and non~-mammals, such as non-human primates, mice, rabbits,
sheep, dogs, cals, horses, cows, chickens, amphibians, reptiles, fish, nematode, and insects,
which iz to be the recipient of a compound or pharmaceutical composition described herein.
Under some circurnstances, the terms “subject” and “patient” are used interchangeably heretn

i reference to a human subject.

The terms “admimister,” “administering,” or “administration” are used herein in their
broadest sense. These terms refer to any method of introducing to a subject a compound or
pharmaceutical composition described herein and can include, for example, introducing a
compound systemically, locally, or in situ o the subject. Thus, & compound of the present
disclosure produced in a subject from a composition (whether or not it includes the compound)
is encompassed by these terms. When these terms are used in connsclion with the temm
“systemic” or “systemically,” they gemerally refer to i wvo systomic absorption or
accumulation of the compound or composition in the blood stream and #ts distribution

99 e,

throughout the entire body. In certain embodiments, the terms “administer,” “administering,”
or “administration” can refer to, for example, delivering one or more recombinant vectors 1o a
tumor cell, wherein the vector expresses an RNA interfering agent as defined herein. In certain
cmbodiments, the tamor cell is in a subject.

37 L4

The terms “combination,” “combinatorial,” or “combination treatment,” as used herein,
mean the administration of at least two different agents (¢.g., at least one compound chosen
from modulators of KRAS signaling and/or at least one compound chosen from therapeutic
agents, and, optionally, one or more additional agenis) to treat a disorder, condition, or
symptom, €.g., a2 cancer condifion, Such combination treatment may invelve the administration

of one agent before, during, and/or after the administration of a second agent. The first agent
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and the second agent can be administered concurrently, separately, or sequentially in separate
pharmacentical compositions. The first agent and the sccond agent may be administered by the
same or differeni routes of administration. In certain embodiments, a treatment combination
comprises a therapeutically effective amount of at least one compound chosen from modulators
of KRAS signaling and a therapeutically effective amounnt of at least one compound chosen
from therapeutic agents, ¢.g. immune checkpoint inhibilors. In cerlain embodiments, the

imnne checkpoint inhibitor can be, for example, an inhibitor of PD-L.1,

For example, the at least one compound chosen ffom modulators of KRAS signaling
and at least one compound chosen from therapeutic agents can have different mechanisms of
action. In certain embodiments, a combination treatment improves the prophylactic or
therapeutic effect of the at least one compound chosen from modulators of KRAS signaling
and the at least one compound chosen from therapeutic agents by functioning together to have
an additive, synergistic, or enhanced effect. In certain embodiments, a combination treaiment
of the present disclosure reduces adverse side effects associated with the at least one compound
chosen from modulators of KRAS signaling and the at least one compound chosen from
therapeutic agents. The administration of the at least one compound chosen from modulators
of KRAS signaling and the at least one compound chosen from therapeutic agents may be
separated in time by up fo several weeks, but more commonly within 48 hours, and most

commonty within 24 hours. -

As used heremn, a "therapeutic agent” that may adminisiered with a modulator of KRAS
signaling can be an anticancer therapeutic agent, i.c. an agent that may be administered in vive
to treat cancer. In certain embodiments, the anticancer therapeutic agent can be a small
molecule, a peptide, a modified peptide, a peptidomimelic, an antibody, an anlibody fragment,
a recombinant antibody, a recombinant antigen-binding protein, an aptamer, a nucleic acid or

RNA interfering agent.

In certain embodiments, the anticancer therapewtic agent can be, for example, a
chemotherapeutic agent, i.¢. a chemical compound useful in the treatment of cancer. Exemplary
classes of chemotherapeutic agents include, but are not lmited to, alkylating agents,
antimetabolites, kinase inhibitors, mitotic inhibitors, spindle poison plant alkaloids, cytotoxic
/anttumor antibiotics, topisomerase inhibitors, photosensitizers, anti-estrogens and selective
estrogen receptor modulators (SERMs), anti-progesterones, estrogen receptor down-regulators

(ERDs), estrogen receptor antagonists, luleinizing hormone-releasing hormone agonists, anti-
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androgens, aromatase inhibitors, EGFR inhibitors, angiogenesis inhibitors, VEGF inhibitors,
and infubitors of the translation and/or transcription of genes implicaied in abnormal cell
proliferation or tumor growth. Chemotherapeutic agents useful in the treatment methods

disclosed herein include cytostatic and/or cytotoxic agents,

In ceriain embodiments, the therapeutic agent can be, for example, a biotherapeutic
agent, such as an anttbody or recombinant antigen-binding protein. In certain embodiments,
the antibady or recombinant antigen-bind protein can block ligand / receptor signaling in any
biological pathway that supports tumor maintenance and/or growth or suppresses the anti-
fumor immune response. In certain embodiments, the therapeutic agent can be, for example, a
targeted therapeutic agent, such as a small molecule drug. In certain embodiments, the

therapeutic agent can include radiation and/or surgery.

In certain embodiments, the therapeutic agent can be, for example, a small molscule
such as a small molecule kinase inhibitor (SMKT) SMIKIs that can be combined with a
modulator of KRAS signaling are disclosed, for example, in Wu et al. Drug Discovery Teday
{2016} volume 21, issue 1, pp. 510, which 1s incorporated hercin by reference.

Exempléﬁ'y SMKIs are depicted in TABLE 1 below (dates indicate year when FDA
approved).

TABLE 1

anh ST VRN S
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The terms “effective amount” and “therapeutically effective amount” refer to the
amount of a compound or pharmaceutical composition described herein that is capable of
mvoking, for example, one or more of the following effects: (1) inhibition, to some extent, of
cancer of tumor growth, including a decrease or cessation in the progression of cancer; (2)
reduction in the number of cancer or tumor cells; (3) reduction in tumor size; {4) inhibition,
¢.g., a decrease or a cessation, of cancer or tumor ccll infiltration into peripheral organs; (3)
irhibition, e.g., a decrease or a cessation, of metastasis; (6) enhancement of anti-tumor immune
response, which may, but is not reguired to, result in the regression or rejection of the tumor,
or {7} relief, to some extent, of one or more symptoms associated with the cancer or tumor. The
therapeutically effective amount can vary depending upon the intended application (/in vitro or
in vivo), the subject and disease condition being treated, e.g., the sex, weight and age of the
subject, the severity of the disease condition, the manner of administration and the like, which
can readily be determined by one of ordinary skill in the ant, e.g., a board-certified oncologist.
A “therapeutically effective amount” is an amount of a compound where any toxic or
detnimental effects resulting from the administration of the compound are outweighed by the

therapeutically beneficial effocts.

The terms “progress,” “progressed,” and “progression” as used herein refer to at least
one of the following: (1) a response of progressive disease to prior therapy (e.g., chemotherapy
and/or immune checkpeint therapy), (2) the appearance of one or more new lesions after
treatment with prior therapy (e.g., chemotherapy and/or immune checkpoint therapy); and (3)
at least a 5% (e.g., 10%, 20%) increase in the sum of diameters of target lesions, taking as a

reference the smallest sum on study.

The term "sensitize" means to alter cancer cells or tumor cells in a way that allows for
more effective treatment of the associated cancer with a cancer therapy. In certain
embodiments, normal cells are not affected to an extent that causes the normal cells to be

unduly imjured by the cancer therapy. In certain embodiments, an increased sensitivity or a
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reduced sensitivily Lo a therapeutic reatmend can be measured according Lo a known method
in the art for the particular treatment and methods described herein below, including, bet not
linited to, cell proliferative assays (Tanigawa ef of. Cancer Res 1982; 42: 2139-2164) or csll
death assays (Weisenthal ef of Cancer Reg 1 84, 94 161 - 173; Weisenthal ef o/ Cancer Treat
Rep 1985; 69 615-632;, Weusenthal er o/. Drug Resistance in Loukemia and Lymphoma.
Langhorne, P A: Harwcod Academic Publishers, 1993: 41 -432, Weisenthal L M, Conirth
Gynecol Obstet 1994; 19: 82-20). The sensitivity or resistance may also be measured in animals
by measoring the tumor gize reduction over 3 period of time, for example, 6 months for humans
and 4-6 weeks for mice. A composition or a method sensitizes cancer cells or tumor cells to a
therapeutic treatment if the increase in treatment sensitivity or the reduction in resistance is
abowt 23% or more, for example, about 30%, about 40%, about 30%, about 60%, about 709,
about 80%, about 90% or more, comparad to treatment sensitivity or resistance in the absence
of such composition or method. In certain embodiments, the increase in treatipent sensitivity
or the reduction in resistance is about 2-fold, about 3-fold, about 4-fold, about S-fold, about
10-fold, about 15:fold, about 20-fold or more compared fo treatment sensitivity or résistancﬁ
in the absence of such composition or method. The determination of sensitivity or resistance to
a therapeutic treatroent is routinge in the art and within the skill of an ordinarily skilled clinician.
It is to be understood that any method described hersin for enhancing the efficacy of a cancer
therapy can be applied to methods for sensitizing hyperproliferative or otherwise cancerous

cells {e.g., resistant cells) to the cancer therapy.

The term “synergy,” “synergistic,” “synergistically,” or “enhanced” as used herein
refers to an effect of interaction or combination of two or more components to produce a
combined effoct greater than the sum of their separate effects (or “additive effecis™. A
synergistic offect may be attained when the compounds are: (I} co-formulated and
administered or delivered simultancously in a combined formulation; (2) delivered by
aliernation or in parallel as separate formulations, or (3) by some other regimen. When
delivered in abicrnation therapy, a synergistic offoct may be atlained when the compounds are
administered or delivered sequentially, e.g. in separate tablets, pills or capsules, or by different
igections 1o sepavafe syringss. A synergistic anticancer effect denotes an anticancer effect
which is greater than the predicted purely additive effects of the individual compounds of the

combination administered separately.

Terms such as “ireating” or “treatment” of “to ireal” as used herein refer fo (1)

therapeutic measures that cure, slow down, lessen symploms of, and/or halt progression of &
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diagnosed pathologic condition or disorder orfand (2) prophylactic or prevenialive measures
that prevent or slow the development and/or progression of a targeied pathologic condition or
disorder. Thus those in need of treatment include those already With the disorder; those prone
to have the disorder; and those in whom the disorder is to be prevenied. A subject is
successfully “treated” according to the methods of the present disclosure if the patient shows
one or more of the following: 3 reduction in the number of or complele absence of cancer cells;
a reduction i tumor size; inhibition of or an absence of cancer cell infiliration into peripheral
organs including the spread of cancer into soft tissue and bong; inddbition of or an absence of
tumor metastasis; inhibition or an absence of tumor growth; relief of one or more sympioms
assoctated with a specific cancer; reduced morbidity and mortality; and improvernent in quality
of life. In certain embodiments, “ireating cancer,” “ireatment of cancer,” or an equivalent
thereof, mean preventing recurrence of cancer after surgical removal or other anticancer

therapies,

Asused heretn, a “modulator” refers to a compound or combination of compounds that
is capable of modulating KRAS signaling activity, including but not limited to, oncogenic
KRAS signaling or otherwise aberrant KRAS signaling activity,

In certain embodiments, a “modolater” can vefer to 2 compound or combination of
compounds that is capable of modulating the expression a target gene required for KRAS

signaling.

In certain embodiments, a “modulator™ can refer to a compound or combination of

compounds that are capable of modulating the expression of KRAS.

In certain embodiments, a “modulator™ can refer to a compound or combination of
compounds that are capable of modulating the cxpression of one or more of KRAS, RAF,

MEK, ERK and FRA-1.

As used herein, “modulating” and its grammatical equivalents refer to either increasing
or decreasing (e.g., silencing), in other words, either u?»reguiaiing or down-regelating KRAS
signaling activity, e.g., by about 10%, about 20%, about 30%, about 40%;, about 50%, about
60%, about 70%, about 80%, about 90%, about 959, 99% or 100%, compared o KRAS

signaling activity in the absence of a modulator.

In certain embodiments, a "modulator” can refer to an infubitor of a cellular activity,

¢.g. an inhibitor of oncogenic KRAS signaling.
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In certain embodiments, a "modulator” can refer lo an activalor of a cellular activity,

c.g. KRAS GAP induced hydrolysis of GTP bound to KRAS.

As used herein, the terms “inhibiting”, “to inhibil” and their grammoatical equivalents,
when used in the context of a bicactivity, refer to a down-regulation of the bicactivity, which
may reduce or eliminate the targeted function, such as the production of a protein or the
phosphorylation of a molecule. When ased in the context of an organism (including a cell),
the terms refer 1o a down-regulation of a bivactivity of the organism, which may reduce or
clinunale a targeted function, such as the production of a protein or the phosphorylation of a
molecule. In particelar embodiments, inhibition may refer to a reduction, e.g., of about 10%,
of about 20%, about 30%, about 40%, about 30%, about 60%, about 70%, about &09%, about
G0%, about 93%, about 99%, or about 100% of the targeted activity. When used in the context
of a disorder or digease, the terms refer to success at preventing the onset of symptoms,

alleviating symptoms, or eliminating the disease, condition or disorder.

The term “cancer” in a subject refers to the presence of cells possessing characteristics
typical of cancer-causing cells, such as uncontrolled proliferation, immortality, metastatic
potential, rapid growth and proliferation rate, and certain morphological features. Often, cancer
cells will be tn the form of a fumor or mass, but such cells may exist alone within a subject, or

may circulate in the blood stream as independent cells, such as {eukemic or lymphoma cells.

Hxamples of cancer as used herein include, but are not limited to lung cancer, pancreatic
cancer, bong cancer, skin cancer, head or neck cancer, cutaneous or infraccular melanoma,
breast cancer, uterine cancer, ovarian cancer, peritoneal cancer, colon cancer, microsatellite
instability-high metastatic colorectal cancer, microsatellite stable metastatic colorectal cancer,
cidorgctal cancer with mismatch-repair deficiency, colorectal cancer without mismatch-repair
deficiency, small bowel adenocarcinoma, rectal cancer, colorectal adenocarcinoma, cancer of
the amal region, stowach cancer, gastric cancer, gasirointestinal cancer, gasiric
adenocarcinoma, adrenocorticoid carcinoma, genttourinary cancer, gynecologic cancer, utering
cancer, uterine sarcoma, carcinoma of the fallopian tubes, carcinoma of the endomstrinm,
carcinoma of the vagina, carcinoma of the volva, cervigal cancer, Hodgkin's Discase,
esophageal cancer, gastrocsophageal junction cancer, gasiroesophageal adenocarcinoma,
chondrosarcoma, cancer of the small intestine, cancer of the endocrine system, cancer of the
thyroid gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft

tissue, Ewing’s sarcoma, cancer of the urethra, cancer of the pends, prostate cancer, bladder
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cancer, testicular cancer, cancer of the wreter, carcinoma of the renal pelvis, mesothelioma,
hepatocellular cancer, biliary cancer, kidney cancer, renal cell carcinora, endometrial cancer,
chronic or aculs ieuké’miag multiple myeloma, lymphooyviic lymphomas, neoplasms of the
central nervous system (CNS}, spinal axis tumors, brain cancer, brain stem glioma,
glivblastoma multiforme, astrooyiomas, schwannomas, spendymomas, medulloblastomas,
menmgiomas, squamous cell carcinomas, pitutlary adenomas, including refractory versions of
any of the above cancers, or a combination of one or more of the above cancers. Some of the
sxemplified cancers are included in general terms and are included in this term. For axampiﬁ:,
urological cancer, a general term, includes bladder cancer, prostate cancer, kidney cancer,
teaticular cancer, and the like; and hepatobiliary cancer, another general term, includes liver
cancers (itself a general term that includes hepatocellular carcinoma or cholangiocarcinoma),
gallbladder cancer, biliary cancer, or pancreatic cancer. Both wological cancer and
hepatobiliary cancer are contemplated by the present disclosure and included in the term

E3)

“oancer.

Also mncluded within the term “cancer” is the term “solid tumor™ or “advanced solid
tumor.” A “solid tumor” refers to those conditions, such as cancer, that form an abnormal
fimnor mass, such as sarcomas, carcinomas, and ymphomas. Examples of solid tumors include,
but are not limited to, non-small cell fang cancer (NSCLQC), newroendocring tumors, thyomas,
fibrous tumors,.metastatic colorectal cancer (mCRC), and the like. In certain embodiments, the
solid tumor disease 18 an adenocarcinoma, squamous cell carcinoma, large cell carcinoma, and
the like,

In certain embodiments, the cancer is breast cancer. In certain embodiments, the cancer
is  colorectal adenccarcinoma. In certain embodiments, the cancer 38 small bowel
adenocarcinoma. In certain embodiments, the cancer is hepatocellular carcinoma. In certain
embodiments, the cancer is head and neck cancer. In certain embodiments, the cancer is renal
cell carcinoma. In certain embodiments, the cancer is ovarian cancer. [n cerfain embodiments,
the cancer is prostate cancer. In certain embodiments, the cancer is lung cancer. Tn certain
embodiments, the cancer is uterine sarcoma. In certain embodiments, the cancer is esophageal
cancer. In certain embodiments, the cancer is pancreatic cancer. In cortain embodimenis, the
cancer is a gastric cancer. In certain embodiments, the cancer is endometrial cancer. In cerlain
embodiments, the cancer is cholangiocarcinoma. In certain embodiments, each of the cancers

is unresectable, advanced, refractory, recurrent, or metastatic. In certain embodiments, the
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cancer 1s resistant or has acquired resistance Lo an anlicancer therapeotic agent, e.g. trealment

with an immune checkpoint inhibitor.

In certain embodiments, the efficacy of 4 compound or a combination of compounds is
tested in a xenografl cancer model in which cells isolated from a solid tumor are injected into
a host amimal, e.g an invounocompromised host, to establish solid tumors. In certain
smbodiments, the cells isolated from a sclid tumor comprise cancer stem cslls. The host antmal
can beg a model crganism such as nematode, froit fly, zebrafish; preferably alaboratory mammal
such as a .mouse (nude mouse, SCID mouse, or NOD/SCID mouse, Beige /SCID Mouse), rat,
rabbit, or primate. The severcly immunodeficient NOIWSCID mice may be chosen as recipients

to maximize the participation of injected cells,

Solely to provide certain background and not to limit the scope of this disclosure, a
KRAS gene (also called C-K-RAS; CFC2Z; K-RAS2A; K-RASZHE; K-RAS4A; K-RAS4RE; XI-
RAS; KRASBL, KRASZ;, NS; NS83; RASKZ) encodes the human cellular homolog of a
transforming gene isolated from the Kirsten rat sarcoma virus, KRAS is a member of the
mammalian RAS gene family that encode a group of closely related 21 kDa GDP/GTP-binding
proteins that can act as intracellular s gnal transducers. Alternative splicing of the Human £R4S
pre-mRINA generates transeript variaots "A" and "B" encoding two isoforms that differ in the
C-terminal region. Human transcript variant "B" having the exemplary nucleotide sequence of
SEQ ID NG 880 (see FIG. 1B; Accession No.: NM_004983), the prevalent KRAS isoform,
comprises five exons but lacks exon 4a which the longer transcript variant "A” includes.

As used herein, KRAS protein refers to a polypeptide having at least about 40%, é.g,,
about B0%, identity to the amino acid sequence provided at Genbank Accession No.
AAB41942 or ABY87538, |

In certain cmbodiments, the KRAS protein can refor to a polypeptide comprising at
least 10 contiguous amino acids of the amino acid sequence of SEQ ID NO.: 981 |

In certain embodiments, the KRAS protein refers to the KRAS isoform B having the

exemplary amino acid sequence of SEQ ID NO.: 981.
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3 WIETHIVVVS ANWEEKIALY IQLIONEEVD RYDPTIEDSY REOWYILGET COIDILDTAR

§1 QEEYSAMRDG YMRTESEGPFLC YFRAINNITHNSF EDIHEYREQI ERVEDSEDVE MVIWSNEQUL
1zi PSRYVDERCA (RIARSYEIP FILETSAKTRD DVIHIRFYTLV REIRKUEERYM SROGEHENRSY
181 JEZEOVIM {3BO ID NO.: 381

Solely o provide certam background and not to limit the scope of this disclosurs, the
N-terminal portion {residues 1165} of KRAS comprises a highly conserved G dormain which
is also found in H-RAS and N-RAS isoforms. RAS proteins can diverge substantially at the C-
terminal end, which is known as the hypervariable region. This region can contain residues that
specily post-translational protein modifications that are sesential for targsting RAS proteins {o
the cytosolic leaflet of cellular membrancs. All RAS proteins are famesylated at a ferminal
CAAX motif, in which C is cysteine, A is usually an aliphatic amino acid, and X is any amino
acid. KRAS4A 1s additionally modified by one or two palmitic acids just upstream of the
CAAX motif. The addition of the hydrophobic farmesyl moisty is complemented by the
hydrophobic palmatates (the so-called “second signal”) to fumly anchor KRAS4A to the
membrane. By contrast, KRAS4B, the predominant splice variant, contains an altcrnative
second signal that is composed of a polybasic streteh of Tysine residues. In this case, membrane
anchoring is mediated by the electropositive lysines that form ionic bonds to the predominantly

zlectronegative hipid head groups of the inner leaflet of the plasma membrane.

In certain embodiments, the term "KRAS" encompasses wild type KRAS4A and/or
KRAS4RB. In certain embodiments, the term "KRAS" encompasses both wild type and modified
forms of KRAS4A and/or KRAS4RE.

In certain embodiments, modified forms of KRAS include, but are not limited to, KRAS
proteins having one or more activating mutations, for example, missense mutations at positions
(312, G13 and/or Q61. In certain embodiments, KRAS encompasscs KRAS proteins having
ong or more allerations in the post-translational modifications of KRAS, including, but not
limited to, acetylation, methylation, lpidation, palmitoylation, prenylation, and §-
nitrosylation,

Tethered to the inner leaflet of the plasma membrane, KRAS can act as a binary

molecular switch at the apex of a signaling hub where it can control the transmission of signals

 from cell surface receptors to intracellular effectors by cycling between a GDP-bound nactive
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and a transiont GTP-bound active state. In ils active GTP-bound form, KRAS can activale
downstream effectors that control cellular processes in the cytoplasm (actin organization,
endocytosis) or modify the activity of nuclear transcription factors that regulate gene

expression mmportant for cell cyele progression, differentiation, or survival.

The KRAS wmolecular switch can fonction by responding to upstream signals by
acitvating a class of proteins known as guanine nucleotide exchange factors (RAS GEFs) that
can stimulate the dissociation of GDP from the RAS protein. For example, SOS1, a RAS GEF
in the MAPK/ERK pathway, can be recruited by the adaptor protein GRB2 in response to
epidermal growth factor receptor (EGFR) activation. The binding of SOS1 (Son of Sevenless
1) to GBR2 can localize it fo the plasma membrane, where it can activate membrane hound
RAS. Activation of KRAS by release of GDP then can allow RAS to bind free GTP which can
trigger a conformational change in the protein’s structure that can facilitate the tramsient
transduction of extraceltular signals from the active GTP-bound RAS to downstream signaling
pathways. The inactive GDP bound KRAS can then be restored by GTPase acting proteins
(GAPs), like pI20GADP, that cnhance GTP hydrolysis by the otherwise slow intrinsic GTPase

activity of RAS proteins.

Once activated, RAS-GTP can preferentially bind to and activate downstream RAS-
binding-domain (RBD) or RAS-association (RA)-domain-containing effectors. It can be
sstimated that there are at least 11 distinet RAS effector families, each of which can activate a
distinct protein signaling cascade. Exemplary downstream effector pathways that respond to

the KRAS activation are depicted in FIG. 8A and summarized below,

One exemplary downstream effector of activated GTP-bound KRAS is the RAS-RAF-
MAP-MEK-ERK kinase cascade which can be an cssential, shared clement of mitogenic
signaling involving tyrosine kinase receptors that Ieads to a wide range of cellular responses,
including growth, differentiation, inflarmation, and apoptosis. GTP-bound RAS can recruit
RAF gerine/threcmine kinases (A-RAF, B-RAF and C»RAFJ). The interaction of activated
GTP-bound KRAS with RAF can initiate the RAF — MEK — ERK kinase cascade. Activated
RAF, a MAPK (Mitogen-aciivated protein) kinase-kinase, can phosphorylate the MAPK
kinase proteins MEK1 and MEK?Z (also known as MAP2K 1 and MAP2K2), which in turn can
phosphorylate the proline-directed kinases ERK1 and 2 (extracellular signal-regulated kinase,
also known as MAPK3 and MAPK1). Activated ERK1/2 (p42/44 MAP kinase) can then

vhosphorylate many substrates, including kinases that are important for control of transiation
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{¢.8., pPORSK) and transcription faciors that contred genes involved incell cycling (e.g., ELKI,

FOS, MYC, FRA-1}

Anocther exemplary downstream effector of activated GTP-bound KRAS is the RAS-
phosphoinositide 3-kinase (PI3K)}-AKT signaling pathway involved in cell survival and
proliferation. PI3Ks are heterodimeric lipid kinases c@mpbsed of a regulatory subunit (p83}
and a catalytic subunit (p110). GTP-bound KAS bound to the p110 (o, B, v, and 8) catalytic
subunits of class I PI3K can trigger the synthesis of the secondary messenger,
phophatidylinositol-3,4, 5-triphosphate (PIP3). PIP3 can then be free to engage the plecksirin
homology (PH) domain of AKXT/PKB (Protein kinase B}, thereby stimulating its Ser/The kinase
activity and the phosphorylation of a host of other proteins involved in cell growth, cell (;ycie;
entry, and cell survival. AR T-racdiated phosphorylation can inhibit some proteins that promote
programmed cell death (BAD, FoxO), and stimulates others (MDM2) that promote cell
survival,

Many additional RAS effectors have now been identified. These include RAIN, an
endomembrane receptor for RAS, NOREIL, a pro-apoptotic tumor suppressor, and AF-6, a
mediator of membrane-cytoskeleton interactions. RAS can also engage in cross- talk with other
(iTPase signaling pathways involved in regulating actin reorganization and/ or endocytic
trafficking. This can occur through interactions of RAS with RAL guanine nucleotide
dissociation stimulator for the RAS-like (RAL) small GTPascs, RALA and RALB, a GEF that
facilitates GDP;’GT? exchange with RAS (RALGDS). RAS can also interact with GEFS like
RINY, for RABS, and TIAM]I (tumor invasion and metastasis inducing protein 1), for RAC. In
addition, accuwmulating eovidence indicates signaling specificity mavy also be dictated by
differential localization of KRAS isoforms in discrele plasma membrane microdomains or
distinet intracellular membrane compartiuents {e.g., endosomes, Golgi), where the activated
GTPase may encounter a unigue sels of effectors.

KRAS can be essential for mammalian smbryonic development. KRAS-deficient nuce
can die of anemuia and defective fetal liver ervtlwopoiesis after only about 12-14 days of
sestation. Germline mutations that affect components of the RAS-RAF-MEK-ERK pathway
cant cause several developmental disorders, including Noonan Syndrorse (N83), Costello
Syndrome and Cardio-Facio-Cutaneous (CFC2Z) syndrome. The developmental disorders

associated with RAS pathway motations may share phenotypic features that include facial
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abnormalities, heart defects, impaired growth and development, and, in some instances, a

predisposition fo specific cancers.

KRAS is also a proto-oncogene. A proto-oncogene can become oncaogenic by increased
KRAS expression or the acquisition of an "activating” mutation, i.e. a mutation that lsads to
constitotive aberrant activation of KRAS signaling. Indeed, activating somatic KRAS
mutations have been detected in ~30% of all buman cancers. Amongst those cancers, KRAS
can be found in a predominantly mutated form in pancreatic ductal adeno-carcinoma (71%),
colorsctal cancer (35%), non~small cell lung adenocarcinoma (19%), and endometrial cancer
(17%) (see TABLE 2 below; collated from the Catalogue of Somatic Mutations in Cancer
{COSMIC) database). Activating KRAS gene point mutations can also be present in other
cancers, inchuding but not limited to, biliary tract malignancies, endometrial cancer, cervical

cancer, bladder cancer, liver cancer, myeloid leukemia and breast cancer.

TABLE 2

Prinvary Tlosue ARS8 HRAS (%

NRAS (%) Totat (963

Mutant KRAS, as used hﬁ:feim refers to somatic or germling KRAS4 A and/or KRAS4EB
mutations including, but not Hmifed {o, point mutations, nonsense substitutions, missense
substitutions, synonymous substitutions, in frame insertions, frameshift insertions and/or
deletions. KRAS missense gain-of-function activating mutations can be found predominantly
at one of three mutational hotspots: G12 (89%), G13 (9%), and Q61 {1%). In certain
embodiments, these mutations disropt intrinsic as well as GAP-mediated GTP hydrolysis. In
certain embodiments, the disruption results in an accumulation of constitutively active GTP-

bound RAS in cancer cells.

In certain embodiments, a nmtant KRAS can refer to aberrant post-translational
modification of KRAS. In certain embodiments, the aberrant post-translational modification of

KRAS includes, but not limited fo, phosphorylation, glycosylation, ubiquitination,
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nitrosylation, methylation, acetylation, lipidation (C-terminal glycosyl phosphatidylinositol

(GPT) anchor, N-terminal myristoylation, S-myvistoylation, S-prenylation) and/or proteolysis.

In certain embodimenis, a mulant KRAS can refer to aberrant splicing of KRAS

mRNAs.

TABLE 3 below provides an exemplary Hst of KRAS4B mulations and their reporied
association with buman cancers and developmental disorders, Oncogenic KRAS mutations
associated with cancer include, without limitation, KRASSID KRASIV KRASHID,
KRASSI® KRASVHIR LRASWU. KRASCHE KRASCHER and KRASCHC, The skilled artisan
will understand that a KRAS gene comprising a different KRAS mutation than one of those
above and/or combinations of the above and/or other KRAS mutations that lead to constitutive
activation of KRAS signaling, is also an oncogenic KRAS encompassed by the present
disclosure. A comprehensive list of KRAS mutations present in human cancer is available

online from UniProt Consortium, EMDBL
TABLE 3

EXEMPLARY KRAS MUTATIONS!

PHF\OTYPE

MUT %TION h

Somath

{ Lung Cancer, Squamous Cell, Somatic

i CRAS, GLYIZARG
! Bladder (“anccr Somatic, Included e “

i Braast Adenocarcinoma, Sonmtic
{ Tuvenite Myelomonooytic Leumsmta ‘umuttc J}.Chl ied

Bladder (‘ancer Transitional ‘ueli' Am_atm
P&nc reatic Carcinoma, Soraatic
;(mstuu Cancer, Sormatic, Included
\Epidenmal Nevas, Somatie, Includad
er‘ s Sebaceous, Somatic, Included
‘x‘(,i" mnmelpenning-Feuerstein-Mins Syrudrome, Somatic Mosais, Included

L fuvenile A\/ch.lor:mmc\ A Leukerma, Somate, Inchuded

Has-Assootated Autoimmune Lemmpnmic*atwe Dlsordu Somaiig, .miumd

Pmcrsa tic Q arcinoma, Somatic
Nevus Sehaceous, Somc:ﬂc It cluded

Cragtrie Cancer, Sf)m;v

Juvenile X veiomonmvtzx Leukerma Somatic, Included

e

Leukenus, Acute \chiog( nous, Somatic

Losdissneeny

! reproducsd from OMIM® (Online Mendelian Inheritancs in Man®), Johns Hopkins Undversity:
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ard-mfac;mean@ous Syn(.r Ome .Z

In certain smbodiments, “KRAS signaling” can refer to wild type KRAS4A and/or
KRAS4B GiPase activity, GTP/GIP binding activity or any signaling activity induced by

GTP-bound KRAS4A andlor KRAS4ER, including, but not limited to, the RAS-RAF-MAP-

MEK-ERK, the RAS-PI3Ks-AKT and RAS-RalGDS signal tranedection pathwaye as

sununarized m part above {(2.g., see FIG, 8A).

In certain embodiments, "KRAS signaling” encompasses any form of aberrant KRAS
signaling. For example, in certain embodiments, aberrant KR AS signaling can occur as a result
of signaling by an oncogenic KRAS protein having one or more activating mufations,

including, but not limited to, missense mutations at positions G12, G13 and/or Q61

In cerfain embodivoents, the aberrant KRAS signaling refers to the activity of a
hyperactive wild type GTP bound KRAS as a result of changes in GDP-GTP regulation, loss
of GAPs or persistent receptor tyrosine kinase-mediated activation of GEFs. Thus, in certain
embodiments, aberrant KRAS signaling can be caused by the aberrant activation of effector
molecules downstream of KRAS, mchuiding, but not limited to, A-RAF, B-RAF, C-RAF, MEK|
ERX and/or FRA-1. In certain embodiments, aberrant KRAS signaling, ¢.g. oncogenic KRAS
signaling, can occur in the presence of wild type KRAS. In cerfain embodiments, aberrant
KRAS signaling, e.z. oncogenic KRAS signaling, can occur as a result of the overexpression

of KRAS, e.g. via gene amplification.
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In cerlain embodiments, KRAS signaling comprises hyperactive KRAS signaling
inittated as a result of the inactivation of a tumor suppressor that, when inactivated, provides
an altemative mechanism of activating RAS. In certain embodiments, the hyperactive KRAS
signaling results from the mactivation of a tumor sueppressor such as a RAS GAP. Exemplary
RAS GAPs include, but are not hmited to, RASAIL RASA?, RASA3 RASA4, RASALL, NF1,
DAR2IP, RASALZ, RASAL3, SynGAPL, IQGAPL, IQGAP2 and IQGAP3,

The aberrant signaling by mutant or otherwise modified KR AS has been implicated in
developmental disorders and virtually all aspects of the malignant phenotype of the cancer cell,
mcluding cellufar proliferation, transformation, invasion and metastasis. However, despite the
importance of oncogenic KRAS in the stiology of human cancers, efforts to develop small
molecole drugs targeting, for example, oncogenic KRAS over the past three decades have bean

largely unsuccessful.

For example, as reported by Stephen er of, Cancer Cell (2014 vol. 23, 3 272-281,
efforts to block RAS associated cancers by preventing RAS famesylation, once thought to be
an gssential postiranslational moditication for RAS activity, were thwarted by the unexpected
presence of a backup system (geranylgeranyitransferase} that restored activity of KRAS and
NRAS after farnesyliransferase treatment. Likewise, efforts to block one of RAS major
downstream effectors, RAF kinase, ran info the unexpected discovery that, in RAS-transformed
cells, RAF inhibitors activate the pathway rather than inhibit it. MAP kinase-kinase (MEK)
inhibitors and phosphatidviinositol 3-kinase (PI3K) inhibitors have not yet shown significant
clinical activity in RAS associated cancers, for reasons relating to feedback loops and poor
therapeutic windows as well as lack of specificity. This failure has led some to disnuss KRAS
as an "undruggable” targel. Even strafegies employing siRNAs to targel mutant KRAS remain
challenging primarily becavse of off target silencing of genes unrelated to KRAS or the
indduction of a robust interferon response.

In one aspect, the present disclosure reports on an approach for specifically inhibiting
aberrant KRAS signaling in tumor cells without the known caveats associated with RNA
initerference.

As shown in Exaroples 2 and 3, oncogenic KRAS signaling in KRAS associated cancer
cell lines can imduce aberramt RAFV/MEK/ERK/FRA-1 signaling that can stimulate the
constitutive high level expression of the immune checkpoint, PD-L1. The interaction of PD-L1

expressed on the surface of tumor cells with PD-1 receptor on T cells can trigger the activation
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of the PD-LI/PD-1 immune checkpotnt pathway in T cells which can lead to the suppression
of tumor cell-specific T cell cytotoxicity. In ceriain embodiments, the targeted inhibition of
KRAS signaling, e.g., by KRAS-specific asymmetric interforing RNAs, can down-regulale
PD-L1 gene expression and restore the semsitivity of cancer cefls expressing an omcogenic
KRAS to killing by antigen-specific eytotoxic T cells (see Example 4). In certain embodiments,
the inhibition of encogenic KRAS signaling in cancer cells can inhibit MEK/ERK-dependent
phosphorylation. In certain embodiments, the inhibition of oncogenic KRAS signaling in
cancer cells can inhibit the accumulation of FRA-1 protein. In certain embodiments, FRA-1
protein is a tramscription factor required for the activation of the AP-1 responsive enhascer
within the first intron of the PI>-L1 gene. Inhibition of KRAS signaling may therefore provide
a novel approach to sensitizing cancer cells resistant to immunotherapies, such as immune

checkpoint therapies, as well as improving the efficacy of known anticancer therapeutics.

In certain embodiments, the modulator of KRAS signaling may cornprise, for example,
an hibitor thal reduces or prevents KRAS-mediated cell signaling in tumor cells. In certain
embodiments, the tumor cell expresses sn oncogenic KRAS. In certain embodiments, the
inhibitor can directly target both wild type and/or oncogenic KR AS by inhibiting the exprassion
of KRAS in tumor cells. In certain embodiments, the inhibitor of KRAS can be, for example,

an RNA interfering agent.

An “RNA interfering agent,” as used herein, is defined as any agent that can inbibit the

expression of atarget gene by RNA interference (RNA1).

Solely to provide a background and nof to Hmit the scope of this disclosure, "RNA
interference (RWNAI)" is an eovolutionally conserved process whereby the expression or
introduction of an RNA comprising a sequence that is identical to or highly similar to a target
genc sequence can result in the sequence~spocific degradation or specific post-transcriptional
gene silencing (PTGS) of messenger RNA (mRNA} transcribed from that targsted gens,
thereby inhibiting target gene expression. In nature, RNAI is initiated by the dsRNA-specific
endonuclease, Dicer, a member of RNase I ribonuclease family. Dicer cleaves long, double-
stranded RNA (dsRNA), pre-microRNA (miRNA), and short hairpin RNA (shRNA) into $h0rt
double-stranded RNA fragments called small interfering RNAs (siRNA} of about 20-25
nucisotides in length, usually with a two-base overhang on the 3' end. Dicer catalyzes the first
step in the RNA mterference pathway and initiates formation of the KNA-~induced silencing

complex (RISC), whose catalytic component, argonaute, is an endonuclease capable of
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degrading messenger RNA (mRNA)Y whose sequence is complementary Lo that of the siRNA

guide strand.

RNAI can be iniliated by iniroducing nucleic acid molecules, g, syﬁthstic siRNAs or
RNA interfering agents, having a guide RNA that targets a specific expressed gene ssquence.
Examples of such RNA interfering agents include, but are not limited to, small non-coding
RNAs such as antisense oligomucleotides, shRNAs (e.g. as disclosed in U.S. Patent No.
7,750,144, which is incorporated by reference herein in its entirety for any purpose), siRMAs
{e.g. as disclosed in U.S. Patent No. 7,056,704 and 9,260,470, which are incorporated by
reference herein in their entireties for any purpose), a microRNA or a mature microRNA
molegule or a pre-microRNA molecule or a primary microRINA molecule, or 2 variant thergof,
{c.g. as disclosed in U.8. Patent No. 8,609,831, which is incorporaied by reference hersin in
its entirety for any purpose), gapmers {e.g. as disclosed in U1.S. Patent Mo. 6,107,094, which
is incerporated by reference herein in its entirety for any purpose), IncRNA (e.g. as disclosed
in the Infernational Publication No. WO2012018881, which is incorporated by reference heremn
in its entirety for any purpose), a piRNA (piwiRNA) melecule (e.g. as disclosad in the
International Publication No. WO2008109142, which is incorporated by reference herein in its
entirety for any purpese), a iplex oligonucleotide {o.g. as disclosed in U8, Patent No.
5,693,773, which is incorporated by reference hercin in s entirety for any purpose), or
rihbozymes {e.g. as disclosed in U.S. Patent No. 5,225,347, which 1s incorporated by reference

herein in its entirety for any purpose).

Exemplary chemical modifications of RNA interfering agents are disclosed in Dar ef
al siRNAmod: A database of experimentally validated chemically modified iR NAs. Scit. Rep.
{2016} 6, 2003 1.

The present disclosure provides compositions mmpﬁsing a class of short double
stranded RNA inlerfering agents, called asymmetrical interfering RNAs (aiRNA), that can
induce potent gene silencing in mammalian cells. aiBNA 1s deseribed, for example, 1 PCT
Publications WO 2009020688 and WO 2009/029690, the contents of which are hereby
incorporated by reference in their entireties for any pwposs. In one aspect, this class of RNAL-
inducers is characterized in the length asymometry of the two RNA strands. This stractural
design can not only be functionally potent in effecting gene silencing but offer several
advantages over the current state-of-art sitRNAs, Among the advantages, aiRNA canhave RNA

duplex structure of much shorter length than the other siRNA, which should reduce the cost of
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synthesis and abrogate/reduce the length-dependent triggering of nonspecific inderferon-tike
responses. In addition, the asymmetry of the aiRNA structure abrogates and/or otherwise
reduces the sense-strand’ mediated off-tarzet effects. aiRNA is therefore, in cerfain
embodiments, more efficacious, more potent, with a more rapid-onset, and more durable af

inducing gene silencing than any of the other RNA interfering agents.

In certain embodiments, aiRNAs disclosed herein sach comprises a first strand with a
length from 18-23 nucleotides (nt) and a sceond strand with a length from 12-17 nucleotides.
In certain embodiments, the second strand is substantially complementary to the first sirand. In
certain embodiments, the second strand forms a double-siranded region with the first strand. In
certain embodiments, the first strand has a 3“overhang from 1-9 nucleotides. In certain
embodiments, the first sirand has a -overhang from 0-8 nucleotides. In certain erobodiments,

the aiRMNA is capable of effecting at silencing KRAS signaling in a eukaryotic cell
Tn certain embodiments, the first strand is 1§, 19, 20, 22, or 23 nucleotides long.
In certain embodiments, the second strand s 12, 13, 14, 18, 16, or 17 nucleotides long.

In certain embodiments, the 3-overhang is greater than 0 nuclectides in length In
certain embodiments, the first strand comprises a sequence being substantially complementary
to a target KRAS mBNA sequence. In certain embodiments, the first strand comprises a

sequernce being at least 70 percent complementary to a target mRNA sequence.

In certain embodiments, the first strand is at least 1 nt longer than the second strand. In
a further embodiment, the first strand s at least 2,3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 135, 19,
17, 18, 19, or 20 nt longer than the second strand. In another embodiment, the first strand is
20-100 nt longer than the second strand. In a further embodiment, the frst strand s 2-12 nd
longer than the second strand. In an even further embodiment, the first strand s 3-10 nt longer

than the second strand.

In certain embodiments, the first sirand, or the long strand, has a length of 5-100 nt, or
preferably 10-30 or 12-30 nt, or more preferably 13-28 ut. In one embodiment, the first strand
is 21 nucleotides in length. In some embodiments, the second strand, or the short strand, has a
length of 3-30 nt, or preferably 3-29 ot or 10-26 nf, or more preferably 12-26 nt. In some

gmbodiments, the second strand has a length of 15 nuclsotides.

In certain embodiments, the double-stranded region has a length of 3-98 base pairs (bp).

In a further embodiment, the double-stranded region bas a length of 5-28 bp. In an even further
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embodiment, the double~-siranded region bas # lengih of 10-19 bp, The length of the double-
siranded regioncanbe 3,4, 3, 6,7 8,9, 1G, 11, 12, 13, 14, 15, 1‘6, 17, 18, 19, 20, 21, 22, 23,
24, 25,26, 27, 28, 29, or 30 bp.

In certamn embodiments, aiRNAs disclosed herein comprise a duplex RNA conmprising
2 first strand, whersin the 5 <erminal and 3 -terminal nucleotides of the fimst sirand are from
16 to 21 nucleotides apart, and a second strand, wherein the 3 -terminal and 3 -terminal
nucleotides of the second strand are from 10 to 17 nucleotides apart, wherein the 5 -terminal
nuciectide of the second strand is complementary to a nucleotide of the first strand other than
its 3'-terminal nucleotide, wherein the 3 -lenminal nucleotide of the second strand is

complementary to a nucleotide of the first strand.

In certamn smbodiments the penultimate nucleotide from the 3 -termunal nucleotide of
the first strand is not 4T,

In certain embodiments, the duplex RNA is more effective at silencing an expresssd
nucleotide scquence of a target gene than a corrcsponding 2 l-mor siRNA duplex targeting
the same expressed nucleotide sequence of the target gene.

In certain embodiments, the second strand is from lio 8 nucleotides shorter than the
first strand, In certain embodiments, the 57-terminal and 3’ -terminal nucleotides of the first
strand are 19 nucleotides apart. In cerfain embodiments, the 5 -terminal and 3 -terminal
nucleotides of the sccond strand are 13 sucleotides apart. In cortain embodiments, the §'-
terminal and 37 -terminal nucleotides of the first strand are 19 nuclectides apart and the 57-

terminal and 3°-terminal nucleotides of the second strand are 13 nucleotides apart.

In certain embodiments, the 3 -terminal nucleotide of the second strand s
complementary to a nucleotide of the first strand that is within 3 nucleotides from the 3°-
terminal nucleotide of the first strand. In cestain embodiments, the 3 -terminal nuclestide of

the second strand is complementary to the 5’-terminal nucleotide of the first strand.

In certain embodiments, the 3 -terminal nucleotide of the second strand is
complementary {o a nuclectide of the first strand that is 1-4 nucleotides from the 3 -terminal
nucleotide of the first strand. In certain embodiments, the 5 -terminal nuclsotide of the second
strand is complementary to a nucleotide of the first strand that is 1-2 nucleotides from the 3°-

ternunal nucleotide of the first strand.
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In cerlain embodiments, at least one nucleotide of the sequence of 3 overhang 1s

selected from the group consisting of A, U, and dT.
In certain embodiments, the GC content of the double stranded region is 20%-70%.
In certain embodiments, the first strand has a length from 19-22 nucleotides.

In ceriain embodiments, the first strand has a length of 21 mucleotides. In certain

gmbodiments, the second sirand has a length of 14-16 sucleotides.

In certain smbodiments, the first strand has a length of 21 nucleotides, and the second
strand has a length of 13 nucleotidss. In certain smbodiments, the firet strand has a 3-overhang
of 2-4 nuclootides. In certain embodiments, the first strand has a 3%-overhang of 3 aucleotides.

In vertain embodiments, the first strand has a S-overhang of 3 nucleotides.

In certain embodiments, a duplex RNA molecule of the present disclosure, e.g. atRNA,
can contain at least one modified nucleotide or its analogue. In certain embodimenty, the at
least one modified nucleotide or ifs analogue can be a sugar-, backbone-, and/or base- modified
ribonucleotide. In certain embodiments, the backbone-modified ribonucleotide can have a
modification in a phosphodiester linkage with another ribonucleotide. In certain embodiments,
the phosphodiesier linkage is modified to include at least one of a nitrogen or a sulphur
heteroatom. In another embodiment, the modified nucleotide or its snalogue can be a backbone-
modified ribonucleotide containing a phosphothicate group. In certain embodiments, the at
least one modified micleotide or its analogue is an unusual base or 2 modified base. In cortain
smbodiments, the at least one modified nuclectide or its analogue comprises inosing, or a
tritvlated base. In certain embodiments, the modified nucleotide or its analogue is a sugar-
modified ribonucleotide, wherein the 2-0OH group is replaced by a group selected from H, OR,
R, halo, 8H, SR, NHz, NHR, NRz, or ON, wherein each K is independently C1-Cs alkyl, alkenyl

or atkynyl, and halo s F, Cl, Br, or L

In certain embodiments, the first strand comprises at feast one deoxynuciectide. In

certain embodiments, the at least one deoxynucleotide is in one or more regions chosen from

3-overhang, S~overhang, or double-stranded region. In another embodiment, the second strand

comprises at least one deoxynucleotide.

In certain embodiments, 8 modulator of KRAS signaling comprises, for example, an

aiRNA. In certain embodiments, a modulator of KRAS signaling comprises a KRAS-related

[F3]
L1
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aiRNA. In certain embodiments, 2 modulator of KRAS signaling comprises a KRAS-specific
ailRNA.
In certain embodiments, a moduolator of KRAS signaling comprises, for example, one

or more KR AS-specific aiRDMAs that target one or more KRAS activating mutations as defined

" herein. In certain embodiments, a modulator of KRAS signaling comprises, for example, one

or more KRAS-specific aiRNAs that target KRAS transcripts having one or mors KRAS
activating mutations at amine acid residues G12, 13, S17, P34, and/or Q61

In certain embodiments, a2 modulator of KRAS signaling comprises, for example, one
or more KRAS-specific aiRNAs that target both wild type and oncogenic KRAS RNA
sequences.

Wild type KR AS-specific aiRNAs are described, for example, in the PCT International
Application WO2015139044, the content of which is hereby incorporated by reference in ifs
entirety for any porpose.

Hwemplary KRAS aiRNA molecules, comprising a sense strand sequence, an antisense
strand sequence or a combination of a sense strand sequence and antisense strand sequence are

also shown in TARBLE 4.

TABLE 4
a
ERBziiey Sense Strand Sense Strand Antisense Strand Anstﬂf;»;nc;
: RO: Sex ol )
ID RO Sequence SEQ ID WO Seguence SEGQ TD NO:
FAUAGOINIATNY 638
g
11
1%
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antisense

ailRNA Sense Strand Senze Strand Antisense Strand Stpand
ID RO: Seguences SEQ ID NG Saquance

SEQ ID RO:

Qa2

AAGUATACACUTUALIY

In certain embodiments, the RNA duoplex molecule (ailRNA) comprises a sense strand
sequence selected from the group comsisting of SEQ ID NOs: 320-637. In certain
gmbodiments, the RNA duplex molecule (aiRNA) comprises an antisense strand soguence
selected from the group consisting of SEQ ID NOs: 638-935. In certain embodiments, the
RNA duplex melecule (aiRNA)Y comprises a sense strand sequence selected from the group
consisting of SEQ ID NOs: 320-637 and its c;mr@spondir;g complimentary antisense strand

sequence as depicted in TABLE 4 above.

In certain embodiments, a KRAS RNA duplex molecule (siRNA) comprises a sense
strand sequence that is at least, e.g., 50%, 60%, T0%, T5%, B0%, 85%, 90%, 95% or more
identical to a sequence selected from the group consisting of SEQ ID NOs: 320-637. In certain
ernbodiments, the RNA duplex molecule (aiRNA) comprises an antisense strand sequence that
is at least, e.g., 50%, 60%, T0%, 75%, 80%, 85%, 90%, 95% or more identical to a sequence

selected from the group consisting of SEQ ID NOs: 638-955. In certain embodiments, the
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RMA duplex molecule (aiRNA} comprises a sense sirand sequence thal is at least, e.g., 50%,
60%, T0%, T3%, 80%, 85%, 90%, 35% or more identical to a sequence selected from the group
conststing of SEQ ID NOs: 320-637 and a substantially complimentary antisense sirand
sequence that independently is at least, e.g., 50%, 60%, 70%, 75%, 80%, §5%, 90%, 95% or

more identical o the corresponding antisense strand as depicted in TABLE 4 above.

In certain embodiments, a modulator of KRAS signaling comprises, for example, one
or more aiRNAs that target one or more effectors of the RAS/RAF/MEK/ERK/FRA signal
transduction pathway. In certain embodiments, a modulator of KRAS signaling comprises, for
example, one or more aikNAs thal target wildtype or mutant RAS GEFs. In cerlain
embodiments, a modulator of KRAS signaling comprises, for example, one or more aiRNAs
that target wildtype or nmtant A-RAF, B-RAF and/or C-RAF/RAF-1. In certain embodiments,
a modulator of KRAS signaling comprises, for example, one or more aiRNAs that target
wildtype or mutant MEK 1/2. In certain embodiments, 2 modulator of KRAS signaling
cornprises, for example, one or more aiRNAg that target wildtype or mutant ERK 1/2. Incertain
embodiments, a modulator of KRAS signaling comprises, for example, one or more aiRNAs

that target wildtype or mutant FRA-L

The present disclnsure also provides a method of preparing a duplex RNA molecule of
the disclosure. In certain embodiments, the method comprises synthesizing the first sirand and
the second strand. In certain embodiments, the method comprises combining the synthesized
strands under annealing conditions. In certain embodiments, the duplex RNA molecule is
capable of effecting KR AS silencing. In certain embodiments, the RNA strands are chemically
synthesized, or biologically synthesized. In certain embodiments, the first strand and the second
strand are synihesized separately or simultancously. In cerlain embodiments, the method
comprises introducing at least one modified nucleotide or its analogue into the duplex RNA
molzeule during the synthesizing step, after the synthesizing and before the combining step, or

after the combining step.

In certain embodiments, the present disclosure provides an expression vector for the
generation of the duplex RNA in vivo. In certain embodiments, the vector comprises a nucleic
acid or mucleic acids encoding the duplex RNA molecuole operably linked to at least one
gxpression-control sequence, e.g. a U6 snRNA promoter or an inducible promoter. In certain
embodiments, the vector comprises a first nucleic acid encoding the first strand operably linked

to a first expression-control sequence. In certain embodiments, the vector comprises a sscond
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nucleic acid encoding the second sirand operably linked lo a sccond expression-control
sequence. In another embodiment, the vector is a viral, eukaryotic, or bacterial expression
vector. The present disclosure also provides a cell comprising the expression vector. In another

embodiment, the cell comprises a duplex aiRNA molecule, o.g. a KRAS-specific aiRNA,

The present disclosure further provides a method of modulating KRAS signaling. In
certain embodiments, the method comprises adounistering an asypuunetrical duplex RNA
molecule of the disclosure. In certain embodiments, the method comprises administering an
asymmetrical duplex RNA molecule of the disclosure in an amount effective to silence KRAS
expression or otherwise reduce KRAS expression. In certain embodiments, the raethod s 10 a
cell or an organismn. In certain embodiments, the method comprises contacting said cell or
organism with an asymonetrical duplex RNA molecule of the disclosure, for example, under
conditions wherein sclective KRAS gene stlencing can occnr. In certain embodiments, the
method comprises mediating a selective KRAS gene silencing affected by the duplex RNA
molecule towards KR AS or nucleic acid having a sequence portion substantially corresponding
to the double-stranded RNA. In certain embodiments, said contacting step comprizes
introducing said duplex RNA molecule into a target cell in culture or in an organism in which
the selective KRAS silencing can occwr, In certain smbodiments, the introducing step iz chosen
from transfection, lipofection, ecleciroporation, infection, injection, oral administration,

mhalation, topical admunistration, or regional administration.

In certain embodimenis, the introducing step comprisss wsing a pharmaceutically
acceptable excipient, carrier, or diluent. In certain embodiments, the pharmaceutically
acceptable excipient, carricr, or diluent is chosen from a pharmaceuntical carrier, a positive-
charge carrier, a2 liposore, & prolein carrer, 3 polymer, a nanoparlicle, 4 nancemulsion, a lipd,
and & Hpoid. |

In certain embodiments, a modulator of KRAS signaling may comprise one or more
inhibitors that target the KRAS activation of the RAF/MEK/ERK/FRA-1 signaling pathway.
In certain embodiments, the method cornprises adminisiering an asymmetrical duplex RNA
molecule of the disclosure in an amount effective in reducing {(e.g., siencing) the KRAS
activation of the RAF/MEK/ERK/FR A-1 signaling pathwavy.

In certain embodiments, a modulator of KRAS signaling may comprise one or more
inbibitors that target the oncogenic KRAS activation of the RAF/MEK/ERK/FR A-1 signaling

pathway. Incertain embodiments, the method comprises adminisiering an asymmetrical duplex
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RNA molecule of the disclosure in an amount effective in reducing {e.g., silencing) the

oncogenic KRAS activation of the RAF/MEK/ERK/FRA-1 signaling pathway.

In certain embodiments, a moduolator of KRAS signaling may comprise an inhibitor of
RAF activity {o.g. A-RAF, B-RAF, RAF1). In certain embodiments, a modulator of KRA
signaling may comprise an inhibitor of mitogen-activated kinase activity {e.g., MEK1, MEKZ)},
an inhibitor of ERK activity {s.g., ERK1, ERK2). In certain embodiments, a modulator of
KRAS signaling may comprise inhibitor of FRA-1 activity vr any combination thereof. The
skilled astisan will understand, however, that other downstream targets may also be suitable
targets for an inhibitor of KRAS signaling, o.g. oncogenic KRAS signaling, and such targets

are also encompassed by the present disclosure.

In certain smbodiments, a modulator of KRAS signaling may comprise, for sxample,

an RNA interfering agent that inhibits one or more downstream effectors of KRAS signaling.

In certain embodiments, a modulator of KRAS signaling may comprise an nhibitor of
A-RAF, B-RAF, and/or C-RAF, for example, an A-RAF, B-RAF, and/or C-RAF RNA
interfering agent (5.9, see WO2009143372, the content of which is hereby incorporated by
reference in its entivety for any purpose).

In certain embodiments, a moduolator of KRAS signaling may comprise an inhibitor of
MEK activity, for example, a MEK RNA interforing agent {e.g., see published Patent
Application No. 2009/0238936, the content of which is hereby incorporated by reference in s
entirety for any purpose).

In certain embodiments, a modulator of KRAS signaling may comprise an indubtfor of
ERK activity, for example, a ERK RNA interfering agent (sg., see published Patent
Application No. 20090239936, the content of which is hereby meorporated by reference in its
entirety for any purpose).

In certain embodiments, a modulator of KRAS signaling may comprise an inhibitor of
FRA-1 activity, for example, a FRA-1 RNA interfering agert (e.g. see U.S, Patent No.
6,124,133, the content of which s hereby incorporated by reference 1n ity entirety for any
pﬁrpose).

In certain embodiments, a modulator of KRAS signaling may comprise an anfigen-
binding protein or fragment thereof (e.g. a recombinant andigen-binding protein} that fargets

RAS protein, e.g. an oncogenic KRAS {c.g sce 1LS. Patent Nos. 4.820,631; 5,084,380,
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4,898,932; 5,081,230, 5,112,737, 5,028,527, the contents of which are hersby incorporated by
reference in their entireties for any purpose), RATF protein (e.g. See WO2014047973, the
content of which is hereby incorporated by reference in ity entirety for any purpose), MEK
protein, ERK protein and/or FRA-1 protein.

In certain smbodiments, a modulator of KRAS signaling may comprise a small
molecule inhibitor of KRAS signaling {(ses, for example, WO2016123378A1, the content of

which is hereby incorporated by reference in its entirety for any purpose and TABLE § below).

TABLES

Exemplary inhibitoss of the RAS/RAF/MEK/ERK signal transduction pathway *

INHIBITOR

TARGEY(S)

Ras, famegyle

CANCER EXAMINED

AML, lymphoma,

CLINICAL
TRIALS

COMIPANY

Johnson &

transierase, breast, glioma, Johnson
Rheb

Raf, enal cell carcinoma,
VEGERZ, HCC, melanoma,
VEGEFR3, leukernias

PDOF-R, o-
B, o-Fems,
Fli-3

AAL-BZ1 Rat thyroid, glioma Preclinical Novartis
IBT-613 Rat glioma, thyroid Preclimoal INowvartis
RAF263 B-Raf, Raf-]  melanoma Phase | Movartis
,
{o-Raf), A-
Raf B-
Ravr’s'ﬁ(}i)i'l
YEGEFR-2
%1281 B-Raf, c-Raf, coloractal, papillary Thase I Exclixiz/Bristol
B- Raf 78008 thyroid, ovarian, Myors Squbb
prostaio, carcinoid :
sB-3908835 Raf, B- melanomsa - Precimseal GlaxoSmithKline
RafyV a0k
Ph-4720 Raf, B- maelanoms Precimical Plexuikon/Roche |
Fix-4032 Raf, B- melanoma, thyroid, Phase 1 Plersdkon/Roche |
RafvVelor ovarian, soiid tumors
1779.450 Raf  leukemia Praciinical Merck

“ modilled from Chappell el 2l Oneolarged. (2011 20135-64,
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CLINICAL

INHIBITOR TARGET(S) CANCER EXAMINED TRIALS COMPANY
GwS074 Ral 1 {o-Ral) melanoms, ghioblastoma Preclinical GlaxoSmthKline
5 Raf - Preclinical GlanoSmithKling

MEK], colorestal, NSCLC, Phage I, {1 Pfizer

' : MKX3 pancreatic, kidoey, {discontinued)

PDO325%01 MEKI2 breast, colon, MSCLC, | PhaseI 11 Pfizer
melancmea {discontinued)

%1518 MEK Fhase 1 Bxelixig

selumetinib MEK melanoma, HCC, Phage 1, 1T Aatra

{AZI6744, pancreatic, colon, hung, | LenscalArray

ARRY-142886) breast | BinPharma

RIDEALL®D MAPZKE advanced mmors Phase 1, 11 - Ardea/Bayer

(BAY E589765% {WMAPK/ERK 5

kinass 1)

PDOGRO3Q MEK1?2 advanced hematological | Preclinical - Parke-
and advanced sohid Davis/Plizer
CAnGers ‘

0126 MEKI/Z advanced Preclinzcal TniPont
hematological and ' Pharmaceuticals
advanced solid cancers

51-327 MEK1/2 not evaluated for use in | Preclimical TraPont
cancer treatment Pharmaceuticals

In certain embodiments, a modulator of KRAS signaling may comprise a covalent
inhibitor of KRAS G12C (see for example, WO20141532588 and WO2016049524, the contents

of which are hereby incorporated by reference herein in their entireties for any purpose).

In certain embodiments, a modulator of KRAS signaling may comprise an inhibitor of
prenyl iransferase activity. In certain embodiments, a modulator of KRAS signaling comprises
one or more agents cach independently chosen from inhibitors of famysyltransferase or
geranylgeranyl transferase I (e.g., see U.S. Patent No. 5,965,539, the content of which is hereby

incorporated by reference in its entirety for any purpose}.

In certain embodiments, a modulator of KRAS signaling may comprise, for example, a

gmall molecule RAF inhibitor. In certain embodiments, a small molecule RAF inhibitor can

BExemplary BRAF ichibitors include, but are not limited tfo, venwrafenib (RG7204 or
PLX4032) which has been approved by the FDA for treatment of melanoma, dabrafenib which

has been approved by FDA for treatment of cancers associated with a mutated version of the

43




WO 2018/098352 PCT/US2017/063116

gene BRAF, GDC-0879, PLX-4720 (Plexxikon/Roche) (R7204), Sorafenib Tosylats,

dabrafenib and/or LGX818 or any combination thereof.

e il IPLESR T,

DO

3 In ceriain embodiments, a modulator of KRAS signaling may comprise, for example, a
small molecule MEK inhibitor. In certain embodiments, a MEK inhibitor may comprise, for
example, an ATP-competitive MEK inhibitor, a non-ATP compstitive MEK inhibitor, and/or
an ATP-uncompetitive MEK inhibitor.

Exemplary MEK inhibitors include, but are not limited to, trametinib (GSK1120217Z;

10 JTP 74057, for treatment of BRAF-mutated melanoma and possible combination with BRAF
inhibitor dabrafenib (GSK2118436) to treat BRAF-mutated melanoma; selumetinib (ARRY -
142886, AZD6244), for non-small cell lung cancer (NSCLCY, binimetinib (MEK162, ARRY-

162, ARRY-438162), for biliary tract cancer and melanoma; PD-325901, for breast cancer,
colon cancer, and melanoma; Cobimetinib (GDC-0973; XL518), AST03026 (pimasgertib}, Cl-

15 1040, PDO35901, RG7304, AZD6244, GSK1 120212, GDC-0973, X1-518, ARRY-162,
ARRY-300, PD184161, RO4927350, CIP-1374, TAK-733, CH4987633, and/or RDEAL 19,

or any combination thereof. In certain embodiments, the modulator of KRAS signaling may
comprise, for example, RG7304, a small molecule MEK inhibitor with a structure based on a

coumarin skeleton. It sslectively inhibited RAF1 (C-RAF), B-RAF, mutant B-RAF (V600E),
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and MEK in in vitro studies and showed a strong and broad spectrum of antitumor activilies

both in vitro in various tumor cell lines and 7 vivo in mousse xenograft models.

In certain embodiments, a modulator of KRAS signaling may comprise, for example, a
non~ATP-competitive small- molecule MEK inhibitor {e.g. PD 098059, U126, PD 1843352
and its derivatives} or a biological inhibitor (g.g. anthrax lethal toxin and Yersinia outer protein
D). In certain embodiments, a modulator of KRAS signaling may comprise, for example, a
pyrrole derivative of MEK kinase. In cerfain embodiments, a moduelator of KRAS signaling
may comprise, for example, a 4-anilino-3-cyano-6,7-dialkoxyquinoline, including 4-anilino-3-
cyano-6, 7-dialkoxyquinolines (e.g., see WO2013059320, the content of which is hereby

incorporated by reference in its entirety for any purpose).

In certain embodiments, a modulator of KRAS signaling may comprise, for example, a
small molecule ERK inhibitor. Hxemplary ERK inhibitors include, but are not limited to,
SCH772984 which is an ATP-competitive ERK1 and ERK2 inhibitor, MK-8353/8CH900353,
a clinical grade analogue of SCH772984, which is currently being tested in Phase [ clinical
trials, BVID-523 (Biomed Valley Discoveries) and RG7842 (GDC08%4; Genentech/Roche)
which is a selective inhibitor of ERK1/2. Phase I clinical irials evaluating RG7842 as a single
agent or in combination with cobimetinib in solid tumors are ongoing. Studies conducted with
SCH772984 indicate that the small molecule can inhibit cellular proliferation and cause
apoptosis selectively in tumor cell lines that carry RAS or BRAF mutations, and also induce
significant tumor regressions in mice with BRAF- or RAS-mutant xenografts. SCH772984 also
demonstrated inhibition activity in cells that were resistant to cither BRAF or MEK inhibitors

and in cells that became resistant to the dual combination of these inhibitors.

In certain embodiments, a modulator of KRAS signaling may comprise, for example, a
small molecole inhibitor with a thieny!l benzencsulfonate scaffold that can inhibit ERK1/2
substrates containing an F-site or DEF (docking site for EREK, FXF) motif {e.g. see U.S. Patent
No. 9,115,122, the content of which is incorporated by reference herein in ifs entirety for any
purpose). In certain embodiments, a modulator of KRAS signaling may comprise, for example,
an inhibitor of ERKZ2-mediated phosphorylation of ¢-FOS, e.g. SF-3-026 and its analogues. In
certain embodiments, the modulator of KRAS signaling may comprise, for example, an
inhibitor of AP-1 promoter activity in cells with constitutively active ERKV/2, e.g. SF-3-030

and its analogues.
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Exemplary small moleculs inhibitors of ERK1/2-regulated proteins include, but are not

inmited to the compounds depicted in TABLE 6.

TABLE G
P
{SE.3.028)
8F-3-0303
(GF3.41M RN
5 In certain embodiments, a modulator of KRAS signaling may comprise, for example,

an antigen-binding protein or fragment thereof (e.g. a recombinant antigen-binding protein)
that targets RAS protein, In certain embodiments, the RAS protein is chosen from an oncogenic
KRAS (e.g., see U5, Palent Nos. 4,820,631, 5,084,380, 4,898,932, 5,081,230, 3,112,737,
5,028,527, the contents of which are hereby incorporated by reference in their entireties for any
10 purpose), RAF protein (e g., see WOZ014047973, the content of which is hereby incorporated

by reference in its entirety for any purposs), MEX protein, ERK protein and/or FRA-1 protein.

In ceriain embodiments, a modulator of KRAS signaling may comprise, for example, a
peptide that binds to and inhibits the activity of RAS protein. In certain embodiments, the RAS
protein is chosen from RAF protein, MEK protein, ERK protein and/or FRA-1 protein. In

15 certain embodiments, the peptide can be, for example, a chimeric peptide comprising a cell
penetrating peptide, e.g. pro-apoptotic RAS and/or RAF peptides (see e.g. WO20150601045,
the content of which is hereby incorporated by reference in its entirety for any purpose).

The present disclosure further provides compositions comprising a modulator of KRAS
signaling. In certain embodiments, the composition is for the treatmend of a KR AS-associated

20 disorder or disease, e.g. cancer. In certain ombodiments, the composition comprises a

therapeutic agent.

In certain embodiments, the therapsutic agent can be, for example, a cheraotherapsutic

agent, a targeted agent, or an immunotherapeutic agent.
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In certzin embodiments, a modulator of KRAS signaling may be combined, for

example, with an immunotherapoutic agent, ¢.g., any agent that can induce, enhance, or

~

SUPPress an dnmune response in a subject,

In certam embodiments, an immunotherapeutic agent comprises an antibody or a
recombinant antigen-binding protein or fragment thercof In certain embodiments, a
recombinant antigen-binding protein, or fragment thersof, can be, for example, monospesific,
bispecific or multi-specific and monovalent or bivalent recombinant antigen-binding protein.
In certain embodiments, an anligen-binding protein, or fragment thereof, can be an asymmetric
bispecific antibody, an asyvnunetric bispecific 1gG4, a CrossMab binding protein, a DAF {dual
action Fab antibody, two-in-oneg), 3 DAF (dual action Fab antibody; four-in-one), a DutaMab,
a DT-Ig(5, a knobs-in-holes binding protein, a Charge pair binding protein, a Fab-arm exchange
binding protein, a SEEDbody, a Triomab (Triomab quadroma bispectfic or removab
bispecific), a LUZ-Y, a Feab, a ¥i-body, an iMab (innovative multimer), an Orthogonal Fab,
a DVD-Ig binding protein, an IgG(H-sclv, an seFv-(H}gG, an IgG(L)-scFy, an scFv-{LM}gG,
an IgG(L, H}-Fv, an IgGH)-V, a VE)eG, an IgG(LY-V, a V(L)-1gG, a KIH IgG-scFab, a
2eckvelg(G, an IgG-2scFv, an scPvd-lg, a Jybody, a DVLIgG (four-ineone), a nanobody {or
VHH), a bispecific tandem nanobody, a bigpecific trivalent tandem nanobody, a nancbody-
HSA, a BiTE (bispecific T-cell-engager) binding protein, a Diagbody, 2 DART (dual affinity
retargeting} binding protein, a TandAb ({etravalent bispecific tandem antibody), an scDiabody,
an scDiabody-CH3, a Diabody-CH3, a Triple Body, a Mintantibody, a Minibody, a TaBi
minibody, an scFv-CH3 KIH, a Fab-scFv, an scFv-CH-Cl-gcFv, a F(ab2, a F(ab"2 «cFv2, an
scFv-KIH, a Fab-scFv-Fe, a Tetravalemt HCAb, an scPHabody-Fe, a Diabody-Fe, a Tandom
scFv-Fe, a Fabac, a bsFe-1/2, a CODV-Ig (cross-over dual varable immunoglobuling, a
biclonics antibody, an Intrabody, a Dock and Lock binding protein, anTomTAC, an HS Abody,
an scDiabody-HS A, a Tandem scFv-Toxin, an [gG-TgG binding protein, a Cov-X-Body, and/or
an schFvl-PEG-schvi. L

In certain embodiments, an immumotherapeutic agent specifically binds to a specific
cyloking, cytokine receptor, co-stimulaiory mwlecule, co-inhibitory molscule, or
mmunomoedulatory receptor that modulates the imomune system. In certain embodiments, an
imrounotherapeutic agent specifically binds to a component of a regulatory T cell, myeloid

suppressor cell, or dendritic cell.

(¥4
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In certzin embodiments, an immunotherapeutic sgent can be a cytuking, for example,
an interferon (IFN), interlevkin, or the like. Specifically, an immunotherapeutic agent can be
interferon (IFNo or IFNB), type 2 (IFNy), or type I (IFNL). An inwnunotherapeutic agent can
also be interleukin-1 (IL-1), interleukin- to (IL-1a), interlevkin- 15 (IL-1P), intedeukin-2 (IL-
2), interleukin-3 (I1-3), interleukin-4 (IL-4), interloukin-6 (IL-6), interleukin-8 (IL-8),
interleukin-10 (dL-10), interdevkin-11 (IL-11), interdoukin-12 (IL-12), interlevkin-13 (IL-13},
or interleukin- 18 (IL-18), or the like.

In certain embodiments, a modulator of KRAS signaling described hercin may be
combined, for example, with an ivwnunotherapeoutic agent. In certain embodiments, the
jmmunotherapeutic agent targets and/or binds a cancer or fumor cell marker or component.
Excmplary cancer or tumor cell markers or components include , but are not limited to, are not
limited to, epidermal growth factor recepter (EGFR; EGFRL EibB-1; HERI) FebB-2
(HERZ/neu);, ErbB-3/HER3; ErbB-4/HER4; EGFR ligand famuly, insulin-like growth factor
receptor (IGFR) family; IGF-binding proteins (IGFEPs); 1GFR lgand family (IGF-IR}
platelet derived growth factor receptor (PDGFR) family, PDGER ligand family; fibroblast
growth factor receptor (FGFR) family; FGFR ligand family; vascular endothelial growth factor
receptor (VEGER) family;, VEGT family; HOT receptor family, TRX receptor family; ephrin
(EPH) receptor family, AXL receptor family; leukocyts tyrosine kinase (LTK) receptor farnily;
TIE receptor family; angiopoietin 1; 2; receptor tyrosine kinase-like orphan receptor (ROR)
receptor family; discoidin domain receptor (DDR) family; RET receptor family; KLG receptor
family; RYK receptor family; MaSK receptor family, Transforming growth factor alpha (TGF-
a), TGF-a receptor; Transforming growth factor-beta (TGF-f);, TGP-f receptor; Interteukin B
receptor alphaZ chain (IL13Ralpha2); Interlenkin-6 (IL-6); 1L~ 6 receptor; interleukin-4; TL~4
receptor; Cymki:m receptors, Class I (hematopoietin family) and Class It {interferon/l L~ 10
family) receptors, tumor necrosis factor (TNF) family, TNF-a, tumor necrosis factor (TNF)
receptor superfamily (TNTRSF}; death receptor family, TRAIL- receplor; cancer-testis (CT)
antigens; lincage-specific antigens, differentiation antigens; alpha-actinin-4; ARTCL;
breakpoint cluster region-Abelson (Ber-Abl) fusion products; B- RAF; caspase-5 (CASP-3),
caspass-§ (CASP-8); bsta-catenin (CTNNB1), cell division cyole 27 (CDC27), cychin-
dependent kinase 4 (CD¥4); CDK 24; COA-1; dek-can fusion protein; BFTUD-Z; Elongation
factor 2 (ELF?); Bte variant gene 6/acute myeloid leakemia 1 gene ETS (ETC6-AML 1) fusion
protoin; fibronectin (FN); GPNMB; low density lipid receptor/GDP-L fiwose: beta-D-
Galactose 2-alpha-Lfucosyliracsferase (LDLR/FUT) fusion protein; HLA-AZ, MLA-ALL ;

¥
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heat shook protein 70-2 mulated (HSPT70-2My KIAA0203; MART2; melanoma ubiquitous
sustated 15 2) 3 (MUM-1: 2; 3%, prostatic acid phosphatase (PAP}Y; neo-PAP; Myosin class 1
NEYC: OGT; 08-9; pmi-RAR alpha fusion protein; PRDX3; PTPRE, K-RAS (KRASZ), N-
RAS (NRAS); HRAS, RBAF600, SIRTIZ, SNRPDI; SYT-S5XI or -35X2 fusion protein;
triosephosphate isomerase; BAGE;, BAGE-1; BAGE-Z; 3; 4 5; GAGE-1: 23, 4. 5,6, T §;
GnT-V (aburranl Neacetyl glucosaminyl transferase V; MGATS), HERV-K MEL; KX-1L.C;
KM-FN-1: LAGE; LAGE-1; CTL-recognized aniigen on melanoma ( C.,'M\/iEL); MAGH-AL
(MAGE-1, MAGE-AZ, MAGE- A3; MAGE-A4; MAGE- AS; MAGH-A6;, MAGE-AZ;
MAGE-AS; MAGE-AL0;, MAGHE-ALL, MAGE-A1Z, MAGE-3; MAGE-Bl; MAGE-BZ;
MAGE-BS: MAGE-B6; MAGE-C1, MAGE-C2; mucin 1 (MUC1); MART-I/Melan-A
(MLANAY, gpl00; gpl00/Pmel 17, tyrosinase (TYR), TRP-1;, HAGE;, NA-8& NY ~ESO-1;
NY-ESO-VLAGE-2: SAGE; Spl7; 8SX-1; 2 3; 4; TRP2-INT2; carcinoembryonic antigen
(CEA); Kallikrein 4, mammaglobin-A; QAL prostate specific antigen (PSA); prostate speeific
membrane antigen; TRP-1/; TRP-2 adipophilin; interferon inducible protein absent tn
melanoma 2 {AIM-2); BING-4; CPSF; cyclin Di; epithelial cell adhesion molecule (Ep-CAMY,
EpbA3; fibroblast growth factor-5 (FGF-5); glycoprotein 230 (gp250 intestinal carboxyl
esterase (iCE); alpha-fetoprotein { AFP), M~CSF; mdm-2; MUCE p33 (TP33}; PBIY PRAME,
PSMA: RAGE-1; RINF43; RU2AS; SOX10; STEAPL survivin (BIRCS); human telomerass
TEVErss i:ranscripta'se (hTERT); telomerase; Wilros' tumor gene {(WTl1} SYCP,!_; BRDT;
SPANY; XAGE; ADAM?2; PAGE-5, LIPl, CTAGE-1; CSAGE; MMAT CAGE; BORIS;
HOM-TES-85; AF15gl4, HCASGL, LDHC; MORC; 8GY-1; SPO1L TPX1; NY-SAR-35;
FTHLI7, NXF2Z TDRI:I; TEX 1IS; FATE; TPTE; immunoglobulin idiotypes; Bence-Jones
protein; estrogen receptors (ER}; androgen receptors {ARY, CD40; CD3G; CD20;, CD15; CD33;
CD4; U125, CD3; cancer antigen 72-4 (CA 72-4), cancer antigen 13-3 (CA 15-3}, cancer
antigen 27-29 (CA 27-28); cancer antigen 123 (CA 123); cancer antigen 19-9 (CA 19-9); beta-
hurnan chorionic sonadotropin; 1-2 microglobuling squamous cell carcinoma antigen; nouron-
specific enolase; heat shock protein gp96; GM2; sargramostim; CTLA~4; 707 alanine proline
(707-AP), adenccarcinoma antigen recognized by T cells 4 {ART-4); carcinoembsryonic
antigen peptide-1 {CAP-1); calcium~ activated chloride channel-2 (CLCAZY, cyclophilin B

(Cyp-B); and/or human signet ring tomor-2 (HST-2).

In certain embodiments, a modulator of KRAS signaling described hercin may be
combined, for example, with one or more immunotherapeutic antibodies, each independently

chosen from trastuzumalb (anti- HERZ/neu antibody); perturumab (anti-HERZ mAbj),
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cetuximab (chimeric monoclonal antibody te epidermal growih faclor receptor EGFR);
panitumumab (anti-BEGFR antibody), nimotuzumab (anti-EGFR antibody); zalutumuomab (anti-
EGFR mAb); necitumumab (anti- EGFR mAb), MDX-210 (humanized anti-HER-2 bispecific
antibody), MDX-210 (humanized anti-HER-2 bispecific antibody), MDX-447 (humanized
anti-EGF receptor bispecific antibody); rituximab (chimeric murine/human anti-CD20 mAb),;
obinutuzumab (anti-CD20 mAb), ofstumumab (anti-CD20 mAb); tosilumumab-1131 (ani-
CD20 mAb); ibritumomab tiuxetan (anti-CD20 mAb), bevacizumab (anti-VEGF mAb);
ramucirumab (anti-VEGFR2 mAb), ranibizomab (anti-VEGEF mAb); aflibercept (extracellular
domains of VEGFR1 and VEGYR2 fused to [gGl Fe), AMG386 (angiopoietin-1 and -2 binding
peptide fused to IgGl Fe); dalotuzumab (anti-IGF-IR mAb); gemturomab ozogamicin (anti-
CD33 mAb), alemtuzumab (anti-Campath-CD52 mAb);, brentuximab vedotin (anti-CD30
mAbY: catumaxomab (bispecific mAb that targets epithelial cell adhesion molecule and CD3},
naplumomab (anii-3T4 mAbY, girentuximab (anti-Carbonic anhydrase ix); farletuzumab (anti-
folate receptor), Panorex™ (17-1A) (murine monoclonal antibody), Panorex (@(17-1A))
{chimeric murine monoclonal antibodyy, BEC2 (ami-idiotypic mAb, mimics the GD epitope)
{with BCG}, oncolym {Lym-1 monoclonal antibody); SMART M195 Ab, humanized 13' 1
LYM-1 (Oncolym); Ovarex (B43.13, anti-idiotypic mouse mAb), 3622W94 mAb that binds to
EGP40 (17-1A) pancarcinoma antigen on adenocarcinemas; Zenapax (SMART Anti-Tac (IL-
2 receptor), SMART Ml 95 Ab, humanized Ab, humanized), NovoMAb-G2 {pancarcinoma
specific Ab), TNT (chimeric mAb to histone antigens), TNT (chiméric mAb to histone
antigens), Gliomab-H (Monoclonale— Huomanized Abs), GNI-250 Mab;, EMD-72000
{chimeric-EGF antagonist), LymphoCide (humanized IL.L.2 antibody), or MDX-260
(bispecifie, targets GD-2, ANA Ab, SMART IDIO Ab, SMART ABL 364 Ab), and/or
ImmuRAIT-CEA.

In certain embodiments, an immunoctherapeutic agent can be a cell, for exarople, an
immane cell. For example, an immune cell, particularly one that is specific o 4 lumor, can be
activated, cultared, and administered to a paticnt. The immune cell can be a natoral killer ccll
lymphokine-activaied killer cell, cytotoxic T-cell, dendritic cell, or a tumor infiltrating
lymphocyte (TIL). As used herein, tumor infiltrating Iymphocytes (or T ILs);"eft:rs to white
blood cells ((i.e., T cells, B cells, NK cells, macrophages) that have left the bloodstream and
migrated into 2 tumor. An analysis of patients with metastatic gastrointestinal cancers suggest

CD4" and CD8" T cells within the TIL population are able to recognize neo-epitopes derived
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from somatic mulations expressed by the patient's tumor. In certain embodiments, an

immunotherapeutic agent can be, for example, sipuleucel-T (Provenge).

In certain embodiments, a modulator of KRAS signaling as disclosed herein may be

combined with an inhibitor of an immune checkpoint,

Immune checkpoint proteins can regulate and maintain self+tolerance and the duration

and amplitude of physiclogical immune responses including cytotoxic T cell activity.

Non-limiting examples of immune checkpoint proteins include cytotoxic T-
lymphocyte-associated antigen (CTLA, for example, CTLA4) and its igands CD 80 and CD36;
programmed cell death protzin (PD, for example, PD-1) and its ligands PD-L1 and PDL2;
indoleamine-pyrrole 2,3-dioxygenase-1 (IDO1); T cell membrane protein (TIM, for example,
TIM3); adenosine AZa receptor (A2aR}); lymphocyte activation gene (LAG, for example,

LAG3 Y, killer immunoglobulin receptor (KIR); or the like.

As used herein, the term “immune checkpoint inhibitor™ refers (o a molecule that can
completely or partially reduce, inhibit, interfere with, or modulate one or more iramune
checkpoint proteing that regulate T-cell activation or funciion. For example, the term “immune
checkpoint inhibitor” can refer to a molecule that can interfere or/and prevent the interaction
of PD-1 with its ligand, esther PD-L1 or PD-LZ.

In certain.embodiments, the immune checkpoint inhibitor can target CTLA4. In certain
embodiments, the immune checkpoint inhibitor can target PD-1. In certain embodiments, the
imnwmne checkpoint inhibitor can target PD-L1. In certain embodiments, the immune
checkpoint inhibitor can farget PD—I;Z. In certain embodiments, the immune checkpoint
inhibitor can target LAG3. In certain embodiments, the immune checkpoint inhibitor can t;irget
B7-H3. In certain embodiments, the immune checkpoint inlubitor can target B7-H4. In certain

embodiments, the immune checkpoint inhibitor can target TIM3.
In certain smbodiments, the immune checkpoint inhibitor can be a small molecule.

In certain embodiments, the immune checkpoint inhibitor can be & small molecule that
compeles with an antibody or other anligen-binding protein, or fragment thereol, for binding

to an immune checkpoint molecule,

In certain embodiments, the immune checkpoint inhibitor can be a small molecule that
competes with an anti-PD-1 antibody, e.g., nivolamab, .pembroiizumab? pidilizumab, BMS

936559, or atczolizumab as disclosed herein, for binding to PD-1.
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In certain embodiments, the immuns checkpoint inhibitor can be a small molecule that
competes with an anti-PD-L1 antibody, e.g.. atezclizamab, avelumab, or durvalomab as

disclosed herein, for binding to PD-L1.

In certain embodiments, the inunune checkpoint inhibitor can be a small molecule that
competes with an anti-PD-L2 antibody, e.g., tHIgM12B7 or Dana-Farber patent anti-PD-L2 as

disclosed herein, for binding to PIJ-L2.

In certain embodiments, the immune checkpoint inhibitor can be a small melecule that
competes with an anti-CTL4 antibody, e.g., ipibimumab, tremelimumab or AGENI884 as

disclosed herein, for binding to CT1L4,

In certain embodiments, the immune checkpoint inhibitor can be a small molecnle that
competes with an anti-VISTA antibody, c.g., the Janssen patent anti-VIST A antibody, Igenica
patent anti-Cl8orf54 antibody or the Amplimmune patent anti-B7-HS antibody as disclosed
herein, for binding fo the immune checkpoint protein, VISTA.

In certain embodiments, the immune checkpoint inhibitor can be 2 small melecule that
rescues the inhibition of cell proliferation by recombinant PD-L1 in a mouse splenocyie assay
by about 10% to about 95% (the mouse splenocyte assay is described in detail in, for example,
WO2016142833),

In certain embodiments, the immune checkpoint inhibitor can be, for example, 2 12,4~
oxadiazole and thiadiazole compound, or a sterecisomer thereof, or a pharmaceutically
accoptable salt thereof. In certain embodiments, the immune checkpoint inhibitor can suppress
or inhibit the programmed cell death 1 (PD-1) signaling pathway in T cells.

In certain embodiments, the immune checkpoint inhibitor can be, for example, a

compound of formula (I}

3
§
N
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or a pharmaceutically acceptable salt or a stercoisomer thereof, wherein,

- ~ = ~ = ig an optional double bond,



10

15

WO 2018/098352 PCT/US2017/063116

XuQor S,

R: and Rz independently are a side chain of an amine acid or hydrogen, (C1-Celalkyl,
{Ca-Csalkenyl, (Ca-Celalkynyt or cycloalkyl, wherein (Ci-Celatkyl, (Cr-Cealkenyl, (Co-
Cstalkynyl and cycloalkyl are optionally substituted by one or more substituents selocted from
amino, alkvlamino, acylamino, carboxylic acid, catboxylate, carboxylic acid ester
thiocarboxylate, thicacid, -CONR7Rs, hydroxy, cycloalkyl, (eycloalkyDalkyl, aryl, arylalkyl,
heterooyelyl, (heterocyelylalkyl, heteroaryl, (hetercaryllalkyl, guanidine, -3H and -Salkyly

“optionally wherein cycloallcyl, aryl, heterocyclyl and heteroaryl are further substituted by one

or morc substituents such as hydroxy, alkoxy, halo, amino, nitro, cyane or alky! and optionalty
wherein two or three carbon atoms of the (Cr1-Celalkyl, (Ca-Ce)alkenyl or {C2-Calalkcynyl form

part of a 3-T-membered carbocyelic or heterocyelic ring (such as a cyclobutyl or oxirane ring);

Rs is hydrogen, -CO-{Asallm, [Asallw, [Aaallw-CO-[Aaallm, -S(0)p-[Asallm, -
CONR7Rs, ~CORe, ~802R. (CGi-Ceoalkyl, (Ca-Csialkenyl or (Co-Celalkynyl, wherein (Ci-
Cojallyl, (Ca-Colalkeny! and (Co-Celalkynyl are optiomally substituted by ome or more
substituents selected from amino, alkylamino, acylamino, ~COO~$H{31L carboxylic acid,
carboxylate, thiocarboxvlate, thicacid, ~CONRsRs, hydroxy, aryl, arylalkyl, cyclealkyl,
heterocyelyl, heteroaryl, (cycloalkylalioyl, (heterocyelyDalkyl, (heteroaryhalkyl, guanidino, -
SH and -8(alkyl}; optionally wherein cycloalkyl, aryl, heterocyclyl and heteroaryl are further
substituted by one or more substituents such as hydroxy, alkoxy, hale, amine, nitro, cyane or
alkyl, optionally wherein two or three carbon atorag of the (Ci-Cejalkyl, (Co-Cojaltkenyl or .(Cz-
Cedalkynyl form part of a 3-7-membered carbocyclic or heterocyclis ring {such as a cyclobutyl
or oXirane ring);

R¢ and Rs independently are hydrogen or absent;

Rs is hydrogen, alkyl, alkenyl, allcynyl, aralkyl, aryl, heteroaralkcyl, heteoroaryl,
eyeloalkyl, (cycloaliylatkyl, amino, aminoalkyl, hydroxyalkyl, alkoxyalkyl, acyl, [Aaalk, -
CO-{ Aaa2ls, [A2a2]a-CO-{ Analn or -S{0)-[Aaa2ls;

R7 and Rs independently are hydrogen, (Ci-Csalkyl, (Co-Cslalkenyl, (Co-Colalkynyl,
aryl or heterocyelyl, wherein {Ci-Cslalkyl, (Ci-Cesjalkenyl, (Ca-Celalloynyl, aryl and
heterocyelyl are optionally substituted by one or more substituents selected from halogen,
hydroxyl, amino, nitro, cyano, cycleallyl, heterveyelyl, heteroaryl, aryl, guaniding,

{eycloalkylatkyl, (heterocyelyllalkyl and (heteroaryDalkyl, optionally wherein two or three

v
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carbon sloms of the (Ci-Cslalkyl, {Ci-Cshalkenyl or {C2-Ce)alkynyl form parl of a 3-7-

membered carbocyclic or heterocyelic ring {such as a cyclobutyl or oxirane ring);

alternatively R7 and Rs together with the nitrogen to which they are attached form an
opticnally substitated 3-7-membered ring containing 0-2 additional hetercatoms independently
selected from N, O and $ in any stable combination, wherein the optional substituent at gach
occurrence is selected from hydroxyl, -COOH, -COQ-alkyl, amide, halo, amino, nitro and

cyano,

{Aaal] and [Aaa2], independently for each occurrence, represents an amino acid
residue;, wherein a C-terminal carboxyl group of amino acid residue is a free C-terminal
carboxyl group (-COO) or a modified C-terminal carboxyl group and an N-terminal amino

group of amino acid residue is a fres N-terminus (-NH2) or a medified N-terminal amino group;

Ra is hydrogen or alkyl, alkenyl, alkynyl, acyl, aralkyl, aryl, hetercaralkyl, heteroaryl,

eycloalkyl, (cycloalkylyalkyl, aminoalkyl, hydroxyalkyl or alkoxyalkyl;

Rb i hydrogen, alkyl, alkenyl, alkynyl, acyl, aralkyl, aryl, heteroaralkyl, heteroaryl,
cyeloalkyl, (cycloalkyljalkyl, aminoalkyl, hydroxyalkyl or alkoxyalkyl; or Ro and Rz, together
with the atoms to which they are attached, may form pyrrolidine or piperidine optionally
substituted with one or more groups independently selected from hydroxy, halo, amino, cyano
and alkyl;

Reis (Ci-Co)alkyl, cycloalkyl, aryl, heterocycleyl or heteroaryl; wherein the said (Ci-
Cedatleyl, cyeloalkyl, aryl, heteroeyeloyl or heteroaryl is optionally substituted by one or more
substitusnts selected from carboxylic acid, hydroxy, alkyl, alkoxy, amino, alkylamino,
scylamine, carboxylic ester, cycloalkyl, heteroevelyl, heteroaryl, (cycloalkyljalkyl,

(heterocyelyDalkyl or (heteroaryDalkyl;
m and n independently are integers selected from 1 to 3;
p is an integer selected from 1 to 2;

with a proviso that Ru is not a side chain of Ser or Thr, when Rz is a side chain of Asp,
Asn, Glu or Gin, R3 is hydrogen, -CO-Ser or -CO-The, Re is hydrogen, alkyl or acyl and Ra and
Ry arg hydrogen,

Compositions and methods of using and making the compounds of Formula (I} are
disclosed in WO2016142833 (e.g. Compound Nos. 1-124 of WO2016142833), the content of

which is hereby incorporated by reference hersin in ils entirety.
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In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the

present disclosure provides a method for enhancing an immune response against a tumor

L

comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of a compound of Fornmula (I).
In certain embodiments, the method is effective at sensitizing tumor cells to a compound of
Formula (I). In certain embodiments, the method changes (c.g., enhances) the efficacy of a
compound of Tormula (D). In certain embodiments, the tumor cells are resistant to treatment

10 with a compound of Formula (I} alone.

In certain embodiments, the compound of Formula (I) can be, for example, Compound

No. 7 of WQO2016142833, having the structure of:

S

S
.
SIS

In certain embodiments, the compound of Fornla () can be, for example, Compound

15 Wo. 14 of WO2016142833, having the structure of:

In certain embodiments, the compound of Formula (I) can be, for example, Componnd

No. 60 of WO2016142833, having the structurs of:
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- In certain embodiments, the compound of Formula (I) can be, for example, Compound

No. 75 of WO2016142833, having the structurs of:

In certain embodiments, the immune checkpoint inhibitor can be, for example, a 3-
5  substitited 1,3,4-oxadiazole and thiadiazole compound, or a sterzoisomer thereof, or a

pharmaceutically acceptabls salt thersof.

In certain embodiments, the immune checkpoint inhibitor can be, for example, a

compound of formula (1)

(1)
10 ' or a pharmaceutically acceptable salt thercof or a stereoisomer thereof]

whersin,

XisQor s,

gach dotted Ling {-~ - ~ - ] independently represents an optional bond;

R is hydrogen or ~CO-Aaa;

15 Aaa represents an amino acid residue;

Rz is side chain of an amino acid, hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyelyl, heterocyelylalkyl, heteroaralkyl, avallyl, heteroaryl or aryl, cach optionally
substituted by one or more substituents selected from carboxylate, carboxylic acid, carboxylic
acid ester, thiocarboxylate, thio acid, amido, amino, heterocyelyl, hydroxyl, eycloatkyl, aryl,

20 aryl-COOH, heteroaryl, guanidino, amiding, -NH, -N(alkyh, -SH and -S{alkyl), optionally
wherein two or three carbon atoms of the alkyl, alkeny! or alkynyl form part of a 3-7-membered
carboeyelic or heterocyelic ring which is optionally substituted with 1 to 4 substituents, zach

independently selected from alkyl, alkoxy, carboxylic acid, carboxylate and hydroxyl
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Rz is aryl, heteroaryl, beterocyelyl or cycloalkyl, wherein the said aryl, heteroaryl,

heterocyelyl or cycloalkyl is optionally substituted by 1 to 4 ocourrences of Ry

'Ra, mndependently for each pecuITence, is alkvl, alkoxy, halo, hydroxyl, amino, -
C{O)OH, aralkyl, aryl, abcoxy, heteroaralkyl, heteroaryl, cycloalkyl, {cyveloalkyljalkyl
hydeoxyalkyl, alkoxyalkyl or acyly or any two Ra groups attached to the same carbon atom

together represent an oxo (=0) or thioxe (=8);
sach of R4 and Rs independently i hydrogen or absent; and
Rs is hydrogen or alkyl.

Compositions and methods of using and making the compounds of Formula (I are
disclosed in WO2016142894 (see, for example, Compound Nos, 1- 30 of WO20161428%4)
and WO2016142886 (ses, for example, Compound Noa, 1-62 of WO2016142886), the contents

of which are hereby incorporated by reference herein in thetr entiveties for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
tmmune response against a tumor comprising administering an effective amount of 3 medulator
of KRAS signaling, ¢z, a KRAS aiRNA, as defined hercin. In certain cmbodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effsctive amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of a compound of Formula (1),
In certain embodiments, the method is effective at sensitizing tumor cells to 2 compound of
Formula (11). In certain embodiments, the method changes {c.g., enhances) the efficacy of a
compound of Formula (1), In cortain embodiments, the tumor cells are resistant to irealment

with a compound of Fornwla () alons.

In certain embodiments, the compound of Formula (1) can be, for example, Compound

No. 11 of WO2016142894, having the structurs of:
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In certain embodiments, the compound of Formula (II) can be, for example, Compound

No. 13 of WO2016142894, having the structure of:

In certain embodiments, the compound of Formula (II) can be, for example, Compound

S5 No. 32 of WO2016142886, having the structurc of:

In certain embodiments, the compound of Formula (II) can be, for example, Compound

No. 43 of WO2016142886, having the structure of:

10 In certain cmbodiments, the imwmune checkpoint inhibitor can be, for cxample, a 1,3.4-
oxadiazole and thiadiazole compound or a sterecisomer thereof or a pharmaceutically
acceptable salt thersof that can suppress or inhibit the programmed cell death 1 (PD- 1)
signaling pathway.

In certain embodiments, the immune checkpoint inhibitor can be, for example, a

15 compound of formula (JH):

. ;r;,,,,,,,.,;,v;
%,
Sy

s

(1)
or a pharmaceutically acceptable salt thereof or a sterecisomer thereof, wherein, sach

dotted line {- - - - ] independently represents an optional bond;
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XisOor S,

Ry and Rz independently are a side chain of an amino acid or hydrogen, (C1-Cejatkyl,
(Cz-Celalkenyl, {Ca-Cs)alkynyl, heterocycloalkyl or cycloatkyl, wherein (Ci-Cslalkyl, (Co-
Cejalkenyl, (Ca-Cs)atkynyl, heterocycloalkyl and cyeloalkyl are optionally substituted by one
or more substituents selected from amino, alkylamino, scylarino, carboxylic acid, carboxylate,
carboxylic acid ester, thiocarboxylate, thioacid, -CONR7Rs, hydroxy, cycloalkyl,
(cycloatkyhalkyl, aryl, heterocyelyl, (heterocyclylalkyl betercaryl, (hetercaryllalkyl
guanidino, -SH and -S(alkyl); optionally wherein cycloalkyl, aryl, heterocycly! and heteroaryl
are further substituted by one or more substituents such as hydroxy, alkoxy, halo, amino, nitre,
eyano or alkyl and optionally wherein two or three carbon atoms of the {Ci-Celalkyl, (Co-
Ceyalkenyl or (Co-Cealkynyl form part of 3 3-T-membered carboeyclic or heterocyclic ring

{(such as a cyclobutyl or oxirane ring);

Rs it hydrogen, -CO-{Aaallm, [Aaalm [A2all}w-CO-[Azallm, -S(O)p-[Asa 1jm, -
CONRRs, -CORe, -8uR., (Ci-Celalkyl, (Cz-Cs)al-kcnyi or (C2-Colalkynyl, whersin {(Ci-
Coalkyl, (Co-Cojalicenyl and (Co-Colalkynyl are optionally substituted by one or more
substituents selected from amino, alkylamine, acylaming, ~COO-alkyl, carboxylic acid,
carbaxylate, thiocarboxylate, thicacid, - CONRsRs, hydrony, aryl, arylalkyl, cyclealkoyl,
heterocvelyl, heteroaryl, (eycloalkyllatkyl, (heterocyclyDalkyl, (hetercaryljalkyl, guanidino, -
SH and -S(alkyl); optionally wherein cycloalkyl, aryl, heterocyelyl and hetercaryl are further
substituted by one or more substituents such as hydroxy, alkeoxy, halo, amino, nitro, eyano or
alkyl, optionally wherein two or three carbon atoms of the (C; ~Cshatkyl, {Ca-Colalkenyl or {(Ca-
Codalkoynyl form part of 2 3-T-membered carbocychic or heterocyclic ring (such as a eyelobutyl

or uxiranc ring);
R4 and Rs independently are hydrogon or absent;

Rs is hydrogen, alkyl, alkenyl, alkynvl, aralkyl, aryl - hetercaralkyl, heteroaryl,
cyeloalieyl, (cycloalkyhalkyl, amino, aminoalkyl, hydroxyalkyl, alkoxyalkyl, acyl, [AaalZls, -
CO-[Aaall, [Aaall-CO-{Aaalln or -3(O)-{ Agalln;

Ry and Re independently are hydrogen, (Ci-Celalkyl, (Ca-Cojalkenyl, ((a-Cslalkynyl,
aryl, eyeloalioyl or heterocyelyh whersin (Ci-Cejalkyl, (C2-Colalkenyl and (Co-Cojalkynyl, aryl
and heteroeyclyl are optionally substituted by one or more substituents selected from halogen,
hydroxyl, amino, sitro, cvano, cycloalkyl, heterooyclyl, heteroaryl, aryl, guanidino,

(eyeloalkyliatkyl, (heterocyclylallcyl and (heteroaryDalkyl optionally wherein two or three
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carbon aloms of the (Ci-Cslalkyl, (Co-Cqlalkenyl vr (Co-Copalkynyl form part of a 3-7-
membered carbooyclic or heteroeyclic ring (such as a cyclobutyl or oxirane ring),

alternatively, R7 and Rs together with the nitrogen to which they are attached form an
optionally substituted 3-7-membered ring containing 0-2 additional heteroatoms independently
selected from N, O and S in any stable combination; wherein the optional substituent at each
oecurrence is selected from hydroxyl, -COOH, -COC-alkyl, amide, halo, amine, nitro and
cyano,

[Aaall and [Aaa2], independently for each ocourrence, represenis an amino acid
residue; wherein a C-terminal carboxyl group of amino acid residue is a free C-terminal
carboxyl group (-COOL) or a modified C-terminal carboxyl group and an N-terminal amino

group of amine acid residue is a free N-ferminus (-NEHR) or a modified Neterminal amino group,;

Rais hydrogen or alkyl, allenyl, alkynvl, acyl, aralkyl, aryl, hetercaralkyl, heteroaryl,
cycloalkyl, (cycloalicybalkyl, amdnoalkyl, hydroxvalicyl or alkoxyalkyl; or Ra and Ro, together
with the atoms to which they are atfached, form heterocyeloalkyl ring optionally substituted
with one or more groups mdependently selected from hydroxyl, hale, aminoe, cyano and alkyl;

Ry is hydrogen or alleyl, alkenyl, atkynyl, acyl, aralkyl, aryl, hetervaralkyl, heteroaryl,
cycloalkyl, {cycloalkyhalkyl, ammoaltkyl, hydroxyalioyl or allcoxyalkyl

Re 1s {Ci-Celalkyl, cycloatkyl, m“ﬁv heterooyelyl or heteroaryl;, wherein the said (Ci-
Ceyatkyl, eycloalkyl, aryl, heterocycliyl or hetsroaryl is optionally substituted by one or more
substituents selected from carboxylic acd, hydrozy, alkyl, alkoxy, amino, alkylamino,
acylamino, carboxylic ester, cycloalkyl, heterocyelyl, heteroaryl, {cycloalloylalioyl,

(heterocyelyhalkyl or (hetercaryDalkyl;

m and n independently are integers from 1 to 3; and

p is an indeger selected from 1o 2;

with a proviso that Bu iz not a side chain of Ser, The, Phe, Ala or Asn, when Rz 18 side
chain of Ser, Ala, Glu, Gin, Asn or Asp, Rs is hydrogen, -CO-3er, -CO-Thr or -CO-Asn and
R, Re and Re ave ydrogen.

Compositions and methods of using and making the compounds of Formula (I} are
disclosed in WO2016142832 (e.g. Compound Nos. 1-55 of W(O2016142852), the content of

which is hereby incorporated by reference herein in its entivety.
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In certain embodiments, the present disclosure provides a method for sh.hancing an
immune response against a tumor corprising administering an effective amount of a modulator
of KRAS signaling, e.2., a KRAS aiRNA, as defined hercin. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g.. 2 KRAS
aiRNA, as defined herein, combined with an effective amount of a compound of Formula (1),
In certain embodiments, the method is effective at sensitizing tumor cells to a compound of
Formula (IID). In certain embodiments, the method changes (e.g., enhances) the efficacy of a
compound of Formula (I}, In certain embodiments, the tumor cells are resistant to treatment

with a compound of Formula (III) alone.

In certain embodiments, the compound of Formula (TII) can be, for example, Compond

No. 1 having the structure oft

L g
o ey

L

In certain embodiments, the immune checkpoint inhibitor can be, for example, a cyclic
compound of formula (IV) or a stereoisomer thereof or a pharmaceutically acceptable salt

thereof that can suppress or inhibit the programmed cell death 1 (PD- 1) signaling pathway.

In certain embodiments, the immune checkpoint inhibitor can be, for example, a

compound of formula (IVY):

v

N T
SRS
PR

¢4
7,

3

AR
s

(1V)

or a pharmaceutically acceptable salt thereof or a stereoisomer thereof;, wherein,
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R Ry

« ; ’ L .
- SO{DHOH D (CCH-CH ) -NHe or ~C{O{CH e (TH)=(CH ), »NH-

wherein the ~C(O)- group marked with * is connected to the nitrogen beasing Rs in
Formula (IV),
Xig CHa, Q, NHor 5

Ry, R2 and Rs independently are a side chain of an amino acid, hydrogen, {Ci-Celatkyl,
(Ca-Celalkenyl or (Cz-Colalkynyl, wheretn (Ci-Celalkyl, (Ca-Codalkenyl and {Co-Cayallcynyl
are optionally substituted by one or more substituents selected from hydroxy, amino, arardo,
alkylaming, acylamine, -(CH2mCOOH, ~{CHn-COO-alkyl, cycloalkyl, heterooyelyl, aryl,
heteroaryl, guanidino, (cycloalkylialicyl, (heteroeyclyljatkyl, (heteroaryDalkyl, -SH and ~5-
{alkyl); optionally wherein cyeloalkyl, aryl, heterocyclyl and heteroary! are further substituted
optionally by one or more substituenis such as hydroxy, alkoxy, hale, amine, nitre, cyano or
alkyl; optionally wherein two or three carbon atoms of the (C1-Celalleyl, (Ca-Coalkenyl or (Co-
Csyatkynyl form part of a 3-7-membered carbocyclic or heterocyclic ring (sach as a cyclobutyl
or oxirane ring);

Ri', B2, Rs and Rs independently are hydrogen ar alkyl;

or Ry and Ry', together with the carbon atom to which they are attached, may optionally

form an optionally substituted cycloalkyl or heterncycloatkyl ring,

or R and Rs, together with the atoms to which they are attached, way optionally form
a heterooyelic ring optionally substituted with one or more groups independently selected from

amino, cvano, alkyl, halo and hydroxy,

or Rz and R2, together with the carbon atom to which they are attached, may optionally

form an optionally substituted cycloalkyl or heterocycloalkyl ring:

or Rz and Rs, together with the atoms to which they are attached, may optionally form
a heterocyelic ring optionally substituted with one or more groups independently selected from

amino, cyano, allyl, halo and hydroxy;
Ra and Ry independently are hydrogen or alkyl;
Ra and Re' are each hydrogen; or together represent an oxo (=0) group,;

Rb and R * are gach hydrogen; or together represent an oxo (=0) group;



10

15

20

WO 2018/098352 PCT/US2017/063116

R at each occurrence is independently hydrogen or alkyl

R4 is amino or -NH-C{O)-(CH2}~CHs;

m is an integer from 0 to 3;

n, independently for each occurrence, is an inieger from 2 to 20;

1, is an integer from 0-20; and

with a proviso that Rs is not a side chain of Ser, Asp, Ala, He, Phs, Trp, Lys, Glu and
Thr, when Ri is a side chain of Ala, Ser, Thr or Loy, Rz is a side chain of Asp, Asn, Glu or Gin
and Rs and Re arc hydrogen.

Compositions and methods of using and making the compounds of Formula (I) are
disclosed in WO2016142835 (e.z. Compound Mos, 1-20 of WO2016142835), the content of

which it hersby incorporated by reference herein in its entirety.

In certain embodiments, the present disclosure provides a method for enhancing an
immane response against a tomor comprising administering an effective amount of 4 modulator
of KRAS signaling, e.g., @ KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an iromune response against a tumor
comprising administering an effective amount of 3 modulator of KRAS signaling, .2.,4 KRAS
aiRNA, as defined herein, combined with an effoetive amount of a compound of Formula (IV).
Yo cerlain embodiments, the method is offective al sensitizing tumor cells to a compound of
Formula (IV). In certain embodiments, the method changes (e.g., enbances) the efficacy of a
compound of Formula (IV). In certain embodiments, the tumor cells are resistant Lo treatment

with a compound of Formula (IV} alone.

In certain embodiments, the compound of Formula (IV) can be, for example, the

compound No. 12 having the structure off
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In certain embodiments, the immane checkpoint inhibitor can be, for example, a
peptidomimetic compound that inhibits the immunosuppressive signal induced by an immune
checkpoint, e.g. PD-1, PD-L 1, PD-L2, CTL~4 and/or VISTA. Non-limiting exemplary
peptidomimetic compounds are disclosed in ULS. Patent Nos. 8,907,053, 9,044,442,
5,096,642, 9,233,940 and U.S. Patent Publication MNos, 2015/0087581; 2015/0123491;
2016/0113901 and 2016/0194295, the contants of which are hereby imcorporated by reference

hergin in their entirgtics for any purpose.

In certain embodiments, the small molecule immune checkpoint inhibitor can be, for
sxample, CA-170 (pi‘é\fiousiy AUPM 170), a first-in-class oral, small molecule antagonist that
selectively targets PI-L1, PI-L2 and V-domain Ig suppressor of T cell activation (VISTA)
imnmine checkpoints CA=170 is currenily being cvaluated in a phase I trial for the treatment of
advanced solid tumors or lymphomas (see Abstract 4861, AACR 107th Annual Meeting 2016;
April 16-20, 2016; New Orleans, LA; developed by Curis and Aurigense).

In certain embodiments, the small molecule immune checkpoint inhibitor can be, for
example, ong or more of the Bristol-Myers Squibb (BMS) compounds based on the (2-methyl-
3-biphenylyl) methanc! scaffold disclosed in WO2015034820, the content of which is hereby

incorporated by reference herein in its entirety.

In certain embodiments, he small molecule inwnune checkpoint inhibitors can be, for
example, compounds 8, 37, 202 and 242 of WO2015034820 (designated hersin as BMS-8,
BMS-37, BMS-202 and BMS-242) and having the structure of:

ST} BMG-242)
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BMS-8, BMS-37, BMS3-202 and BMS-~242 bind directly to PR-L1 and not PD-1 and
effectively dissociaie a preformed PD-1/PD-L1 complex in vifro. NMR studies indicate these
molecules block PD-V/PD-LI inleraction by inducing PD-L1 dimerization through PD-1

interacting surface.

In certain embodiments, the present disclosure provides a method for enhancing an

- UMMBNE 1esponse against a tumor comprising ad ministering an effective amount of a modulator

of KRAS signaling, e.p., a KRAS aiRNA, as defingd herein. In cortain embodiments, the
present disclosure provides a method for enbhancing an inunune response against a bamor
comprising administering an effoctive amount of a modulator of KRAS signaling, e g., a KRAS
atRNA, as defined herein, combined with an effective amount of BMS-202. In certain
embodiments, the method is offective at sensitizing tumor cells to BMS-202. In certain
embodiments, the method changes (e.g., enhances) the efficacy of BMS-202. In certain
embodiments, the tumor cells are resistant to treatment with BMS-202 alone.

In certain embodiments, the sinall molecule mmune checkpoint inhibitor can be, for
gxample, an immune checkpoint-specific peplide aptamer.

In certain embodiments, the small molecole immune checkpoint inhibitor can be, for
example, an immaone checkpoint-specific atfimer.

Affimers are peptide aptamers that are engincered into s modified human protease
nhibitor Stefin A scaffold (see, for example, U.S, Patent No. 9,447,170, the content of which
is hereby incorporated by reference herein in its entirety for any purpose).

In certain embodiments, the small molecule immune checkpoint inhibitor may comprise
an amino acid sequence having at least 80% identity to the Stefin A scaffold polypeptide
sequence of SEQ ID NO.: 987.

MIPGGLSEAKPATPRIQBEIVDKVEPOQLEEKTNETYGRKLEAVQYKTQVVAG

INYYIKVRAGDNKYMBLKVEKSLPGONEDLVLTGYQVDKNKDDELTGE

(SEQ ID NG.: 987)

In certain embodiments, the small molecule immune checkpoint inhibitor may comprise
an amine acid sequence having at least 80% identity to the modified Stefin A scatfold
polypeptide sequence of SEQ ID N, 9838,

MIPWGLSEAKPATPEIQEIVDEVEPQLEEKTNETYGELEAVQYRTQVDAG
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TNYYIKVRAGDNK YMHLEVFNGPPGONEDLVLTGYQVDKNKDDELTGF

(SEQ I NO.: 9€8)

In certain embodiments, the small molecule immune checkpeint inhibitor can be, for
example, a PD-L1-specific affimer (e.g. PDL1-141 or PDL1-179; sce, for example, Avacta
Life Sciences poster entitled "Generation and Formaiting of Affimer® Biotherapeutics for the

Inhibition of the PD-L1/PD-1 Pathway" 14® Annual Discovery on farget, September 19-22,

2016, Boston, MA).

In certain embodiments, the present diminsm‘e provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of & modulator
of KRAS signaling, e.g., a KRA3 aiRNA, as defined herein. In certain embodiments, the
present disclosurs provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of a PD-L 1-specific affimer. In
certain embodiments, the method is offective at sensitizing tumor cells to PD-L1-specific
affimer. In certain embodiments, the method changss (e.g., enhances) the efficacy of PD-L1-
specific affimer. In certain embodiments, the tumor cells are resistant fo treatment with PD-
L1-specific affimer alone. In certain embodiments, the PD-L 1-specific affimer can comprise

PDL1~141 and/or PDL1-175.

In certain embodiments, the small melecule immunc checkpoint inhibitor can be, for
example, a bromodomain and extraterminal dorsain (BET) inhibitor e.g., JQ1 {also known as
TEN-010 in clinical trials NCT02308761 and NCT01987362). In certain embodiments, a

bromodomain and extraterminal domain (BET) inhibitor can be an inhibitor of BRD4.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of 2 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of a BET inhibitor. In certain
embodiments, the method is effective at sensitizing tumor cells to BET inhibitor. In certain
embudiments, the method changes (e.g., enhances) the efficacy of BET inhibitor. In certain
embodiments, the tumor cells are resistant to treatment with BET inhibitor alone. In certain

embodiments, the BET inhibitor can comprise an inhibitor of BRD4, e.g. JQ1.
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In certain embodiments, the immune checkpoint inhibitor is a monoclonal or polyclonal
antibody directed at PD-1 , PD-L1, PDL2, CD28, CD80, CD86, CTLA4, B7RPI, ICOS, -
B7RPL B7-H3, B7-H4, BTLA, HVEM, KIR, TCR, LAG3, CD137, CD137L, 0X40, OX40L,
CD2Z7, CD70, CD40, CD40L, TIM3 (Le, HAVer2), GALY, and/or AZaR.

Exemplary PD-1 immune checkpoint inhibitors that may be combined with 2 modulator

of KRAS signaling, as disclosed herein, include, bul are not limited, to:

Nivolumab

Synonyny Anti-PD-1 human monoclonal antibody MDX-1106

Description: A fully human [gG4 antibody blocking the programmed cell death-1
receptor  (Medarex/Ono  Pharmaceuticals/Bristol-Myers  Squibb):
gammal heavy chain (1-440) [Home sapiens VH (IGHV3 -33%01
(91.80%) — (IGHD) — IGHI4*01) [8.8.6] {1-113) — IGHG4*01 hinge
S10-P (221) (114-440Y], (127-2147) — disulfide with kappa light chain
{17-214”) {Homo sapiens V- KAPPA (IGKV3- 11*01 (98.90%) -
IGKI1*013 {6.3.91 (17-107") - IGKC*01 (108°-2147}); (219-21977:222-
222"} - bisdisulfide dimer

US brand name: Opdive™ (developad by Bristol-Myers Squibb, Medarex
{Bristol-Myers Squibb) and Ono Pharmaceuticals)

167 clinical trials
2015 FDA Approved - Lung cancer (non-small cell)
2012 Start of Phase 3 - Lung cancer (non-small cell}
2011 Start of Phase 2 ~ Renal cell carcinoma
2006 Start of Phase 1 - Lung cancer (non-small cell)
Conditions: B-cell malignancies, Lung cancer {non-small cell), Melanoma,
Renal Cell Carcinoma
Code name: BMS-9365358, MIDX-1106, ONO-~4538, 5C4
CAS Regisiry number: 946414-54-4
Nivolumab is a fully human immunoglobulin (Ig) G4 monoclonal antibody directed
against the negative immuno-regulatory human ;:eEE surface receptor programmed death-1 FD-
1, PCD-1). Nivolumab can bind to and block the activation of PD-1 by its ligands programmed
cell death ligand 1 (PD-L1), overexpressed on certain cancer cells, and progranmned cell death
tigand 2 (PD-L2), which is primarily expressed on APCs. This can result in the activation of

T-cells and cell-mediated immune responses against humor cells or pathogens.
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Compositions and methods of using and making nivolumab are disclosed, for example,
in U.S. Patent Nos. 9,387,247 8,779,105, 8779,105; 8,168,179; and 8,008,449, the contents

of which are hereby incorporatad by reference herein in their entireties for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an inwnune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of nivelumab. In certain
embodiments, the method is effsctive at sensitizing tumor cells to nivolomab. In certain
crabodiments, the method changes {(e.g., enhances) the efficacy of nivolomab. In certain

embodiments, the tumor cells are resistant to treatment with nivolomab alone.

Pembrolizumab

Synonym: anti-PD-1 monoclonal antibody MK-3473

Description: humanized mouse monoclonal (228-L-proline(H10->P)) gamma 4
heavy chain (134-218)-disulfide with humanized mouse monoclonal
kappa light chain dimer (226-226"229-229")-bisdisulfide
immunoglobulin G4, anti-(human programmed cell death 1)

US brand name: Keytruda™ (deveiopcd by Merck and Schering-Plough),
261 clinical ‘etriais '
2014 FDA Approved - Solid tumors
2013 Start of Phase 3 - Melanoma

Code name: MK-3475, SCH 900475, lambrolizumab

Comnditions: Meclanoma, solid tumors

CAS Registry number: 1374853-91-4

Pembrolizumab is a humanized monoclonal immunoglobulin (Ig) G4 antibody directed
against human cell surface receptor PD-1 (programuned death-1 or programmed cell death-1).
Upon administration, pembrolizumab can bind to PD-1, an intibitory signaling receptor
expressed on the surface of activated T cells, and block the binding to and activation of PD-1
by its ligands, which can result in the activation of T-cell-mediated immune responses against

tumor cells.
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Compositions and methods of using and making pembrolizumab are disclosed, for
examaple, in U.S. Patent Nos. 8,354,509, 8,900,587, §,952,136; and 9,220,776, the contents of

which are hereby incorporated by reference herein in their entireties for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of & modulator
of KRAS signaling, ¢.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an imwmune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.5., a KRAS
aiRNA, as defined herein, combined with an effective amount of pembrolizumab. In certain
embodiments, the method is effective at sensitizing tumor cells to pembrolizumab. In certain
embodiments, the method changes (e.g., enhances} the efficacy of pembrolizumab. In certain

embodiments, the tumor cells ars resistant to treatment with pembrolizumab alone.

JSO0I

Synonymm: anti-PID-1 humanized antibody (developed by Shanghai Junshi
Biosciences Inc. and Junmeng Biosciences Co., Lid.)

Description:  Immunoglobulin G4, anti-(bhuman programmed cell death protein 1)
{human monoclonal IS001 v4-chain), disulfide with human
monoclonal JIS001 «-chain, diner

Siatus: T 2016 Stast of Phase I chimical trials (NCT02836834, NCT02835823
NCT02836795 & NCT02857166).

Conditions:  Breast cancer, solid tumorg
CAS Registry number: 1924598-82-2
Compositions and methods of using and making J3001 are disclosed, for example, in

International Patent Application No. PCT/CN2014/072574, the content of which is hereby

incorporated by reference herein in its entirety for any purpose

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against 3 lumor comprising administering an effective amount of 2 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tomor in a
subject comprising administering to the subject an effective amount of a modulator of KRAS

signaling, c.g., a KRAS aiRNA, as defined herein, combined with an offective amount of
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JS001. In certain embodiments, the method is effective at sensitizing lumor cells (o JS001. In
certain embodiments, the method changes (e.g., enhances) the efficacy of JS001. In certain

embodiments, the tumor cells are resistant to treatment with IS001 alone.

REGN2810

Synonynu anti-PD-1 human monoclonal antibody (developed by Regeneron
Pharmaceuticals, Inc. and Sanofi-Aventis)

Diescription:  Immunoglobulin G4, anti-(human programmed cell death protein 1}
(human monoclonal REGN2810 heavy chain), disulfide with human
monoclonal REGN2810 w-chain, dimer

Status: 2015-2016 Start of Phase VIl clinical trials for trestment of advanced
cutaneous squamous cell carcinoma (NCT02760498, NCT02651662,
NCT02520245 & NCT02383212; see also J Clin Cncol 34, 2016
(suppl;, abstr 3024)

Conditions:  Advanced malignancies

CAS Registry number: 1801342-60-8

REGN2810 is a human monoclonal antibody directed against the negative
immunoregulatory human cell surface receptor programumed cell dsath 1 (PD-1) protein. Upon
administration, anti-PD-1 monoclonal antibody REGN2810 can bind to PD-1, inhibit its
binding to the PD-1 Ligand programmed ccll death-1 ligand 1 (PD-L1}, and provent the

activation of its downstream signaling pathways.

Compositions and methods of using and making REGN2810 are disclosed, for example,
in the published U.3. Patent Application No. 2015/0203379, the content of which is hereby

incorporated by reference herein in its entirety for any purpose

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising adminstering an effsctive amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of REGN2810. In certain

embodiments, the method 1s effective at sensitizing tumor cells to REGN2810. In certain
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embodiments, the method changes (e.g., enhances) the efficacy of REGN2810. In ceriain

embodiments, the tumor cells are resistant to treatment with REGN2810 alone.

SHR-1210

Synomym Immunoglobulin G4, anti-{cell surface receptor) (human-Adus nuescrelus
monoclonal SHR-1210 heavy chain), disulfide with human-Mus musculis
monoclonal SHR-1210 light chain, dimer (developed by Ineyte Corporation,
Jiangsu Hengrui Medicine Co., Ltd and Shanghai Hengrui Pharmaceutical
Company, Lid.)

Description: Immunoglebulin Gd-kappa, anti-{Homo sapisos PDCD1 (programmed
cell death 1, PD-1, CD279)], humanized monoclonal antibody;
gamimad heavy chain (1-443) [humanized VH (Homo sapiens IGHV3-
701 (908@%) ~{IGHD) -IGHI4*01}) [8.8.9] (1-116) -IGHG4*01 (CHI
(117-214), hinge S10>P (224) (215-226), CH2 (227-336), CH3 (337-
441), CHS (442- 443)) (117-443}], (130-214") disulfide with kappa
light chain {1°-214") [humanized V-KAPPA (Homeo sapiens IGKV1-
39%01 (87.40%) -IGKI1*01) [6.3.9] (1~107) -Home sapiens
IGKC*31, Km3 (108-214"]; dimer (222-222"225 225" }-bisdisulfide

Status: 2015-2016 Start of Phase I clinical trials for treatment of advanced
melanoma and Advanced Solid Tumaors (NCT02492789,
NCT02721589, NCTO2738489 & NCT02742935).

Conditions: Solid tumors (e.g., breast cancer, lung cancer)

Code name: INCSHR-~1210; camrelizumab
CAS Registry Number: 1798286-48-2 (camrelizumab); 1923896-09-6 (SHR-1210)

SHR-1210 is a monoclonal antibody directed against the negative imnnmnoregulatory -
human cell surface receptor programmed death-1 (PD-1). Upon admimistration, anti-PD-1
monoclonal antibody SHR-1210 can bind to and block the binding of PD-1 to its ligands
programmed cell death Hgand 1 (PD-L13, overexpressed on certain cancer cells, and
programmed cell death ligand 2 (PD-L2), which ts primarily expressed on antigen preseniing

cells (APCs).
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Corapositions and methods of using and making SHR~1210 are disclosed, for example,
in International Patent Application No. PCT/CNZG14/091090, the content of which is hereby

incorporated by reference herein in its entirety for any purpose

In certain embodiments, the present disclosure provides a method for enhancing ao
immune response against a turnor comprising administering an effective amount of 3 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response agamnst a fumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of SHR-1210. In certain
embodiments, the method is effective at sensitizing tumor cells to SHR-1210. In certain
embodinients, the method changes (e.g., enhances) the efficacy of SHR-1210. In certain

embodiments, the tumor cells are resistant to treatment with SHR-1210 alone.

MEDIDOR0

Synonyau anti-PT-1 human G4 monocional antibody (developed by
Amplimmune Inc. & Medinunune)

Description: Immunoglobulin G4, anti~human programmed cell death 1 ligand

protein PDCDL) (human-Mus musculus monoclonal MEDIO680 v4-
chain)}, disulfide with human-Mus musculus monocional MEDIOG80 w-
chain, dimer

Status 2014 NCTG2271945 (Phase VPhase I}
2014 NCT02118337 (Phase [
2013 NCT(2013804 (Phase D

Code name: AMP-514, MEDIOGR0

Conditions: Advanced malignancics, aggressive B cell ymphomas

CAS Registry Number: 1607465-69-9

MEDO680 is a humanized immunoglobulin (Ig) G4 monoclonal antibody directed
against the negative immunoregulatory human cell surface receptor programmaed cell death 1

{PD-1. Upon administration, anti-PD-1 monoclonal antibody MEDIN680 can bind to and

inhibit PD-1 and its downstream signaling pathways.

Compositions and methods of using and making MED10680 are disclosed, for example,

in U8, Patent No. 9,205,148 and the published 11.S. Patent Application No. 2016/0130348, the
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conlents of which are hereby incorporated by reference herein in their entirelies for any

purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of 3 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amousnt of 2 modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined hersin, combined with an effective amount of MEDI0680. In certain
embodiments, the method is effective at sensitizing tumor cells to MED10680. In certain
embodiments, the method changes (e.g., enhances) the efficacy of MEDI10680. In certain

embodiments, the tumor cells are resistant to treatment with MED10680 alone.

FPDROO!

Synonym: humanized anti-PD-1 [gG4 antibody {developed by Novartis)

Status 2015-2016 Phase V11 clinical trials (NCT0O2807844, NCT(2460224,
NCT02404441, see also J Clin Oncol 34, 2016 (suppl; abstr 3060)

Conditions: Advanced malignancies, solid tumors

CAS Registry Number: 1859072-53-9

PDRO01 is a fully humanized monoclonal antibody that binds to PD-1 with high affinity
and inhibits the biological activity of PD-1. Upon administration, anti-PD-1 monoclonal
antibody PDROO1 can bind to PD-1 expressed on activated T-cells and block the interaction
with its ligands, programmed cell death 1 ligand 1 (PD-L1, PD-1L1) and PD-1 ligand 2 (PD-
1.2, PD-112). |

In certain embodimenls, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, .z, a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, .8, 2a KRAS
aiRNA, as defined hersin, combined with an effective amount of PDROCL In certain
gmbodiments, the method is effective at sensitizing tumor cells to PDROOL In ceriain
embodiments, the method changes (s.g., enhances) the efficacy of PDROOL. In certain

embodiments, the tumor cells are resistant to treatment with PDROO1 alone.
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BGB-317

Synonym: humanized anti-PD-1 monoclonal antibody
{developed by BeiGene Ltd.)

Status 2015-2016 Phase I clinical trials (NCT02660034, NCT024(79%0; see
also J Clin Oncol 34, 2016 (suppl; abstr 3066)

Code name: BeiGene patent anti-PD-1

Conditions: Advanced solid tumors

CAS Registry Number: 1863119-16-7

BGB-317 is a2 monoclonal antibody directed against the negative imfnunareguiatsry
human cell surface receptor programmed cell death | (PD-1). Upon adminisiration, anti-PD-1
monoclonal antibody BGB-317 can bind fo PD-1 and inhibit the binding of PD-1 to the PD-1
ligands programmed cell death-1 ligand 1 (PD-L1), and PD-1 ligand 2 (PD-L2}.

Compositions and methods of using and making BGB-317 are disclosed, for example,
in U.S. Patent Nos. 9,217,034 and 8,735,553, the contents of which are hereby incorporated by

reference herein in their entiretics for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
imnmune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of BGB-317. In certain
embodiments, the method is effective at sensitizing tumor cells to BGB-317. In certain
embodiments, the method changes (c.g., cnhances) the efficacy of BGB-317. In cerlain

embodiments, the tumor cells are resistant to treatment with BGB-317 alone.

TSR-042
Synonym: humanized anti-PD-1 monocional antibody
{developed by AnaptysBio and Tesaro, Inc.)
Status 2016 Phase I clindcal trial (NCT02715284)
Code name: ANBGO11, TSR~042
Comnditions: Advanced solid tumors

CAS Registry Number: 1923896-12-1
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TSR-042 is 2 humanized monoclonal aniibody direcled against the negative
immunoregulatory human cell surface receptor programmed cell death 1 (PD-1; programmed
death-1), with potential immune checkpoint inhibilory and antineoplastic activities. Upon
administration, anti-PD-1 monoclonal antibody TSR-042 can bind to and inhibit PD-1 and s

downstream signaling pathways.

Compositions and methods of using and making TSR-042 are disclosed, for example,
in U.S. published Patent Application Patent No. 2016/0075783, the content of which is hereby

incorporated by reference herein in its entirety for any purpose

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against 3 tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response agamnst a tumor
comprising adnﬁnisteﬁing an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of TSR-042. In certain
embodiments, the method is offective at sensitizing tumor cells to TSR-042. In certain
embodiments, the method changes (c.g., enhances) the efficacy of TSR-042. In certain

embodiments, the tumor cells are resistant to treatment with TSR-042 alone.

PF-06801591

Synonynu Anti~-PI+1 monoclonal antibody

Status: 2016 NCT02573259 Phase 1 {developed by Pfizer & Merck)
Conditions: Melanoma, Head and Neck Cancer (SCHNC), Ovarian, Sarcoma,

Hedgkin Lymphoma

PF-068015%1 is an inhibitor of the human inhibitory receptor programmed cell death 1
(PD-1; PDCD1), with potential immune checkpoint inhibitory and antineoplastic activities.
Upon administration, anti-PD-1 checkpoint inhibitor PF-06801591 can target and bind to PD-
1 and blocks the interaction between PD-1 and its ligands, PD-1 ligand 1 (PD-L1) and PD-1
ligand 2 (PD-L2).

In certain embodiments, the present disclosure provides a method for enhancing an
imroune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., 2 KRAS aiRNA, a» defined herein. In certain embodiments, the

presont disclosure provides a method for enhancing an immune response against a tumor
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comprizing administering an effective amount of & modulaior of KRAS signaling, ¢.g., a KRAS
a1l NA, as d@ﬁnéd herein, combined with an effective amount of PF-06801591. In cerfain .
embodiments, the method is effective at sensitizing tumor cells to PF-06801591. In certain
embodiments, the method changes {e.g., enhances) the efficacy of PF-06301591. In certain

embodiments, the tumor cells are resistant to treatiment with PF-06801591 alone.

Ningbo Cancer Hosp. (NCH) anti-PD-1 CAR

Synonym: Anti-PD-1 Clumeric antigen receptor
Status: 2016 NCTO2873390 Phase VI

{(developed by Ningbo Cancer Hospital, China)
Conditions: EGFR Family Member Positive Advanced Malignancias

Code name: HerinCAR-PD-1 cells (PD-1 Antibody Expressing CAR-T Cells)

In certain embodiments, the present disclosure provides a method for enhancing an
irnmune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of NCH anti-PD-1 CAR. In
certain embodiments, the method is effective at sensitizing tumor cells to NCH anti-PD-1 CAR.
In certain embodiments, the method changes (e.g., enbances) the efficacy of NCH anti-PD-1
CAR. In certain embodiments, the tumor cells are resistant to trestment with NCH anti-PD-1

CAR alone.

FPidilizumab
Synonyms:  CT-011, MK-3473, hBat-1, MDVS300

Statas: NCT0207795% Phase VL Lenalidomide and pidilizumab are curently
being evaluated for the treatment of patients with relapsed or refractory
multiple myeloma (developed by CureTech Ltd.  Medivation Ine.,

Teva Pharmaceutical Indusirics)

Description: Immunoglobulin G1, anti-(receptor PD-1 (Programmed Death 1))

(human-mouse monoolonal CT-011 vl-chain), disulfide with human-

mouse monoclonal CT-011 w-chain, dimer

&1
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CAS Registry Nomber: 1036730-42-3

Compositions and methods of using and meking pidilizumab are disclosed, for
example, in U.8. Patent Nos. US7332582;, USBG686119, USBT47847, US9309308 and
US9416175, the contents of which are hereby incorporated by reference herein in their

entireties for any puipose.

In certain embodiments, the present disclosure provides a method for enhancing an
irmne response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an imunune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined hercin, combinod with an cffoctive amount of pidilizumab. In cerlain
embodiments, the method is effective at sensitizing tumor cells to pidilizumab. In certain
embodiments, the method changes (e.g., ‘enhances) the efficacy of pidilizumab. In certain

embodiments, the tumor cells are resistant to treatment with pidilizumab alone.

TABLE 7 provides non-limiting examples of pre-clinical inhibiters of the PD-1
immune checkpoint reported in the recited "Related Patent Documents,” each one of which is

hereby incorporated by reference herein in its entirety for any purpose

TABLE 7

Compositions and methods of using and making

- fedimmune anti-PD-1 are disclosed in US7488807;

Medimmune, Wyeth [U87029674; US20160222113, the contents of which
are hereby incorporated by reference herein in their
gntireties for any purpose

Medimmune
anti-PD-1

Compositions and methods of using and making Isis
anti-PD-1 are disclosed in W02010029434;
WO2010029435; USI0110171220; US20110171215;
USB927697, the contents of which are hereby
incorporated by reference herein in their entireties for
any purpose

isis anti-PD-1 Isis

Compdsitiuns and methods of using and making UCB
ucB anti-PD-1 are disclosed in US201.60068586;
Usg102728; UsS8883731, th_e contents of which are

UCB anti-PD-1
or 948.g1

82




WO 2018/098352 PCT/US2017/063116

hereby incorporated by reference herein in their
entireties for any purpose

Compositions and methods of using and making Dana-
Farber anti-PD-1 are disclosed in US9102727,
Dana-Farber Dana-Farber. Novartis US20160137731; US20110271358; US20130291136;
anti-PD-1 ! WO02015112900; W(02010036959, the contents of
which are hereby incorporated by reference hereinin
their entireties for any purpose

Compositions and methods of using and making STI-
1110 are disclosed in US20140356363;

5Ti-1110 Sorrento W02014194302, the contents of which are hereby
incorporated by reference herein.in their entireties for
any purpose

Compositions and methods of using and making

S .

S?;;?;‘ei Suzhou Stainwei Biotech anti-PD-1 are disclosed in

Biotech anti- Suzhou Stainwei Bio  [WO02015058573, the content of which is hereby

PD-1 incorporated by reference herein in its entirety for any
purpose

Mabi . & &

pembrolizumab Haixi

biosimilar »
Compositions and methods of using and making Livzon

Livzon Livzon anti-PD-1 are disclosed in W(02016015685, the

anti-PD-1 ‘ content of which is hereby incorporated by reference

: herein in its entirety for any purpose

3 Com positions and methods of using and making

iMabQuest MabQuest MabQuest anti-PD-1 are disclosed in W020160208586,

anti-PD-1 the content of which is hereby incorporated by
reference herein in its entirsty for any purpose |
;Com positions and methods of using and making '

X Singapore ASTR anti-PD-1 are disclosed in

S

a’;‘ti‘;f”le ASTR  Singapore ASTR WO2016068801, the content of which is hereby
incorporated by reference herein in its entirety for any
O i

Compositions and methods of using and making Sutre
anti-PD-1 are disclosed in W02016077397, the
content of which is hereby incorporated by reference
herein in its entirety for any purpose

Sutro anti-PD-1 iSutro

1 : Compositions and methods of using and making Rinat '
Rinat anti-PD-1 {{Rinat anti-PD-1 are disclosed in US20160159905;
W02016092419, the contents of which are hereby
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lany purpose

incorporated by reference herein in their entireties for

Biocad anti-PD- Siocad

Enumeral anti-
PD-1 or ENUM  HEnumeral
38804 )

V‘Cam pdsitians and methods of using and making

ENUM 388D4 anti-PD-1 are disclosed in
W02016106159, the content of which is hereby
incorporated by reference herein in its entirety for any
purpose

Kadmon anti-

PO-1 EKadme:m

Compositions and methods of using and making
Hadmon anti-PD-1 are disclosed in W02016127179,

the content of which is hereby incorporated by

reference herein in its entirety for any purpase

In certain embodiments, the present disclosure provides a method for enhancing an

immune response against a tumor comprising administering an effective amount of 2 modalator

of KRAS signaling, e.g., 8 KRAS aiRNA, as defined herein. In certain embodiments, the

present disclosure provides a method for enhancing an immune response against a tumor

comprizing administering an effective amount of 2 modulator of KRAS signaling, ¢.g., a KRAS

aiRNA, as defined herein, combined with an effective amount of a preclinical inhibitor of PD1 .

shown in TABLE 7. In certain embodiments, the method is effective at sensitizing tumor cells

to the prechinical inhibttor of PD1. In certain embodiments, the method changes (e.g., enhances)

the efficacy of the preclinical inhibitor of PD1. In cerlain embodiments, the tumor cells are

resistant to treatment with the preclinical inhibitor of PD1 alone.

Exemplary PD-L1 immune checkpoint inhibitors that may be combined with a

modulator of KRAS signaling, as disclosed herein, include, but are not limited, to:

Atezolizumiab

Synonym: Anti-PD-L1 monoclonal antibody MPDIL3280A

Degcription: Immunoglobulin G1, anti-<(hurnan CD antigen CD274) {human
monoclonal MPDL3280A heavy chain}, disolfide with human
monoclonal MPDL3280A w-chain, dimer

US brand name: Tecentrig’™ (developed by Genentech/Hoffmann-La Roche)
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FDA approved for the treatment of bladder cancer
Code name: MPDL3280A, RG7446, ROS341267, YW243.55.870
CAS Registry Number: 1380723-44-3

Atezolizumab is a human, Fo optimized, monoclonal antibody directed against the
protein ligand PD-L1 {programmed cell death-1 ligand 1), with potential imrmune checkpoint
inhibitory and antineoplastic activities. PD-L1 is overexpressed on many human cancer cell
types and on various tumor-infiltrating immune cells. Atezolizumab can bind to PD-L1,
blocking its binding to and activation of its receptor programmed death 1 (PD-1) expressed on
activated T-cells, which may enhance the T-cell-mediated immune response to neoplasms and
reverse T-cell inactivation. In addition, by binding to PD-L1, atezolizomab can also prevent
binding of this ligand to B7.1 expressed on activated T cells, which further enhances the T-
cell-mediated imnune response. The Fi region of atezolizumab is modified in such a way that
it does not induce either antibody-dependent cytotoxzicity (ADCC) or complement-dependent
cytotoxicity (CDC3.

Compositions and methods of using and making atezolizumab are disclosed, for
gxample, in U3, Patent No. 8,217,149, the content of which is hereby tncorporated by

reference herein in its entirety for any purpose

In certain embodiments, the present disclosure provides & method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., 2 KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of atezolizumab. In certain
embodiments, the mcthod is offective at scnsitizing tumor colls to atezolizumab. In certain
embodiments, the method changes (e.g., enhances) the efficacy of atezolizomab. In certain

embodiments, the tumor cells are resistant to treatment with atezolizumab alone.

Avelumab
Synonym: Anti-PD-L1 monoclonal antibody
Description: Immunoglobulin G1, anti<human CD antigen CD274) (human

monoclonal MSB0010718C heavy chain), disulfide with human
monoclonal MSB0010718C light chain, dimer
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Code npame: MSB0010718C, A09-246-2 (developed by Merck Serono and Plizer)
CAS Registry Number: 1337032-82-8

Avelumab is a human immunoglobulin G1 (IgGl) monoclonal antibody dirscted
against the human immunosuppressive ligand programmed death-ligand 1 (PD-L1} protein,
with potential immune checkpoint inhibitory and antineoplastic activities. Upmm
administration, avelumab can bind to PD-L1 and prevent the interaction of PD-L1 with its
receptor progranuned cell death protein 1 (PD-1). This can inhibit the activation of PD-1 and
its downstream signaling pathways. This may restore immune function through the activation
of cytotoxic T-lymphocytes (CTLs) targeted to PD-L1-overexpressing tumor cells, In addition, i
avelumab can induce an antibody-dependent cellular eytotoxic (ADCC) response against PD-

Ll-expressing tumor cells.

Compositions and methods of using and making avelumab are disclosed, for example,
in the published International Patent Publication Nos. WO2013079174 and WO2016137983,
the contents of which are hercby incorporated by reference hercin in their ontircties for any

purpose.

In cerfain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, .3, a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a mothod for cnhancing an immunc response against a tursor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
3iRNA, as defined. berein, combined with an effective amount of avelumab. In certain
enbodiments, the method is effective at semsitizing tumor cells to avelumab. In certain
embodiments, the method changes (e.g., enhances) the efficacy of avelumab. In certain

cmbodiments, the tumor cells are resisiant to treatment with avelomab alone.

Dhrvalumab

Code name: MEDI-4736, MEDI4736
(Developed by Medimmune/ AstraZeneca/Celgene)

Description:  Immunoglobulin G1, anti-(human protein B7-H1) (human monoclonal
MEDI4736 heavy chain), disulfide with human monoclonal
MEDI4736 kappa-chain, dimer

CAS Registry Nomber: 1428935-60-7
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Durvalumab is an Fe optimized monoclonal antibody directed against programmed cell
death-1 ligand 1 (PD-L1; B7 homolog I; B7HI), with potential immune checkpoint inhibitory
and antineoplastic activities. Upon intravenous administration, durvalumab can bind to PD-L1,
thereby blocking its binding to and activation of its receptor programmed death 1 (PD-1)
expressed on activated T-cells. This may reverse T-cell inactivation and activate the immune
system to exert a cytolonic T-lymphocyle (CTL) response against PD-Li-expressing tumor
cells. The Fe region of durvalumab is modified in such a way that it does not induce either

antibody-dependent cytotoxicity (ADCC) or complement-dependent cytotoxicity (CDC),

Compositions and methods of making and using durvaluomab are disclosed, for
example, m U.S. Patent No. 8,779,108 and the published U.S. Patent Application No.
2016/0222120, the contents of which are hereby incorporated by reference herein in thew

entiretics for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tamor comprising administering an effective amount of 2 modulator
of KRAS signaling, e.g., a KRAS aiRINA, as defined berein. In certamn embodiments, the
present disclosure provides a method for enhancing an immune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, e g, a KRAS
aiRNA, as defined hercin, combined with an effective amount of durvalumab. In certain
embodiments, the method is effective at sensitizing tumor cells to durvalumab. In certain
embodiments, the method changes (e.g., enhances) the efficacy of durvalumab. In certain

ermbodiments, the tumor cells are resistant to treatment with durvalumab slone.

AMP-224
Cade name: B7-DCIg

(Developed by Medimmune/ Amplimmune/ AstraZeneca)
Description: AMP-224 is a recombinant B7-DC Fe-fusion protein composed of the

extraceliular domain of the PD-1 Higand programmed cell death ligand
2 (PD-1.2, B7-DC) and the Fe region of human immunoglobulin (g)
G1 |

CAS Registry Number: 1422184-00-6
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AMP-224 is a recombinani B7-DC Fe-fusion proiein that binds to PD-1. In a mouse
model of colon cancer, an optimized ireatment regimen with AMP-224 eradicated established

turnors of the animals and conferred long-term protective anti-cancer inwnunity.

Compositions and methods of making and using AMP-224 are disclosed, for example,
in the International Publication Nos. WO2010027827 and W0O2011066342, the contents of

which are hereby incorporated by reforence herein in their entireties for amy purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
inmune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments; the
present disclosure provides a method for enhancing an immune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, €.g., 2 KRAS
aiRNA, as defined herein, combined with an effective amount of AMP-224. In certain
embodiments, the method is effective at sensitizing tumor cells to AMP-224. In certain
embodiments, the method changes (c.g., cnhances) the cfficacy of AMP-224. In certain

cmbodiments, the tumor cells are resistant to Wreatment with AMP-224,

MDX-1105

Code name: MDX-1105, BMS-936359, 12A4
(Devsloped by Medarex, (Bristol-Myers Squibb)
anti-PD-L1 antibody

CAS Registry Number: 1422185-22-5

MIDX-11035 is an anti-PD-=L1 antibody that is in Phase VI clinical trials for the treatment
of advanced cancers, including hematologic malignancies, melanorma, renal cell carcinoma and

solid tumors (Brahmer 7 o/, N. Engl. J. Med. (2012) 366:24535-63).

Compositions and methods of making and using AMP-224 are disclosed, for example,
in U.S, Patent Nos, 7,943,743, 8,3 83,,796; 9,102,725, 9,212,224 and 9,273,135, the contents of

which are hereby incorporated by reference herein in their entireties for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
prosont disclosure provides a method for enhancing an immune response against a tumor

comprising administering an effective amount of a modulator of KRAS signaling, €.g., a KRAS
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aiRNA, as defined herein, combined with an effective amount of MIDX-1103. In ceriain
emabodiments, the method is effective at sensitizing tumor cells to MIDX-1105. In certain
embodiments, the method changes (e.g., enbances) the efficacy of MIXX-1105. In certain

embodiments, the tumor cells are resistant to treatment with MDX-1103.

LY3300054

- LY3300054 is an anti-PD-L1 antibody that has entered Phase I clinical trial in June
2016 for the treatment of advanced refractory solid tumors (Clinical Trial ID: WCT02791334)

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of 2 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain smbodiments, the
present disclosure provides a method for enhancing an imunune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, e.g., a KRAS
aiRMNA, as defined herein, combined with an effective amount of LY3300054. In certain
embodiments, the method is effective at sensitizing tumor cells to LY3300034. In certain
embodiments, the method changes (s.g., enhances} the efficacy of LY3300034. In certain

embodiments, the tumor cells are resistant to treatment with LY3300054.

KNO35

Alphamab is an anti-PD-L1 heavy chain antibody selected from 2 large camel naive
phage display Nanobody library.

In certain embodiments, the present disclosure provides a method for enhancing an
immung response against a tumor comprigsing administering an effective amount of a2 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In cerlain embodiments, the
present discloswre provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of 3 modulator of KRAS signaling, e.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of Alphamab. In certain
embodiments, the method is effective at sensitizing tumor cells to Alphamab. In certain
embodiments, the method changes (c.g., enhances) the efficacy of Alphamab. In certan

embodiments, the tumor cells are resistant to treatment with Alphamab.

TABLE 7 provides non-limiting examples of pre-clinical inhibitors of the PD-L1
immune checkpoint reported in the recited "Related Patent Documents,” sach one of which is

hereby incorporated by reference herein in ity entirety for any purpose

89



WO 2018/098352

TABLE 8

PCT/US2017/063116

Mayo patent anti-B7-H1

éi\/iayca

Compositions and methods of
using and making Mayo patent
anti-B7-H1 are disclosed in
US84609227; US8981063, the
contents of which are hereby
incorporated by reference herein
in their entireties for any purpose

Dana-Farber patent anti-PD-L1

{Checkpoint
Therapeutics

Dana-Farber

Novartis

Compositions and methods of
using and making Dana-Farber
patent anti-PD-L1 are disclosed in
UsS20160108123; W(2016061142;
US20160137731; WQ2015061668,
US20150274835; W020140558597,
WQ02014022758; US20150197571;
US20130291136; US8552154;
W02010036959; US20110271358,
the contents of which are hereby
tincorporated by reference herein

STi-1014

Sorrento

using and making 5T1-1014 are
disclosed in US9175082, the
content of which is hereby
incorporated by reference herein

Ein their entireties for any purpose
Ein its entirety for any purpose

;CGm positions and methods of

Regeneron patent anti-PD-L1

Regeneron

3

Compositions 3 nd mathads of
using andymaking Regeneron
ipatent anti-PE-L1 are disclosed in
US20150203580; WO2D15112805,
the contents of which are hereby
incrporated by reference herein
ir their entireties for any purpose

Kadmon patent anti-PD-L1

Kadmon

Compositions and methods of
using and making Kadmon patent
anti-PD-L1 are disclosed in
W02015109124, the content of
which is hereby incorporated by
ireference herein in its entirety for
Yany purpose

Merck patent anti-PD-L1 / TGF
beta Rii

Merck Serono

Compositicng dnd mathads of
using and making Merck patent

o0
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anti-PD-L1 / TGF beta Rll are
disclosed in W02015118175, the
content of which is hereby
incorporated by reference herein
lin its entirety for any purpose

Merck patent anti-PD-L1

Merck & Co

‘Compositions and methods of
‘using and making Merck patent
‘anti-PD-L1 are disclosed in

VW (02014100079, the content of
which is hereby incorporated by

\reference herein in its entirety for
Jany purpose

Spring Bioscience patent anti-
PD-11

Genentech

Spring Bioscience

\Com positions and methods of

using and making Spring
Bioscience patentanti-PD-11 are
disclosed in W02015181342;
WI2016007235, the contents of
which are hereby incorporated by

-y eference herein in their entireties

for any purpose

R-Pharm patentanti-PD-L1

R-Pharm

Conipositions and methods of
using and making R-Pharm patent
anti-PD-L1 are disclosed in
W(2015195163, the content of
whiich is hereby incorporated by
reference herein in its entirety for

3ny purpose

BeiGene patent anti-PD-L1

BeiGene

EECQm positions and methods of
lusing and making BeiGene patent

anti-PD-L1 are disclosed in
W02016000619, the content of
which is hereby incorporated by
reference herein in its entirety for
any purpose

B&0O-55

DingFu Biotarget

iCom positions and methods of

using and making B60-55 are
disciosed in Luan et al. int.
immunopharmacol. (2016) 31:248-
256, the content of which is
hereby incorporated by reference
herein in its entirety for any
purpose
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2ha et ol. patent anti-PD-L1

Compositions and methods of
using and making Zha et ol. patent
anti-PD-L1 are disclosed in
W02016022630, (the content of
which is hereby incorporated by
reference herein in its entirety for

Roche

ECompositions and methods of

N
i
3
3
B
N
N
N

i
i
i

tusing and making Roche patent

treference herein in its entirety for

i
1
N
N

N
N
i
3
3
¥
N

anti-PD-L1 are disclosed in
W(O2016030350, the content of
which is hereby incorporated by

Kadmon anti-VEGFR2 / PD-11

Kadmon

SAACR 2016; Abstract |D: 572

tantitumor immunity, the contant

A novel anti-PDL1 x anti-VEGER2
bispecific antibody for enhanced

of which is hereby incorporated by
reference herein in its entirety for
any purpose

Singapore ASTR patent
antl-PD-L1

Singapore ASTR

Compositions and methods of
using and making Singapore ASTR
patent anti-PD-L1 are disclosed in
W02016111645, the content of
which is hereby incorporated by
reference herein in its entirety for

any purpose

In certain embodiments, the present disclosure provides a method for enhancing an

immune response against a tomor comprising administering an effective amount of a modulator

of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the

present disclosure provides a method for enhancing an immune response against a tumor

comprising administering an effective amount of a modulator of KRAS signaling, €.g., a KRAS

aiRNA, as defined herein, combined with an effective amount of a preclinical inhibitor of PD-

L1 shown in TABLE 7. In certain embodiments, the method is effective at sensitizing tumor

cells to the prectinical inhibitor of PD-L1. In certain embodiments, the mcthod changes (c.g.,

enhances) the efficacy of the preclinical inhibitor of PD-L1. In certain embodiments, the tumor

cells are resistant to treatment with the preclinical inhibitor of PD-L1 alone.
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Exemplary PI-LZ immunc checkpoinl inhibitors that may be combined with a

modulator of KRAS signaling, as disclosed herein, include, but are not limited, to:

rHighd12E87

Status: Currontly being evaluated in & Phase I clinical trdal NCTO0638892 for the

treatment of Stage IV Melanoma.
Synonym: Mayo patent anti-PD-L2

A rvecombinant form of the monoclonal IgM antibody MIZ igolated from a
Waldenstrom macroglobulinacmia patient (fFHIgM12) with potential immunomodulating
activity, B7-D(C cross-linking antibody rHIgM12B7 binds and crosslinks the B7 co-stimulatory
family member B7-DC (PD-1.2) on dendritic cells (DCs), antigen presenting cells (APCs) that

play a crucial role in the human immune response.

Compuositions and methods of using and making rHIgM12B7 are disclosed in the
published U.5. Patent Application No. 2016/0122431 and U.S. Patent No. 9,235,147, the
contents of which are hereby incorporated by reference herein in their entiretics for any
PUFPOSE.

In certain embodiments, the present disclosure provides a methad fir enhancing an
tmmone response against 2 turmor comprising administering an effective am(}‘unt of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a humor
comprising administering an effsctive amount of a modulator of KRAS signaling, e.g., 2 KRAS
aiBRNA, as defined herein, combined with an effective amount of fHigMI12B7. In certain
embodiments, the method is effective at sensitizing tumor cells to rHIgMIZB7. In certain
embodiments, the method changes (e.g., enhances) the efficacy of HIgMI2B7. In certain

smbodiments, the tumor cells are resistant to treatment with fHIgMIZRT alons

Dana-Farber patent anti-PD-1.2 (preclinical)

- Compositions and methods of using and making the Dana-Farber patent anti-PD-L2 are
disclosed in the published U.S. Patent Application Nos. 2011/0271338; 2013/0201136;
2015/0197571 and 2016/0137731, the contents of which are hereby incorporated by reference

hersin in their entireties for any purpose.
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Exemplary CTLA~4 immune checkpoint imhibitors that may be combined with 4

modulator of KRAS signaling, as disclosed herein, include, but are not limited, to:

Ipilinmab
Synonym anti-cytotoxic T-lymphocyte-associated antigen-4 monocional
antibody; Monoclonal antibody CTL A4 MOAB CTLA-4)
US brand name: Yervoy™ (developed by Bristol-Myers Squibb}
FDA approved for the treatment of melanoma
Code name: BMS5-734016, MDX-010, MDX101, MDX-CTLA-4, 10D1

Description:  immunoglobulin G1, anti-(human CTL A-4 (antigen)) (human y1-
chain), disulfide with human w-chain, dimer

CAS Registry Number: 477202-00-9

Ipilinmamab is a recombinant humzmﬁ immunoglobulin (Ig) G1 monoclonal antibody
directed against the human T-cell receptor cylotoric T-lymphocyte-associated antigen 4
(CTLA4), with immune checkpoint inhibitory and antineoplastic activities. Ipilimumab can
bind to CTLA4 expressed on T-cells and inhibit the CTLA4-mediated downregulation of T-
cell activation. This can lead to a cylotoxic T-lymphocyte {CTL}-mediated immuna reSponse

against cancer cells.

Compositions and methods of making and using ipilimumab are discldsad, for example,
in the 1.3, Patent Nos. 9,358,289, 9,320,811; 8,784,815; 9,062,111; 8,685,394, 8,475,790;
8,119,120, 8,449,886, 8,110,194, 6,984,720 and the International Publication Nos.
WO2015134605, WQO2014066532, WO2013142796, WDZGES’QEQéﬁO? W02012027336,
WO2011045704, WO2011011027, WO2010042433, WO2009100140, WO2007067959,
WOR00T056539, WO2003086459, WO2001014424, the contents of which are hereby

incorporated by reference herein in their entireties for any purpose.

In certain embodiments, the present disclosure provides a method for ephancing an
immune response against a tumor comprising administering an effective amount of a maodulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosurs provides a method for enhancing an immune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of ipilimumab. In certain

embodiments, the method iz cffective at sensitizing tumor cells to ipilimumab. In certain
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gmbodiments, the method changes (e.g., enhances) the efficacy of ipilimumab. In certain

embodiments, the tumor cells are resistant to treatment with ipilimumab alone.

Tremelinumab
Synonyra: anti-CTL A4 human monoclonal antibody CP-6785,206; tictlinmunab

Description:  immunoglobulin G2, anti-(human CTLA-4 (antigen} (human
monoclonal CP-675206 clone 11.2.1 heavy chain) disulfide

with human monoclonal CP-675206 clone 11.2.1 light chain, dimer
Code name: CP-675; CP-673, 206 {developed by AstraZeneca)
CAS Registry Number: 477202-00-9

Tremelimumab is a2 human immunoglobulin (Ig) G2 menoclonal antibody directed
against the human T-cell receptor protein cytotoxic T-lymphocyte-associated protein 4
(CTLA4), with potential immune checkpoint inhibitory and antincoplastic activities.
Tremelinmumab can bind to CTLA4 on activated T-lymphocytes and block the binding of the
antigen-presenting cell ligands B7-1 (CDB80) and B7-2 (CD86) to CTLA4, resuliing in
inhibition of CTLA4-mediated downregulation of T-cell activation. This can promote the
interaction of B7-1 and B7-2 with another T-cell surface recoptor protein CDI28, and result in

a B7-CD28-mediated T-cell activation that is unopposed by CTL A4-mediated inhibition.

Compositions and methods of making and using tremelimumab are disclosed, for
example, in U.S. Patent Nos. 8,883,984, 8,491,895, 8.685,394; 7,824,679, 8,143,379,
7,411,057, 7,132,281, 7,105,003; 6,682,736 and the International Publication Nos.
WO2Z016030455, WO2015173267, WO2011045704, 'W0O2007113648, W0O2006101691,
WO2006101692, WO2006096491, WOZ006048749, WO2005092380, the contents of which

are hereby incorporated by reference herein in their entireties for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present discloswre provides a method for enhancing an inunune response against a tumor
comprising administering an effective amount of a modulator of KRAS ﬁigﬂaiing,‘ 8.2, 3 KRAS
aiRNA, as defined herein, combined with an effective amount of tremelinmamab. In certain

embodiments, the method is effective at sensitizing tumor cells 1o tremelimumab. In certain
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embodiments, the method changes (s.g., enhances) the officacy of tremelimuraab. In certain

embodiments, the tumor cells are resistant to treatment with tremelimumab alone.

AGENI884

AGEN-1884 developed by Agenus is an anti-CTLA-4 antibody that is Phase [ clinical
trials for the treatment of solid tumors (Clintcal Trial ID: NCT0O2694822).

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against 4 turor comprising adminisiering an effeclive amount of 2 modulator
of KRAS signaling, e.g., a8 KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
ailRNA, as defined herein, a:.émbined with an effective amount of AGEN-1884. In cerlain
embodiments, the method is effective at sensitizing tumor cells to AGEN-1884, In ceriain
embodiments, the method changes (c.g., enhances) the efficacy of AGEN-1884. In certain

embodiments, the tumor cells are resistant Lo trealment with AGEN-1884 alone.
TABLE & provides non-limiting examples of pre~clinical inhibitors of the CTLA~4
immune checkpoint reported in the recited "Related Patent Documents,” each one of which is

hereby incorporated by reference herein in its entirety for any purpose
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Exemplary VISTA immune checkpoint inhibitors that may be combined with a

modulator of KRAS signaling, as disclosed hersin, include, but are not limited, to:
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Janssen patent anti-VISTA antibady (preclinical)

Compositions and methods of making and using Janssen patent anti-VISTA antibody
are disclosed, for example, in WO2015097536, the content of which is hereby incorporated by
reference herein in its entirety.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a {omor comprising administering an effective amount of 2 modulator
of KRAS signaling, e.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immnune response against a tumor
comprising administering an effective amount of a modulator of KRAS si gnaling, e.g., a KRAS
2iRNA, as defined herein, combined with an effective amount of Janssen patent anti-VISTA
antibody. In certain smbodiments, the method is effective at sensitizing tumor cells to Janssen
patent anti-VISTA antibody. In cerfain embodiments, the method changes (e.g., enhances) the
efficacy of Janssen patent anti-VISTA antibody. In certain embodiments, the tumor cells are

resistant (o treatment with Janssen patent anti-VISTA antibody alone.

Igeniva patent anti-C10orf34 antibody

Corapositions and methods of making and using Igenica patent anti-C100rf34 antibody
are disclosed, for example, in WO2014197849 and WO2016094837, the contents of which are

hereby incorporated by reference heremn in thetr entirelies for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
impnine response against a tumor comprising ad mindstering an effective amount of a modulator
of KRAS signaling, c.g., 8 KRAS aiRNA, as defined horcin. In cortain embodiments, the
present disclosure provides a method for enhancing an immune response against a fumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined hersin, combined with an effective amount of Igenica paient anti-Cl0of54
antibody. In certain embodiments, the method is effective at sensitizing tumor cells to Igenica
patent anti;Cmor‘fS 4. In certain embodiments, the method changes (e.g., enhances) the efficacy
of Igenica patent anti-C10o0rf54 antibody. In certain cmbodiments, the tumor cells are resistant

to treatment with Igenica patent anti-C 10054 antibody alons,

Amplimmune patent anti-B7-H5 antibody

Compaositions and methods of making and vsing Amplinunune patent anti-B7-HS

antibody are disclosed, for example, in WO2014190336 and the published ULS. Patent
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Application Ne. 2016/0096821, the conlents of which are h@rsby meorporated by reference

herein in their entireties for any purpose.

In certain embodiments, the present disclosure provides a method for enhancing an
immune response against a tumor comprising administering an effective amount of a modulator
of KRAS signaling, s.g., a KRAS aiRNA, as defined herein. In certain embodiments, the
present disclosure provides a method for enhancing an immune response against a tumor
comprising administering an effective amount of a modulator of KRAS signaling, ¢.g., a KRAS
aiRNA, as defined herein, combined with an effective amount of Igenica patent Amplimmune
patent anti-B7-H5 antibody. In certain embodiments, the method is effective at sensitizing
tumor cells to Amplimmune patent anti-B7-HS antibody. In certain embodiments, the methoed
changes {¢.g., enhances) the efficacy of Amplimmune patent antt-B7-H3 éntiimdy. In certain
embodiments, the tumor cells are resistant to treatment with Amplinunune patent anti-B7-HS

antibody alone.

In certain embodiments, the present disclosure provides a method of treating cancer
comprising administering a modulator of KRAS signaling, ¢.g., 8 KRAS aiRNA, wherein the
modelator of KRAS signaling changes (s.g., enhances) the efficacy of a co-administered

therapeutic agent.

In certain embodiments, the change in the efficacy of a therapeutic agent. as a result of
the co-administration of a modulator of KRAS signaling as defined herein, can be svaluated in
subcutaneous tumor animal models at endpoints sach as the percent test/control (.%T/C} tunior
weights calculated on each day that tumors are measured, tamor growth delay, net log cell kill,
median days to a defined tumor weight or to a specified number of tumor doublings, and tumor
regression. In certain embodiments, the lowest caleulated %T/C seen over time can be defined
as the optimal %T/C because it defines the greatest level of activity scen with the therapeutic
agent. The rate and duration of partial and complete tumor regressions can also be considered

to be clinically relevant endpoints.

For example, a T/C = (% means no tumor growth, A T/C = 100% means no antitumor
activity, i.¢., the treated and control tumors grew equally. A T/C equal to or fess than 42% is
considered significant antitumor activity by the Drug Evaluation Branch of the Division of
Cancer Treatment (NCD. A T/C value < 10% is considered o indicate highly significant
antitumor activity, and is the level used by NCI to justify a clinical trial if toxicity, fornulation,

and ceriain other requirements are met (fermed DN- 2 fevel activity).

S8
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In certain embodiments, the present disclosure provides a method of treasting cancer
comprising administering a modulator of KRAS signaling, e.g., a KRAS aiRNA, wherein the
modulator of KRAS signaling changes {e.g., enhances) the efficacy of radiotherapy. In certain
embodiments, a modulator of KRAS signaling, e.g., a KRAS aiRNA, as defined herein, can be
combined with radiotherapy. In certain smbodiments, the method is effective at enhancing‘ths
efficacy of the radiotherapy.

In certain embodiments, the present disclosure provides a method of treating cancer
comprising administering a modulator of KRAS signaling, ¢.g., a KRAS aiRNA, wherein the
modulator of KRAS signaling changes {e.g., enbhances) the efficacy of an anti-angiogenesis
agent. In certain embodiments, a modulator of KRAS signaling, e.3., a KRAS aiRNA, as

defined herein, can be combined with an anti-angiogenesis agent. In cerlain embodiments, the

method is effective at enhancing the efficacy of the anti-angiogenesis agent.

Non-limiting examples of anti-angiogenesis agents include, for example, MMP-2
(matrpi-melaoproteinase 2) inhibitors, MMP-9 (matric-metalloproteinase 9) inhibitors, and
COX- 11 {cyclooxygenase 11} inhibitors, rapamyein, temsirolimous (CCI-779), everolimus
(RADOOLY, sorafenib, sunitinib, and bevacizomab, COXIT inhibitors include but are not

timited to, Celebrex™ (alecoxib), valdecoxib, and rofecoxib.

Examples of useful matrix metalloproteinase inhibitors are deseribed in WO 96/33172,
WO 86/27583, WO 98/07697, WO 98/035 15, WO 98/34918, WO 98/34915, WO 98/33768,
W 98/30566, WO SG/05719, WO 99/32910, WO 99/52885, WO 89/29667, PCT International
Application No. PCTABS8/01113, U.S. Patent Nos. 3,863,949 and 5,861,510, all of which are
incorporated by reference herein in their entiretics for any purpose. Examples of MMFP

inhibitors include, bt are not imited to, AG-3340, RO 32-3555, and RS 13-0830.

In certain embodiments, the present disclosure provides a method of treating cancer
coraprising administering a modulator of KRAS signaling, ¢.g., 38 KRAS aiRNA, wherein the
modulator of KRAS sigﬂaiing changes (¢.g., cnhances) the efficacy of a chemotherapeutic
agent. In certain embodiments, a modulator of KRAS signaling, ¢.g., 3 KRAS aiRNA, as
defined herein, can be combined with a chemotherapeutic agent. In certain embodiments, the
chemotherapeutic agent includes, but not limited to, antimetabolites, antibiotics, alkylating
agents, plant alkaloids, and/or hormonal agents. In certain embodiments, the method is

eifective at enhancing the efficacy of the chemotherapeutic agent.
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Nom-fimiting examples of chemotherapoutic agents (eg., suitable for use

compositions and methods described herein) include, but are not Hmited to:

s alkaloids, including microtubule inhibitors {e.g., vincristine, vinblastine, and vindesine,

ete.), microtubule stabilizers {e.g., pachitaxel (Taxol), and docetaxel (taxoterg), ete.),

h! 'ami chromatin funciion inhibitors, including topoisomerase inhibitors, such as
epipodophyiiotoxing {e.g., cloposide (VP-16), and teniposide (VM-26), etc), and

agenis that target topotsomerase I (e.g., camptothecin and isirinotecan (CPT-11), elc.);

e covalent DNA-binding agents (alkvlating agents), including nitrogen mustards {(e.g.,

' mechlorethamine, chlorambucil, cyclophosphamids, ifosphamide, and busulfan
10 (Myleran), etc.), nitrosoursas {e.g., carmustine, lomustine, and semustine, efc.), and
other alkylating agenis (e.g., dacarbazine, hydroxymethylmelamine, thiotepa, and

puitomycin, &tc.);

s noncovalent DNA-binding agenis (antitumor antibiotics), including nucleic acid
inhibitors (e.g., dactinomycin {actinomyecin D), etc.), anthracyclines {e.g., daunorubicin

15 {daunomycein, and cerubidine), doxorubicin (adriamycin), and idarubicin (idamycin},
etc.), anthracenediones (e.z., anthracycline analogues, such az mitoxantrone, stc.},

bleomyeins (Blenoxane), etc., and plicamyein (muthramyen), ste.

s antimstabolites, including antifolsies {e.g., methotresate, Folex, and Mexate, et}

purine antimetabolites (e.g., 6-mercaptopurine (6-MP, Purinethol), 6-thioguanine (6-

20 TG, azathioprine, acyclovis, ganciclovir, chlorodeoxyadenosine, 2~
chlorodeoxyadenosine (CdA), and 2-deoxycoformycin (pentostatin), etc.), pyrimadine

antagonists  (e.g., fluoropyrimidines (e.g, S-floorowactl  {Admeil), 5-
fluorcdeoxyuridine (FdUrd) (Hoxuridine)) efe), and cylosine arabinosides {e.g.

Cytosar {ara-C) and fludarabing, oic.); 3) enzymes, including L-asparaginase, and

25 hydroxyurea, sie.;
¢ hormones, inchiding glucocorticoids, antiestrogens (e.g., tameoxifen, ste.), nonstercidal
antiandrogens (e.g., flutamide, etc.), and aromatase ishibitors {e.g.. anastrozole
{Arimidex), etc.);
e platinum compounds (e.g., cisplatin and carboplatin, sic.);
30 I certain embodiments, the present disclosure provides a method of treating cancer

comprising administering a modulator of KRAS signaling, ¢.g., a KRAS aiRNA, wherein the
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modulator of KRAS signaling changes (e.g., enhances) the eflicacy of a cancer stermness
inhibitor. In certain embodiments, a modulator of KRAS signaling, e.g., a KRAS aiRNA, as

defined herein, can be combined with, for example, a cancer stemness inhibifor.

As used herein, the term “cancer stemness inhibitor” means a molecule that can target,
reduce, inhibit, interfere with, or modulate at least one of a plurality of pathways involved in
cancer stemness or the expression (e.g., the production of a functional product, ¢.g., a protein)

of at least one of a plurality of cancer stemness genes,

In certain embodiments, a cancer stemness inhibitor can be, for example, a small
molecule that sclectively binds a protein encoded by a cancer stemnoss gene. In certain
embhodiments, a cancer stemmess inhibitor is a biologic, ¢.g., a recombinant binding protein or
peptide (e.g. APTSTAT3) or nucleic acid (e.g. STAT3 aiRNA; see U.S. Patent No. 9,328,345,
the content of which is incorporated by reference hercin in its entirety for any purpose), or
conjugate thereof. In certain embodiments, a cancer stemness inhibitor is a cell. In certain
cmbodiments, a cancer stemness inhibitor is a STAT3 inhibitor that binds to and inhibits a
biological activity of STAT3. In certain embodiments, STAT3 refers to mammalian STATS,
In certain embodiments, STAT3 refers to the human "Signal Transducer and Activator of
Transcription 3" having a canonical 770 amino acid sequence {Accession No: P40763-1;

NP 644805.1). STAT3, as used herein, includes pSTAT3 or pSTAT3 dimer.

In certain embodiments, 2 modulator of KRAS signaling, ¢.g., a KRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stemness inhibitor. In cerfain
gmbodiments, a cancer stemness inhibitor can be, for example, a compound chosen from 2-{1-
hydroxyethyl)-naphtho[2,3-blfuran-4,9-dione, 2-acetyl-7T-chloro-naphthol 2,3-bHfuran-4,5-
dione, Z-acelyl-7-flucro-naphihof2,3-blfuran-4,9-dione,  2-acetylnaphihof2,3-bluran-4.9-
dione, or Z-cthyl-naphtho[2,3-bjfuran-4,9-dione, prodrugs theorcof, derivalives thereof,

pharmaceutically acceptable salis of any of the foregoing, and solvates of any of the foregoing.

In certain embodiments, a modulator of KRAS signaling, ¢.g., 2 KRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stemmess gene inhibitor chosen

from compounds having formula A, shown below,

102



i

2

g

(¥4

0

L

WO 2018/098352 PCT/US2017/063116

or prodrugs, derivatives, pharmaceutically acceptable salts or solvates thereof,

The compound having formala A may also be known as ’Qmacciyimphihu[zﬁ-bjfuranz-
4,9-dione, napabucasin, or BRISOS and include tautomers thereof. In certain embodiments, the
present disclosure provides a method of treating cancer comprising administering a modulator
of KRAS signaling, e.g., a KRAS aiRNA, wherein the modulator of KRAS signaling changes
{e.g., enhances) the efficacy of Z-acetyhaphtho{2,3-blfuran-4,%-dione.

Norlinifing cxamples of prodrugs of compounds having formula A include, for
cxample, the phosphoric esters and phosphoric diesters deseribed in ULS. pre-grant Publication
No. 201241252763 as compound numbers 4011 and 4012 and also suitable compounds
degeribed in U8, Patent No. 9,150,530, Non-limiting sxamples of derivatives of compounds
having formula A nclude, for example, the derivatives disclosed in U.S. Patent No. 8,977,403,
The disclosures of 1.8, pre-grant Publication No. 2012/02352763 and U.S. Patent Nos.
9,150,530 and 8,977,803 arc incorporated by refercnce herein in their entireties for amy
purpose.

- Suitahle methods of preparing 2-acetyinaphtho[2 3-blfuran-4,%-dione, including its
crystalline forres and additional cancer stemness inhibitors, are described in the co-owned PCT
applications published as WO 2009/036099, WO 2009/036101, WO 2011/116398, WO
2011/116399, and WO 2014/169078;, the contents of sach of these applications are
incorporated by reference herein by reference in their entiretics for any purpose.

In certain embodiments, a modulator of KRAS signaling, c.g., a KRAS aiRNA, as
defined herein, can be combined with, for example, atovaquone, a hydroxy naphthoguinons

having the structure of
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or prodrugs, derivatives, pharmaceutically accepiable salis or silvates thereof.

In certain embodiments, atovaquone can dowmregulate cell-surface expression of
glycoprotein 130 {gp130), which is required for the activation of the cancer stemness gene,
STATS3 {see, for example, WO 2015050844 Al, the content of which is hersby incorporated

by reference in its entirety for any purpose).

In certain embodiments, 3 modulator of KRAS signaling, e.g., a KRAS aiRNA, as
defined herein, can be combined with an RNA interfering agent that targels a cancer stemmness
gene, e.g. STAT3 aiRNA. US. Patent No. 9,328,343 provides exemplary asymmetric
interfering RNA duplexes (aiRNA) and uses thereof to silence STAT3 expression and treat
cancer. The disclosure of U.S. Patent Mo, 9,328,345 is hereby incorporated by reference herein
it ite entivety for any purpose In certain embodiments, the present disclosurs provides a method
of treating cancer comprising administering a modulator of KRAS signaling, e.g., a KRAS
2iRNA, wherein the modulator of KRAS signaling changes (2.g., enhances) the efficacy of a

STAT3 aiRNAL

In certain embodiments, a modulator of KRAS signaling, ¢.g, a KRAS ailRNA, as
defined herein, can be combined with Z-acetyinaphtho[2,3-blfuran-4,9-dione that targets the
cancer sternness gene, e.g. STAT3. In certain embodiments, the present disclosure provides a
method of treating cancer comprising aduunisiering 3 modulator of KRAS signaling, e.g., a
KRAS aiRNA, in combination with Z-acetylnaphtho[2,3-bjfuran-4,9-dione wherein the
modulator of KRAS signaling changes (¢.g., enhances} the efficacy of Z-acetylnaphthof2,3-

bifuran-4,9-dione.

In certain embodiments, a modulator of KRAS signaling, e.g., a KRAS aiRMNA, as
defined herein, can be combined with atovaguone that downregulates cell-surface expression
of glycoprotetn 130 {(gp130), which is required for the activation of the cancar stomnoss gene,
STATS. In cerisin embodiments, the present disclosure provides a method of treating cancer
comprising administering 2 modulator of KRAS signaling, ¢.g., 2a KRAS aiRNA, wherein the

modulator of KRAS signaling changes {¢.g., enhances) the efficacy of atovaquone.

In certain embodiments, a2 modulator of KRAS signaling, ¢.g., a KRAS aikKNA, as
defined herein, can be combined with, for example, an inhibitor of a cancer stem cell pathway

kinase (CSCPK) such as for example, STK33, MELK, AXL, p70S6K, and PDGFRa.
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In ceriain embodiments, an inhibitor of a cancer stom cell pathway kinase (CSCPK)
can be, for example, an inhibitor, and derivatives thereof, that inhibit STK33, disclosed in U.S.

Patent Neo. 9,187,454, which is hereby enclosed herein by s entirsty for any purpose

In ceriain embodiments, a modulator of KRAS signaling, .g., a KRAS aiRNA, as
defined herein, can be combined with, for example, an aiRNA that targels one or more cancer
stem cell pathway kinases (CSCPK). In certain embodiments, the present disclosure provides
a method of treating cancer comprising administering a modulator of KRAS signaling, e.g., a
KRAS aiRNA, wherein the modulator of KIRAS signaling changes (¢.g., enhances) the efficacy
of a CSCPR.

In certain embodiments, a modulator of KRAS signaling, ¢.g., a KRAS aiRNA, as
defined hersin, can be combined with, for example, 3 cancer stem cell pathway kinase aiRNA
that targets STK33. In cerfain embodiments, the present disclosure provides a method of
treating cancer cornprising admunistering a modulator of KRAS signaling, e.g, a KRAS
aiRNA, wherein the modulator of KRAS signaling changes (¢.g., enhances) the efficacy of a

cancer stem cell pathway kinase aiRMNA that targets 3TK33.

In certain embodiments, a modulator of KRAS signaling, e.g., 2 KRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stemn cell pathway kinase aiRNA
that targets MELK. In certain embodiments, the present disclosure provides a method of
treating cancer comprising administering a modulator of KRAS signaling, .5, a KRAS
aiRNA, wherein the modulator of KRAS signaling changes {¢.g., enhances) the efficacy of a

cancer stem cell pathway kinase aiRNA that targets MELEKL

In ceriain embodiments, a modulator of KRAS signaling, ¢.g., a KRAS atRNA, as
defined herein, can be combined with, for example, 2 cancer stem cell pathway kinase aiRNA
that targets AXL. In certain embodiments, the present disclosure provides a method of treating
cancer comprising administering s modulator of KRAS signaling, e.g., a3 KRAS aiRNA,
wherein the modulator of KRAS signaling changes (e.g., enhances) the efficacy of a cancer
stem cell pathway kinase aiRNA that targets AXL.

in certain embodiments, a modulator of KRAS signaling, c.g., a KRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stem coll pathway kinase aiRNA
that largets p7086K. In certain embodiments, the present disclosure provides a method of

treating cancer comprising administering a modulator of KRAS signaling, s.g., a KRAS
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aiRNA, wherein the modulator of KRAS signaling changes (e.g., enhances) the efficacy of a

cancer stem cell pathway kinase aiRNA that targets pTOS6K.

In certain embodiments, a modalator of KRAS signaling, e.g., a KRAS aiRNA, a5
defined herein, can be combined with, for example, a cancer stem cell pathway kinase ailRNA
that targets PDGEFR. In certain embodiments, the present disclosure provides a method of
treating cancer comprising administering a modulator of KRAS sipnaling, .3, a KRAS
aiRMNA, whersin the modulator of KRAS signaling changes (e.g., enhances) the efficacy of a

cancer stem celf pathway kinase aiRNA that targets PDGFR.

In certain embodiments, a modulator of KRAS signaling, ¢z, 3 KRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stem cell pathway kinase aiRNA
that targets NANOG. In cerfain embodiments, the present disclosure provides a method of
treating cancer comprising adminisiering a modulator of KRAS signaling, 6.2, a KRAS
aiRNA, wherein the modulator of KRAS signaling changes (e.g., enhances) the efficacy of a
cancer stem cell pathway kinase atRNA that targets NANOG.

In certain embodiments, a modulator of KRAS signaling, e.g., a KRRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stem cell pathway kinase inhibitor
mcluding, but not Hwdted to, compounds, or derivatives thereof, disclosed m ULS. Patent Ne.
8,299,106 and PCT Patent Application Publication No. W(02014160461. The disclosures of
U.5. Patent No. 8,299,106 and PCT Patent Application Publication No. WO2014160401 are

incorporated by reference herein by reference in their entireties for any purpose.
T certain embodiments, a modulator of KRAS signaling, e.g, a KRAS aiRNA, as
defined herein, can be combined with, for example, a cancer stem cell pathway kinase inhibitor

chosen from compounds having formula B, shown below,

(B

or prodrogs, derivatives, pharmaceutically acceptable salis or solvates thereof.
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The present disclosure reports on the surprising discovery that a reatment combination
of at least one modulator of KRAS signaling and a therapeutic agent have a greater effect in
inhibiting cancer cells than the added effects of both the at least one modulator of KRAS

signaling and the at least one therapeutic agent alone.

The present disclosure reports on the surprising discovery that a treatment combination
of at least one modulator of KRAS signaling and an immuns checkpoint inhibitor have a greater
effect in inhibiting cancer cells than the added effects of both the at least one modulator of

KRAS signaling and the at least one imxun@'check@}mt inhibifor alone.

The present disclosure reports on the surprising discovery that 2 treatment combination
of at least one modulator of KRAS signaling and an immunotherapeutic agent have a greater
effect in inhibiting cancer cells than the added effects of both the at least one medulator of

KRAS signaling and the at least one immunotherapeutic agent alone.

The present disclosure reports on the surprising discovery that a treatment combination
of at lcast one modulator of KRAS signaling and at least one cancer stemnoess inhibitor have a
groater effect in inhibiting cancer cells than the added effects of both the at lsast one modulator

of KRAS signaling and the at Ieast one cancer stemness inhibitor alone.

The present disclosure reports on the surprising discovery that a treatrent combination
of at least one modulator of KRAS signaling and at least one cancer stem cell pathway kinase
inhibitor have a greater effect in inhibiting cancer cells than the added cffects of both the at
least one modulator of KRAS signaling and the at least one cancer stem cell pathway kinase
inhibitor alone.

The compositions disclosed herein may be in the form of 3 pharmaceutical composition.
The present disclosure further provides for a pharmaceutical composition comprising an RNA
interfering agent, e.g. an aiRNA. The pharmaceutical comprises (as an active agent) at least
one RNA interfering agent, ¢.g, an asymmetrical duplex RNA molecule. In certain
embodiments, the pharmaceutical compositions mav comprise a modulator of KR AS signaling,
g.g.a KRAS aiRNA, and at least one immunotherapeutic agent. In certain smbodiments, the
pharmaceutical compositions may comprise a2 modalator of KRAS signaling, e.g. a KRAS
aiRINA, and at least one immune checkpoint inhibitor. In certain embodiments, the
pharmaceutical compositions may comprise a modulator of KRAS signaling, e.g. a KRAS

aiRNA, and at least one cancer stemmess inhibitor. In cerfain embodiments, the pharmaceutical
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composilions may comprise a modulator of KRAS signaling, e.g. a KRAS aiRNA, and al least

one cancer stem cell pathway kinase (CSCPK) inhibitor,

In certain embodiments, the pharmacentical compositions may comprise a modulator
of KRAS signaling, c.g. a KRAS aiRNA, and one or more compounds and at least one
pharmaceutically acceptable carrier, where the one or more compounds are capable of being
converted into the at least one therapeutic agent, for example, a cancer stemness inhibitor in a
subject, a cancer stem cell pathway kinase (CSCPK) in a subject or an immunotherapeutic

agent in a subject (i.¢., a prodrag).

In some embodiments, the pharmaceutical composition comprises one or mors carriers
selecied from the group consisting of a pharmaceutical carier, a positive-charge carrier, a
liposome, a protein carrier, & polymer, a nanoparticle, 3 nancemulsion, a lipid, and 2 hipoid. In
some embodiments, the composition may comprise more than RNA interfering agent species
for therapeutic applications. In certain embodiments, the RNA interfering agent species may
target different genes required for cancer initiation and progression chossn from, for example,
a medulator of KRAS signaling as disclosed herein, in combination with RNA inferfering
agent{s) that target one or more cancer sfomness genes and/or cancer stera cell kinase as

dizclosed herein.

The pharmaceutical compositions and formulations of the present disclosure can be the
same of similar to the pharmaceutical compositions and formulations developed for siRNA,
miRNA, and antisense RNA, except for the RN A ingredient. For example, the siRNA, miRNA,
and antisense RINA in the pharmaceutical compositions and formulations can be replaced by
the 23iRNA molecules of the present disclosure. The pharmaceutical compositions and
formulations can also be {urther modified o accommodale the RNA interfering agent, e.g

aiRNA, of the present disclosurc.

A “pharmaceutically acceptable sali™ or “salt” of an RNA interfering agent, e.g. aiRNA,
is 3 product of the disclosed RNA interfering agent that contains an tonic bond, and is typically
produced by reacting the disclosed RNA interfering agent with either an acid or a base, suitable
for administering to a subject. Pharmaceutically acceptable salt can include, but is not limited
to, acid addition salts including hydrochlorides, hydrobromides, phospﬁatas? sulphates,
hydrogen sulphates, alkylsulphonates, arylsulphonates, acetates, benzoates, citrates, maleates,
fumarates, succinates, lactates, and tartrates; alkali metal cations such as Na, K| L1, alkali carth

metal salts such as Mg or Ca, or organic amine salts.
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A “pharmaceutical composition” 1s a2 formulation containing the disclosed RNA
interfering agent, c.g. aiBNA, in a form suitable for administration to a subject. In one
embodiment, the pharmaceutical composition is in bulk or in unit dosage form. The unit dosage
form is any of a variety of forms, including, for example, a capsule, an IV bag, a tablet, a single
pump on an aerosol inhaler, or a vial. The quantity of active ingredient {e.g., a formulation of
the disclosed duplex RNA molecule or salts thereof) in 2 unit dose of composition is an
effective amount and is varied according to the particular treatment involved. One skilled in
the art will appreciate that it is sometimes necessary to make rootine variations lo the dogage
depending on the age and condition of the patient. The dosage will also depend on the route of
administration. A variety of routes are contemplated, including oral, pulmonary, rectal
parenteral, transdermal, subcutaneous, intravenous, intramuscular, intraperitoneal, intranasal,
and the like. Dosage forms for the topical or transdermal administration of a RNA interfering
agent, e.g. aiRNA, of this disclosure include powders, sprays, ointments, pastes, creams,
lotions, gels, solutions, patches and inhalants. In one embodiment, the active RNA interfering
agent, e.g. aiRNA, is mixed vnder sterile conditions with a pharmaceutically acceptable camier,

and with any preservatives, buffers, or propellants that are required.

The present disclosure provides a method of treatment comprising administering an
effective amount of the pharmaceutical composition to a subject in need thereof. In some
embodiments, the pharmaceutical composition is administered via a route selected from the

group consisting of v, sc, topical, po, and ip. In another smbodiment, the effective amount is

‘1ngto 1 gperday, 100 ngto 1 g per day, or 1 ugto 1mg per day.

The present disclosure also provides pharmaceutical formulations comprising a2 RNA

inlerfering agent, c.g. aiRNA, of the present disclosure in combination with at leasi one

- pharmaceutically acceptable excipient or carrier. As used herein, “pharmaceutically acceptable

excipient” or “pharmaceutically acceptable cartier™ is intended to include any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like, compatible with pharmaceutical administration. Suitable carriers
are described in “Remington: The Science and Practice of Pharmacy, Twenticth Edition,”
Lippincott Williams & Wilkins, Philadelphia, PA., which is incorporated by reference herein
by reference. Examples of such carriers or diluents include, but are not limited to, water, saline,
Ringer's solutions, dextrose solution, and 3% human serum albumin. Liposomes and non-
aqueous vehicles such as fized oils'may also be used. The use of such media and agents for

pharmaceutically active substances is well known in the ast. Except insofar as any conventional
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media or agent is incompatible with the active RNA interfering agenl, e.g. aiRNA, use thereof
in the compositions is contemplated. Supplementary active RNA interfering agents, e.g.

aiRMAs, can also be incorporated inte the compositions,

An BNA interforing agent, e.p. aiRNA, of the present disclosure is administered in 3
suilable dosage form prepared by combining a therapestically offective amount fe.g., an
efficacious level sufficient to achieve the desired therapeutic effect through inhabition of tumor
growth, killing of tumor cells, treatment or prevention of cell proliferative disorders, et of a
RNA interfering agent, e.g. aiRNA, of the present disclosure {as an active ingredient) with
standard pharnmceuﬁicéi carriers or diluenis according to conventional procedures {i.e., by
producing a pharmaceutical composition of the disclosure). These procedurss may mvolve
mixing, gramulating, compressing, or dissolving the ingredients as appropriate to atiain the
desired preparation. In another embodiment, a therapeutically effective amount of a RNA
interfering agent, o.g. aiRNA, of the prosent disclosure iv administered in a suitable dosage

form without standard pharmaceutical carrers or diluents.

Pharmaceutically acceptable carriers include solid carriers such as lactose, terra alba,
sucrose, tale, gelating agar, pectin, acacia, magnesium stearate, stearic acid and the like.
Exemplary Hquid carders include syrup, peanut oil, olive oil, water and the like. Similarly, the
carrier or difuent may include time-delay material known in the art, such as glyceryl
monostearate  or  glyceryl  distoarate, alone or  with a3  wax, ethyleellulose,
hydroxypropyhnethyleelluloge, methylmethacrylate or the likes Other fllers, excipicnts,
flavorants, and other additives such as are known in the at may also be included in a

pharmaceutical composition according to this disclosure.

The term “solvale’” reprosents an aggregaie thal comprises one or more molecules of 4
compound of the present disclosure with one or more meolccules of a solvent or solvents.

Solvates of the compounds of the present disclosure include, for example, hydrates.

The pharmaceutical compositions containing active RNA interfering agent, e.g. aiRNA,
of the present disclosure may be manufactured in a manner that is generally known, e.g., by
means of conventional muxing, dissolving, granulating, drages-making, levigating,
emulsitfying, encapsulating, entrapping, or lyophilizing processes. Pharmaceutical
compositions may be formulated in a conventional manner using ong or more physiologically

acceptable carders comprising excipients and/or auxiliarics which facilifate processing of the
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active duplex RNA molecules inlo preparations thal can be used pharmaceutically. Of course,

the appropriate formulation is dependent upon the rouie of administration chosen.

AnRNA interfering agent, e.g. aiRNA, or pharmaceutical composition of the disclosure
can be administered to a subject in many of the well-known methods cwrently used for
chemotherapeutic treatment. For example, for treatment of cancers, 2 RNA interfering agent,
e.g. aiRNA, of the present disclosure may be injected directly into tumors, injected info the

blood stream or body cavities, taken orally, or applisd through the skin with patches.

In certain embodiments, aiRNA nanoparticles may be formulated in dosage unit form
for ease of administration and uniformity of dosage. The expression “dosage unit form™ as used
herein refers to a physically discrete unit of nanoparticle appropriate for the patient to be
treated. It will be understood, however, that the total daily usage of the compositions of the
present disclosure will be decided by the attending physician within the scope of sound medical
judgment. For any nanoparticle, the therapeutically effective duse can be cstimated initially
cither in cell culture assays or in animal models, usually mice, rabbits, dogs, or pigs. The antmal
model is alvo used to achieve a desirable concentration rangs and route of administration. Such
information can then be used to determine useful doses and routes for administration in

humans. Therapeutic efficacy and toxicity of nanoparticles can be determined by standard

pharmaceutical proceduras in cell cultures or experimental animals, e.g., ED50 (the dose is

therapeutically effective in S0% of the population) and LDS0 {the dose is lethal to 30% of the
population). The dose ratic of toxtic to therapeutic effscts is the therapeutic index, and it can be
expressed as the ratio, LD5O/EDSO. Pharmaceutical compositions which extubit large
therapeutic indices may be useful in some embodiments. The data obtained from cell culture
assays and apimal studies can be used in formulating a range of dosage for hurnan use.
Compositions suitable for paronteral administration may comprise at least one more
pharmaceuticéiiy acceptable sterile isotonic aguecous or non-aquecus solutions, dispersions,
suspensions, emulsions, or sterile powders which may be reconstiteted into sterile injectable
solutiony or dispersions just prior to use, which may contain antioxidants, baffers, bacteriostats,
solutes which render the formulation isotonic with the blood of the intended recipient or

suspending or thickening agents.

When ## vivo administration of the polypeptides or antibodies described herein are used,
normal dosage amounts may vary from about 10 ng/kg up to about 100 mg/kg of mammal body

weight or more per day, preferably about 1 mgkg/day to 10 mg'kg/day, depending upon the
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route of administration. Guidance as Lo parbicular dosages and methods of delivery is provided
in the Bierature; sse, for example, U.S. Pat. No. 4,657,760, 5,206,344; or 5,225,212, the

contents of which are hereby incorporated by reference herein in its entireties for any purpose.

In various embodimenis, a composition described hercin includes at least one
compound and pharmaceutically sceeptable salts and solvates th@rvot and one or more
surfactants. In cerfain embodiments, the surfactant is sodivm lauryl sulfate (SLS), sodium
dodecyl sulfate (SDS), or one or more polvoxylglycerides. For example, the polyvoxylglyceride
can be lauroyl polvoxviglycerides (sometimes referred to as Gelucire™) or linoleoyl
polvoxylglycerides (sometimes referred to as Labrafil ™), Examples of such compositions are
disclosed in PCT Patent Application No. PCT/US2014/033366, the content of wiich is

mcarporated by reference hergin in is entivety for any purpose.

The present disclosure provides further embodiments of suitable pharmaceutical
formulations having selecled particle size distribution and methods for identdfying an optisim
particle size distribution, stitable drug regireen, dosage and interval, suitable methods of
preparing 2-acetylnaphthof2,3-blfuran-4,9-dione including their crystalline forms, and further
specific suitable cancer stenmess inhibitors and kinase inhibitors as described in the co-owned
PCT applications published as WO 2009/036099, WO 2009/336101, WO 2011/116398, WO
2011/116399, WO 2014/169078, and WO 2009/033033, the contents of which are hereby

mw;poratcd by reference herein in their entireties for any purpose.

In certain embodiments, a kit is disclosed that comprises (1) at least one compound

" chosen from a modulator of KRAS signaling and (2) an impwine checkpoint inbibitor, an

immunotherapeutic, a chemotherapeutic agent, a cancer stemness inhibitor, a cancer stem cell
pathway kinase imhibitor or prodrugs therool] derivatives thereof, pharmaceuntically acceptable
salts of any of the foregoing, logether with instructions for adnunistration and/or usc.
EXAMPLES
Examplos are provided below to further illusirate different features of the present
disciosure. The examples also ilhustrate usefiul methodology for practicing the disclosure, Thess
examples do not limit the claimed discloswre.

EXAMPLE 1: KRAS SILENCING IS SUFFICIENT TO DEPLETE PD-11
EXPRESSION IN KRAS MUTANT CELLS
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Asymmeiric inlerforing RNA (aiRNA) silences target genes potently and specifically
with minirnal off-target effecls. aiRNAs targeting KRAS were therefore ased to determine the
effects of KRAS depletion on PD-L1 expression in KRAS mutant MDA-MB-231 cells

expressing eadogenous PO-L 1

aiRNAs were first synthesized in DMT-on mode. Following completion of the
synthesis, the solid support was suspended in 600 pl EtOH/NHOH solution (prepared by
mixing 1 volume of 200 proof cthane! with 3 volumes of 28% NH«OH) and heated at 535 °C
for 2 hours. After primary de~protection, TIOIVNILOI was evaporated and the RNA aligo
was dried to a pellet. 100pt of RNA de-protection solution (WMP/TEA.3HF (3:2}) was added
and the s;uiutian was heated at 65 °C for 1.5 howurs. The reaction was thon quenched with 400
ul of 1.5 M anmumonium bicarbonate. Purification was performed with Clanty® QSP Cartridges
{Phenomenex, USA). The annealing of the resulting duplexes was confirmed on 153% PAGE
gel. All sequences are shown in FIG. 1A, The location of each of the sequences targeted by

a1KRAS is shown tn FIG. 1R,

The human breast adenocarcinoma cell line, MDA-MB-231, that is heterozygous for
the KRAS (13D mutation, was obtained from ATCC (ATCC® CRM-HTB-26™H and
mainiained in DMEM supplemented with 10% (vol/vol} FBS {Gemini Bio Products, USA) and

1% penicillin/streptomycin {(Life Technologies, USA}

MDA-MB-231 cells were then transfected with multiple aiRNAs targsting KRAS
{aiKRAS#1-#4). Cells were sceded to 60mm plates (2 x 10° cells/4 mL/well). aiRNA was
transfzcted by Lipofectamine® RNAMAX (Thermo TFisher, USA) according to the
manufacturer’s protocol. asiRNA and RNAIMAX were incubated for 20 min in serum free
OPTI-MEM (Thermo Fisher, USA}, then added to the cells along with culture medium. 48
hours after transfection, cells were harvested ﬁsing Acculase® cell detachment sobution (Sigma
Aldrich, USA). Scrambled aiRNA was used as a control, The amount of PD-L1, KRAS and

actin protein was then determined by Western blot analysis,

The cells were washed twice with ice cold PBS and lysed in lysis buffer [50 mdM Hepes
(pH 7.5), 19 Nonidet P-40, 130 mM NaCl, I mM EDTA, and Ix protease inhibitor mixturs
(EMD Millipore, USA). Soluble protein (20 pug) was separated by SDS/PAGE and transferved
to PVDF membranes and probed with commercially available antibodies specific for actin

{(Sigma Aldrich, TTSA), KRAS and PIALT (Santa Cruz Bicotechnology, Inc., USA).

113



10

15

20

25

WO 2018/098352 . PCT/US2017/063116

As shown in FIG. 2A, transfection of the KRAS aiRNAs resulied in a marked reduclion
in the amount of PD-L.1 even at concentration of 100pM (Fig. 1A} ‘

The amount of KRAS and PD-L1 mRNA in the aiKRAS RNA transfected cells was
then detormined by quantitative RT-PCR. Cells transfected with aiKRAS# 1-#4 or scrambled
cantrol aiRNA, as described above, were seeded in six-well plates with caliure media. Al the
appropriate time points, cells were harvested and RNA extracted using the StroplyRNA kit
{(Promega, USA) according the manafacturer’s protocol. Reverse transcription was performed
on g of RNA from each sample using the GoScript reverse transcription kit {Promega, USA).
Real-time PCR was carried oot using the R12 gPCR Primer Assays (3ABiosciences, USA)
except for KRAS. Primers of KRAS wers synthesized by Integrated DINA Technologies, USA
KRAS primer sequences were as follows: $"-CCTACTAGGACCATAGGTACATCT-3” (SEQ
ID NO.: 982) and 57-AGGGCTTTCTTTGTGTATITGC-3” (SEQ I NO.: 983). Genes of

interest were normalized to the expression of B-2-microglobulin (B2M).

As shown in FIG. 2B, the level of PD-L1 mRNA was also down-regulated by KRAS
silencing with aiKRAS RNAs 1-4. These results suggested that KRAS silencing down-
regulated PD-L1 expression in a trapsoription factor dependent manner. Time course
guperiments showed that aiRNA mediated KRAS silencing was induced very quickly and
reached maximum activity § hours post-transfection wherecas PIRL1 was down-regulated only
after 32 hours post-transfection (Fig. 2C) suggesting the presence of intermediate steps between

KRAS silencing and the subsequent reduction in PD-L1 mRNA levels.

To investigate the dependency of PD-L1 downregulation on KRAS mutation status,
three KRAS mutant cancer cell lines (H358, H460, and H2009) and two KRAS wiid~typ@
cancer cell lines (RKO and TCCSUP) were transfected with aiKRASH T or aiControl (FIG. 2D).
As observed carlior in MDA-MB-231 cells, PD-L1 cxprossion was down-regolated with KRAS
depletion in KRAS mutant cancer cells at both the protein and mRNA level (Fig. 2D and Fig.
2E). In contrast, PD-L1 expression protein sxpression in KRAS wild-type cancer cells was not
altered, even though KRAS was potently silenced by aiRNA (Fig. 2D and 2E). Thus oncogenic
KRAS mutant but not wild-type KRAS is essential to maintain PD-L1 expression in KRAS

mutant cancer celis,

EXAMPLE 2: KRAS MAINTAINS PD-L1 EXPRESSION THROUGH
ENDOGENOUSLY ACTIVATED MEK/ERK PATIIWAY

114



10

28

"WO 2018/098352 ) PCT/US2017/063116

Mutant KRAS activales various down-stream signaling pathways including the

RAFMEK/ERK pathway, the PI3K/AKT pathway, and the RalGTP pathway. To determine

- the effect of KRAS depletion on downstream signaling events, aiKRAS or aiControl

transfected KRAS mutant MDA-MEB-231 and KRAS wild-type RKO cells were washed twice
with ice cold PBRS and lysed in bysis boffer {30 mM Hepes (pH 7.5), 1% Nomidet P-40, 150
mM NaCl, 1 mM EDTA, and 1x protsase inhibilor mixiure (EMD Millipore, US A} Soluble
protoin was then probed using » Human Phospho-Kinase Antibody Arvay according to the
manufacturer's instinctions (R&D Systemy; Catalog # ARYO03B). Among the anii-
phosphokinase antibodies spotied on the array, phosphorylated ERK1/2 was most prominenily
down~regulated with KRAS depletion 10 KRAS mutant MDA-MB-231 cells but not in KRAS
wild-{ype RKO cells (Fig. 3A}.

To confirm the offoct of KRAS silencing on the RAF/MEK/ERK pathway, the
phosphorylation state of MEK/ERK was determined by Western blot. Soluble protein (20 ug)
from atKRAS or aiControl transfected KRAS mutant MIDA-MB-231 and XRAS wild-type
RKO eell fysates was separated by SDS/PAGE and transferred to PVDY membranes and
probed with actin (Sigma Aldrich, USA} KRAS (Santa Cruz Bictechnology, Inc., USA),
Phospho-MEK1/2, MEK1/2, Phospho-pdd/42 MAPK (Trk1/2), pdd/42 MAPK (Erkl/2)
anttbodies (Cell Signaling Technology, Inc,, USA). As shown in FIG. 44, KRAS silencing
downregulated the phosphoryiation of both MEK and ERK only in KRAS mutant MDA-MB-
231 cells but not in RKO cells.

To explore further the role of the RAF/MEK/ERX pathway on PI-L1 expression,
KRAS matant MDA-MB-231 cells were treated with the MEK-specific mhibitor, U0126.
Similar to aiKRAS, UG126 also down-regulated PD-L1 expression in MDA-MB-231 cells and
inhibited ERK phosphorylation (Fig. 48). These results indicate the ERK paﬁlway is involved
in KRAS dependent PD-L1 oxpression in KRAS mutant cancer cells.

EXAMPLE 3: KRAS MAINTAINS PD-L1 EXPRESSION THROUGH
ENDOGENQOUSLY ACTIVATED APl
ELISA based detection of AP-I transcription factor activation

The down-regulation of PD-L1 mRNA levels by KRAS silencing suggested that PD-
L1 expression levels were mainfained by a transeriptional factor regulated by mutant KRAS.

Among the transcriptional factors regulated by RAS and ERK, one of the most well sindied
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iranscriptional factors is Activator protein I (AP-1). The AP-1 transcriplional factor is formed
by either the homo~dimerization of a Jun family protein {cJun, JunB, or Juni}} or by the more -
stable hetero-dimerization of a Jun family protein with a Fos family protein (¢FOS, FGSB,
FRA-1, or FRA-2). In RAS activated cells, the accummlation of stabii?zad FRA-1 was reported
to be dependent on phosphorylation by ERKVZ.

To investipate the effect of KRAS deplstion on FRA-1 expression, ai-KRASFL was
transfected into KR AS mutant cancer cell ines (MDA-MB-231, H338, and H460) and a KRAS
wild-type cancer cell line (RKO), Immuncblotting analysis with a Phospho-FRA-1 and FRA-
1 antibody (Cell Signaling Technology, Inc., USA) showed that KRAS depletion down-
regulated the phosphorylated and total forms of FRA-1 in MDA-MB-231, H338, and H460
cells harboring KRAS mutations bot not in KRAS wild-type RKO cells (Fig. 5A). This result
confirroed that FRA-1 is 2 KRAS dependent transcriptional factor as reported proviously by

Casalino ef gf. (2003).

The effect of KRAS silencing on DNA binding activity of FRA-1 was then quantified
by ELISA using the Trans-AM AP-1 transcription factor assay (Active Motif, USA). Nuclear
extract was prepared with NE-PER® Nuclear and Cytoplasmic Extraction Reagents (Thermo
Fisher, USA). Sug of nuclear extracts were incubated with coated immobilized
oligonucleotides containing a 12-O«tetradecanoylphorbol-13-acetate {TPA) response element
(TRE} with the 57-TGA(C/G) TCA-3” {SEQ IIX NO.: 984} sequence. To ensure the specificity
of the assay, 20pM of consensus cligonucleotides were incubated in parallel as competition

experiments.

As shown tn FIG. 5B, KRAS silencing reduced the endogenous FR A~ 1 binding activity
in KRAS mutant MDA-MB-231 cells but not in KRAS wild-type RKO cells. This result was
consistent with the observed downercgulation of FRA-1 cupression by KRAS silencing in

KRAS mutant cells (Fig. 4A}.

Intron 1 of the PD-L1 gene, located approximately Skb downstream from the
transcription start site, contains a conserved candidate enhancer slement with putaiive AP1
binding sites. ‘I'o defermine if FRA-1 could bind to the putative PIXL1 enhancer in a KRAS
dependent manner, a chromatin immunoprecipitation (ChiP) quantified PCR. assay was
performed in the presence of anti-phospho-Fra-1 or clun antibody using SimpleChiP®
Enzymatic Chromatin [P Kit {Cell signaling Technologies, USA} according to the

manufacturer’s protocol. aiRNA transfected MIDA-MB-231 cells were cross-linked by
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t.realm@;ﬁ with 1% formaldehyde in culture medium for 10min al room lemperature. Afler
washing with cold PBS, nuclear pellets were prepared by treating the cells with Buffers A and
B. The nuclear pellets were then suspended in buffer B and treated with SDS buffer and
micrococcal muclease to digest chromatin for 20 min at 37°C. Cell suspensions were then
sonicated to elute nuclear chromosomal content in preparation for immuncprecipitation. 2 pug
gach of Phospho-FRA-1 and clun were incubated with the lysale overmight al 4°C
Immunocomplexes weore collected with magnetic protein A beads and eluted after extensive
washing. Cross-finkage was reversed by heating the solution at 65°C with NaCl and proteinase
K. DNA was purified and used as the tomplate for quantitative PCR to amplify the region
mcluding  the AP-1  binding site.  The primer pairs  used  were 5-
GTCACATTTCAAGCAGGATGACTA-3>  (S8EQ  ID NO.:  985) and 3°-
GGAAGGGGAGAGAG TTGGATT-3" (SEQ ID NO.; 986). Quantitative PCR was performed

as described in Example 1

As shown i FIG. 5C (left side), both FRA-1 and ¢JUN were recruited to candidate PD-
L1 enhancer sites in MIDA-MB-231 cells. Binding of FRA-1 and ¢JUN to the PD-L1 enhancer
decreased with KRAS depletion. In contrast, as with PD-L1 genc expression, FRA-{ and ¢JUN
binding to the PD-L1 enhancer was not altered by KRAS depletion in KRAS wild-type RKQ
cells (Fig. 3C, right side). '

To determine the effect of FRA-1 silencing on PINL1 expression, aiFra-1#1, ailra-1#2
{see FIG. 1A) were transfected into KRAS mutant MDA-MB-231 and KRAS wild-type RKQO
cells. Immunoblotting and quantitative RT-PCR confirmed that transfection of aiFra=1#1 or #2
resulted in depletion of FRA~1 protein and mRNA (FIG. 6 A and 6B). Moreover, knockdown
of FRA-1 also resulied in a marked down-regulation of PD-L1 protein and mRNA exprossion

(Fig. 6A and 6B).

STAT3 or NF-KB are also known to promote the expression of PI-L1 mRNA by
binding directly to the PD-L1 promoter vegion. However, unlike as with FRA-1, KRAS
silencing did not alter the expression of either STAT3 or NF-KB {(see FIGs. 4C and 4D).

‘These results indicate that PI-L1 expression was mainfained in KRAS mutant cells via

the RAS/ERK/Fra-1 signaling pathway (see FIG. &B).
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EXAMPLE 4 KRAS SILENCING IS SUFFICIENT TO RESTORE
SENSITIVITY OF KRAS MUTANT CANCER CELLSTO
ANTI-PD-LIOR TO CTL KILLING

The functional significance of these results on cancer immune cvasion was assessed
using fuciferase expressing KRAS mutant MDA-MB-231 cells transfected with control aiRNA
or atKRASH1

Luc-MDA-MRB-231, a cell line stably expressing luciferase, was purchased from Cell
Biolabs, Inc., USA. Luc-MDA-MB-231 cells wore grown in Dulbgcco’s modified Eagle's
medium (DMEM) supplemented with 10% inactivated fetal calf serum (FCS) and transfected

with sither control aiRNA or aiKRAS#1 as described in Example L.

Cell surface expression of PD-L1 in the control 2iRNA or aiKR AS#1 transfected Luc-
MEA-MB-231 cells was determined by staining the cells with PE conjugated anti-CD274 (BD
Biosciences, USA) in Stain Buffer (BD Biosciences, USA) on ice for 20 min and washed once
with Stain Buffer. CD274 positive population was then detected using flow cytometry (Attune
Acoustic Focusing Cytometer, Life Technologies, USA) and analyzed with Flowjo sofiware
(Flowjo, LLC, USA). Flow cytometry analysis confirmed that KRAS silencing down-regulated
cell surface PD-L.1 expression {(Fig, TB).

To determine if KRAS silencing altered T cell eytotoxicity, aiRNA-transfected MDA~
MB-231 cells were either pulsed or not pulsed with CMV antigen peptide, and then co-cultured
with CMV specific cytotoxic T lymphocyies (CTLs) expanded from HL A typed human PBMC

from healthy donors.

HLA typed PBMCs from healthy donor were purchased from Cellular Technology,
Ltd., USA PBMCs were diluted at 5 x 10° cells/ml in culiure mediom (RPMI-1640
supplemented with 10% inactivated luman serum and 50 M 2-mercaptoethanol) and seeded
into 24-well plates (§ x 10% cells/ml/well). HLA-AY02:01 CMV pp65 peptide
(NLVPMVATV) (IB A Lifesciences, Germany) was added to a final concentration of 5 pM on
day 0 as well ag 25 [U/ml 1L-2 (R&D Systems, USA) and 3 ng/ml IL-15 (R&D Systems,
TS A). The cultures were supplemented with fresh medivm containing 10 pM HLA-A®02:01
CMV pp65 peptide, 50 [U/mL -2 and 10 ng/mL [1-15 every 3-4 days. CD8" T cells were
isolated from PBMC using a CDE" T cell Isolation Kit (Miltenyi Biotec, USA) as described by

the manufacturer’s protocol.
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The aiRNA transfected Luc-MDA-MB-231 cells were incubated with or without HLA-
AM02:01 CMV pp6S peptide (NLVPMV ATV} for 2 howrs at 37°C in 5% C(» and then washed
twice with PRS. CMV peptide loaded or unloaded Luc-MDA-MB-231 cells were plated inte
06-well plates (2000 cells/well). CMV specific CDE' T cells wers subsequently added to a 96-
well plate with an Effector: Target (E/T) ratio of 50:1 and incubated for 24 hours. Anti-Human
PIL1 Ab at 2 final concentration of 10pg/mL was used as a control (Clone: MIH1, Functional
grade purified, Affymetrix eBioscience, USA). Live Lue-MDA-MB-231 cells Wérc measured
by intraceliular huciferase activity with XenoLight D-Luciferin K salt (Perkinfilmer, USA) by
GloMax® Discovery (Promega, USA). The percent Lysis was calculated with the formula:
(Luminescence of CMV peptide pulsed Luc-MDA-MB-231/ Luminescence of CMV peptide
un~-puised Luc-MDA-MB-2313%100.

As shown in FIG. 7A, the cytotoxic activity of antigen specific CTLs were significantly
enhanced with aiKRAS tranafection (p<0.01) compared with scramble aiRNA transfected
cells. To validate PD-L1 dependency of the observed cylotoxic activity, aiRNA targeting PD-
L1 was compared to the activity of a commercially available functional grade anti-PD-L1
antibody. Both treatments enhanced CTL killing activity against MDA-MB-231 cells (Fig. 7A)

to 4 Jevel that was comparable to the cytotoxic activily seen with KRAS depletion.

The results support the conchusion that KRAS activates immune evasion of cancer colls

by maintenance of constitutive PD-L1 expression in the cancer cells.
EXAMPLE & . PREPARATION OF KRAS aiRNA NANOPARTICLES (NPs)

aiRNAs were synthesized in DMT-on mode as described in Example 1, For certain
applications, selected nuclootides in the aiRNAs were modified with a 2°-OH methyl group.

Manoparticles {(NPs) loaded with aiRNA were prepared using the double-emulsion
process described in WO2014123935, the content of which is hersby incorporated by reforence
herein in ils entirety.

Specifically, in cach of vials A and B, § mL of cycloherane/Igepal CO-520 solution
(71/29 viv) were prepared from reagents respectively available from EMID and Sigma.

aiRMNA was dispersed in 1x RNAse-free buffer to make the desired concentration {(e.g,
about § pg/ub). A volume of aiRNA (c.g., about 50 pg) was mixed with 100 pl of 500 mM
MgClz. Then, the MgCh-aiRNA solution was added drop-wise to the oil/surfactant solution in

vial A to form z well-dispersed ernidsion without reverse micro-emulsion.
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In vial B, 100 uL of 25 mM NazHPO4 (pH=9) was added drop-wise Lo the oil/surflactant
solution. The contents of vials A and B were then mixed and stirred for 30 minuies at room
temperature. Aflerwards, the contents were transferred into 10 cenirifuge tubes (1.3 ml) and
centrifuged for 30 minutes at 13,000z The supernatant was discarded and the pellet was
washed with absolute ethanol (1 mL) twice. After the alcohol was removed, the resulting pellet

was air-drnied [or 3-4 hours,

A polymer-based shell was coated onto the MgP nanoparticle cores already loaded with
aiRNA. Specifically, biodegradable polymers, PEG{5k}-Poly-L-Lysine (10U}, Poly-L-
Arginine (30U} were coated onto the cores at a polymer ratio of 2.5:1 (PLE: PLR} & a complex
ratic of 2.5:1 (polymer: atRNA).

Measurement for size/Pdl detenmination of liposomes was performed. The average size
of the nanoparticles was about 70 nm and the swface charge was abouot +25 mV. The

nanoparticles exhibited good plasma stability, cellular uptake and endosomal escape.

EXAMPLE & INHIBITION OF KRAS SIGNALING ENHANCES THE
THERAPEUTIC EFFICACY OF RADIATION THERAPY

The buman breast adenocarcinoma cell line, MDA-MEBE-231 (ATCC® CRM-HTB-
26TM) ig cultm‘ed in DMEM supplemented with 10% (vol/vol} FBS {(Gemini Bio Products,
USA) and 1% penicillin/streptomycin (Life Technologies, USA). Approximately, 6 X 10%cells
/mouse are then inoculated subcutaneously into female athymic mude mice.

Xenografted mice are randomized into the following lreatment groups:

Group 1: Control asRNA NP

Group 2: Radiotherapy + saline

Group 3: aiKRAS NP + Control aiRNA NP

Group 4: aiKRAS NP + Radiotherapy

Irradiations are performed 7-10 days after inoculation (when tumors were at least 100
mm>) using a Pantak HF-320 320 kV x-ray unit (Gulmay Medical, UK.). The machine is
operated at 300 kV, 9.2 mA, with filiration fitted in the x-ray beam to give a radiation guality
af 2.3 mun Cu half-value layer. Mice are positioned at a distance of 350 mm from the x-ray

focus, where the dose rate is 0.80 Gy/min.
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The inlravenous administration of nanoparticle {NP) preparalions comprising sither
KRAS aiRNAs or an aiRNA conirol cormences on day | of the fractionated radiation therapy
cycle and is repeated overy other day for & days (at a dose of 2.5 mg/kg/NP preparation). The

treatment is well tolerated with munimal adverse side effects. The size of the tumors is measured

AR

every day. Experimental groups conlain af Jeast S mice/group and are representative of at least

2 mdependent experiments.

Low doses of local fractionated dose radictherapy are delivered at about 10 Gy in §

fractions leads to increased tumor cell expression of PD-L1 with elovated expression evident

I, 3 and 5 days after the last dose of r#diotherapy when compared to time-matched wice

10 receiving the control aiRNA NP. Radiotherapy increases tumor cell PD-L1 expression which
peaks at about 72 hours afier the last dose of radiation and remains clevated as compared to

non-ireated control mice.

The radiotherapy~mediated local tumor control is improved through the adminisiration -

of ailK B ASH 1-#4 nanoparticle formulation. However, a synergistic anti-tumor response with a

oy
\v.

T/C value < 10% is observed in mice that receive radiotherapy in combination with the
aKRAS#1-#4 NP as compared to mice that received radictherapy in combination with the

scrambled control aiRNA formulation,

EXAMPLE T INHIBITION OF KRAS SIGNALING ENHANCES THE
THERAPEUTIC EFFICACY OF A CHEMOTHERAFEUTIC
20 AGENT

Approximately, 6 X 10° human breast adenocarcinoma cells (MDA-MB-231 (ATCCO®
CEM-HTB-26™)} /mouse are inoculated subcutancously into fernale athymic nude mice.
Treatment starts when the tumor burden (mouse weight) reaches approximately 20 grams (~21

days after injection of cells).

b
h

Xenografted mice are randomized into the following treatent groups:

Group 1: Control iRNA NP + saline

Group 2: Control aiRNA NP + paclitaxel

Group 3: atKRAS#1-#4 NP + saline

Group 4: aiKRAS#1-#4 NP + paclitaxel

30 Nanoparticle (NP} preparations comprising either 2iKRAS#1-#4 or an aiRNA control

are adounistered by intravenous injection to the xenografted mics of Groups 1, 3 and 4 starting
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on day 1. The aiRNA injeciions are repeaied every other day for 12 days (¢, a dose of 2.5

mg/kg/NP preparation on day 1, 3, 3, §, and 10).

Paclitaxel {Taxol®) 1s adminisiered to Groups 2 and 4 by intraperitoneal injection on

day 2, 4, 6, Qand 11 at a dose of 10 mg/kg preparation,

The treatment is well tolerated with minimal adverse side effects. Xonografied animals
are periodically weighed fo assess the effect of treatment on tumor burden. Hxperimental

groups contain 10 mice/group and are representative of at Jeast 7 independent experiments.

The inteaperitoneal injection of paclitaxe! alone or aiKRAS NF alone results in a delay
in tumor progression. However, the adminisiration of aiKRAS#1-#4 NP together with
paclitaxel to the xenografied mice of Group 4 results in a synergistic anti-tumor responss with
a T/C value < 10% when compared to time-matched, mice receiving etther the aitKRAS NP

alone with saline or paclitaxel with control aiRNA NP

EXAMPLE 8: INHIBITION OF KRAS SIGNALING ENHANCES THE
THERAPEUTIC EFFICACY OF AN IMMIUNE CHECKPOINT
RNA INTERFERING AGENT

Approximately, 6 X 10° human breast adenocarcinoma cells (MDAMB-231 (ATCC®
CRM-HTB-26™)) /mouse are incculated subcutanecously into female athymic nude mice.
Treatment starts when the tumor burden (mousc weight) reaches approximately 20 grams (~21

days after injection of celis).
Xenografted mice are randomized into the following treatment groups:

Group 1: Control siRNA NP

Group 2: alPD-L.1 NP + Control aiRNA NP
Group 3: aiKRAS NP + Control aiRMNA NP
Group 4: aiKRAS NP + aiPD-1.1 NP

Nanoparticle (NP} preparations comprising either PD-L1 aiRNA (e.g comprising
aiRMA sequences SEQ ID NOs.: 972 and 973), KRAS aiRNA, or an aiRNA control are
admuinistered te Groups 1-4 by intravenous injection starting on day 1. The aiRNA injections
are then repeated every other day for 12 days, i.e., at a dose of 2.5 mg/kg/NP preparation on
day 1, 3, 5, §, and 10). Xenografied animals are periodically weighed to assess the effect of

treatment on tumor buwrden. The treatment is weall tolerated with minimal adverse side effects.
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Expertmental groups contain 10 mice/group and are ropresentative of at least 2 independent

gxperiments.

Intravencus injection of the alKRAS NP with control aiRNA NP (Group 3) or aiPD-L1
NP with control aiRNA NP (Group 2) resalts in a delay of tumor progression. However, the
administration of aitKRAS NP together with PD-L1 aiRNA to the xenografied mice of Group
4 rosults in 8 synergistic anti-tumor response with a T/C value < 10% when compared to time-
matched, mice receiving sither the ailKRAS NP with control aiRNA NP (Group 3) or aiPD-L1
NP with coﬁtml aiRNA NP {Group 2).

EXAMPLE & INHIBITION OF KRAS SIGNALING ENHANCES THE
THERAPEUTIC EFFICACY OF A SMALL MOLECULE
IMMUNE CHECKPOINT INHIBITOR

Approximately, 6 X 10® human breast adenccarcinoma cefls (MDA-MB-231 (ATCC®
CRM-HTB-26™)) /mouse are inoculated suboutaneously into female athymic nude mige.
Treatment starts when the tamor burden (mouse weight) reaches approximately 20 grams (~21

days after injection of cells).

The small molecule immune checkpoint inhibitor used in this example is Cormpound

No. 78 of WO2016142833, having the structure of;

Compound Mos. 73 rescues the PD-L1 induced inhibition of cell proliferation in s mouse

splenocyte assay by 119% (see Table I of WO2016142833),
Xenografted mice are randomized into the following treatment groups:

Group 1 Control aiRMNA NP + saline

Group 2: Control aiRMNA NP + Compound No. 75
Group 3: aaKREAS NP + saline A

Group 4: aiKRAS NP + Compound No. 78

Nanopasticle (NP) preparations comprising either KRAS aiRNA or an aiRNA control

gre administered to Groups 1-4 by intravenous injection starting on day 1. The aiRNA
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injections are then repeated every other day for 12 days, te., al a dose of 2.5 mgky/NP
preparation on day 1, 3, 5, 8, and 10},
Compound No. 75 is administered orally at a daily dose of 10 mg'kg for 12 days.
Xenografied animals are periodically weighed to assess the effect of treatment on tumor
burden. The treatment is well tolerated with minimal adverse side effects. Experimental groups
contain 10 mice/group and are representative of at least 2 independent experiments.
Administration of either aiKRAS NP with saline or Compound No. 75 with the aiRNA
control NP results in a delay in tumor progression. However, the adnunistration of aiKRAS

NP together with Compound No. 75 to the xenografted mice of Group 4 results in a synergistic

anti-tumor response with a T/C value < 10% when compared to time-matched, mice receiving

cither the aiKRAS WP with saline or Compound No. 75 with the aiRNA control NP,

EXAMPLE 16 INHIBITION OF KRAS SIGNALING ENHANCES THE
THERAPEUTIC EFFICACY OF AN ANTI-PD- L1 ANTIBODY

Mice are inoculaled subcotaneounsly with 0.5 10° MC38.0va cells on Day 0. On Day 1
or on Day 14 mice (when tumors reach an average size of 250 mun®), the xenografted mice are

randomized into the following treatment groups (10 mice/group):

Group 1: Control Ig + Control aiRNA NP
Group 2: Atezolizomab + Control aiRNA NP
Group 3: Control Ig + aiKRAS NP

Group 4: atezolizumab + ailkKRAS NP

Nanoparticle (NP) preparations comprising either KRAS aiRNA or an aiRNA control
are administered to Groups 1-4 by intravenous injection starting on day 1. The aiRNA
injections are then repeated every other day for 14 days, ie., al a dose of 2.5 mgke/NP

preparation on day 1, 3, 5, 8, 10 and 12},

Anti-PD-L1 (atezolizumab; Genentech/Hoffmann-La Roche) or control Ig is injected

3Ix/week for 2 weeks at a dose of 10 mg/kg/NP preparation.

Xenografted animals ave periodically weighed to assess the effect of treatment on tumor
burden. The treatment is well tolerated with minimal adverse side effects. Experimental groups

contain 10 mice/group and are representative of at least 2 independent experiments.
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Admunistration of atezolizumab and control aiRNA NP (Group 2) or contrel Ig and

#iKRAS NP (Group 3) results in a delay in tumor progression. However, the administration of

aiKRAS NP together with atezolizumab to the xenografted mice of Group 4 resulls in a
synergistic anti-turor response with a T/C value < 10% when compared to time-matched, mice
recetving either the aterolizumab and control aiRWNA NP {Group 2) or control Ig and aiKRAS

NP {(Group 3).

EXAMPLE 1L INHIBITION OF KXRAS SIGNALING ENHANCES THE
THERAPEUTIC EFFICACY OF A CANCER STEMMESS
INHIBITOR

Falu bnman head and neck cancer cells were inoculated subcuatancously into female
athymic nude mice (6x106 cells/mouse) and allowed to form palpable tumors. When the
tamors reached approximately 100 mum®, the xenografted mice are randomized into the
following treatment groups (10 mice/group):

Group 1 vehicle control + Control aiRNA NP

Group 2: BBI-608+ Control aiRNA NP

Group 3: vehicle control + aiKRAS NP

Group 4: BBIGOS + aiKRAS NP

Manoparticle {(NP) preparations comprising either KRAS aiRNA or an aiRNA control

~are administered o Groups 1-4 by intravenous injection starting on day 1. The aiRNA

injections are then repeated every othor day for 14 days, ie, at a dose of 2.5 mgkg/NP

preparationon day 1, 3, 5, 8, 10 and 12)

Animals are treated orally (po) with 2-acetyl-4H,9H-naphtho] 2 3-bHuran-4 9-di-one
{BBI608) at 100 mg/kg or vehicle control daily. BBI-608 was formulated at 10 mg/mi in 20%
gelucire. Suitable methods of preparing 2-acetylnaphtho[2,3-bJfuran-4,9-dione, including its
crystalline forms, are doscribed in the co-owned PCT applications published as WO
2009/03609%, WO 2009/036101, WO 2011/116398, W 2011/116399, and WO 2014/169078.
Xenogralled animals are periodically weighed o assess the effect of treatment on lumor
burden. The treatment is well tolerated with minimal adverse side effects. Experimental groups

contain 10 mice/group and are reprosentative of af least 2 independent experiments.

Admunistration of BRIGO8 and control aiRNA NP (Group 2) or vehicle control and

atkRAS NP (Group 3) results in a delay in turoor progression. However, the administration of
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siKRAS NP together with BBI-608 1o the xenografled mive of Group 4 resulls in a synergistic
anti~tumor response with a T/C value < 10% when compared to time-matched, mice receiving
gither the BRIGOR and control aiRNA NP (Group 2) or vehicle control and aiKRAS NP {Group
33

EXAMPLE 12: KRAS SILENCING ENHANCES THE THERAPEUTIC
EFFICACY OF CANCER STEM CELL PATHWAY INHIBITOR

SW48D colon cancer cells are inoculated subcutansously into male athymic nude mice
(8 x 109 cells/mouse} and allowed to forni palpabls tumors. Once the tumors reachsd
approximately 200 mm®, the xenografted mice are randomized into the following trealment

groups (10 mice/group):

Group I vehicle control + Control aiRINA NP
Group 2: BBIS03+ Control aiRNA NP

Group 3: vehicle control + aiKRAS NP
Group 4: BBIS03 + siKRAS NP

Nanoparticle (NP) preparations comprising either KRAS aiRNA or an aiRNA control
are administered to Groups 1-4 by intravenous imjection starting on day 1. The aiRNA
injections are then repeated every other day for 14 days, ie., at a dose of 2.3 mghky/NP

preparation on day 1,3, 5, 8, 10 and 12).

Animals are treated orally {po) at 3 mg/ke or vehicle control daily with the cancer stem

cell kinase (CSCK) inhibitor {BBISO3) having the structure oft

Xenografied animals are periodically weighed to assess the effect of treatrnent on tumor
burden. The treatment is well tolerated with minimal adverse side effects. Experimental groups

contain 10 mice/group and are representative of at least 2 independent experiments.
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Administration of BBIS03 and control 2iRNA NP {Group 2) or vehicle conirol and
aiKRAS NP {Group 3) resulls in a delay in tumor progression. However, the administration of
aiKRAS NP together with BBI-503 to the xenografied mice of Group 4 results in a synergistic
anti-tumor response with 3 T/C value < 10% when compared to time-matched, mice receiving
either the BBIS03 and control aiRNA NP (Group 2) or vehicle control and aiKRAS NP (Group
3
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CLAIMS

1 A composition comprising:
an effective amount of a modulator of oncogenic KRAS signaling, and
an effective amount of an immune checkpoint inhibitor,
wherein the combination of the modulator of oncogenic KRAS signaling and
the inhibitor of the immune checkpoint pathway is effective at sensitizing tuemor cells

in a subject to the immune checkpoint inhibitor.

2. The composition of claim 1, wherein the tumor cells are resistant to the immune
checkpoint inhibitor.

3 The composition of claim 1, wherein the tumor cells express an oncogenic KRAS.

4. The composition of claim 1, wherein the immune checkpoint inhibitor is effective at

blocking the interaction of programmed cell death protein I (PD-1) receptor with

programmed cell death 1 ligand 1 (PD-L1).

s The composition of claim 1, wherein the immune checkpoint inhibitor is chosen from
ipilimumab, tremelimamab, atezolizumab, nivolumab, pembrolizumab, JS001,
REGN2810, SHR-1210, MEDIC680, PDRO0OY, BGB-A317, TSR-042, PF-06801591,
Ninghbo Cancer Hosp. anti-PD-1 CAR, Medimmune andi-PD-1, Isis anti-PD-1, UCB
anti-PD-1 or 948.¢g1, Dana-Farber anti-PD-1, 8T1-1110, Suzhou Stainwei Biotech
anti-PI-1, Haixi pembrolizumab biosimilar, Livzon anti-PD-1, MabQuest anti-PD-1,
Singapore ASTR anti-PD-1, Sufro anti-PD-1, Rinat anti-PD-1, Biocad anti-PD-1,
Enumeral anti-PD-1 or ENTIM 38804, Kadmon anti-PI-1, BMS-936339, avelumab

and/or durvalumab or any combination thereof.

&, The composition of claim 1, wherein the KRAS signaling comprises aberrant KRAS
signaling.
7. The composition of claim 1, whercin the modulator of KRAS signaling is cffective at

inhibiting oncogenic KRAS signaling.
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i
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13

14,

6.

The composilion of claim 1, whersin the modalator of KRAS signaling is ineffective at
reducing KRAS induced signaling activity in the absence of oncogenic KRAS gene

expression.

The composition of claim 1, wherein the modulater of oncogenic KRAS signaling

comprises an RNA mterfening agent.

The composition of claim 9, wherein the RINA interfering agent comprises an KRAS-

specific asymmetric interfering RNA (aiRNA).
A pharmaceutical compaosition comprising the composition of claim L

A method for enhancing an immune responss against a tumor in a subject comprising
administering to the subject

an effective amount of a modulator of KRAS signaling, and

an effective amount of an immane checkpoint intubitor,

wheorcin the combination of the modulator of oncogenic KRAS signaling and
the immune checkpoint inhibitor is effective al sensitizing tumor cells in a subject lo

the immune checkpoint inhibitor.

The method of claim 12, wherein sensitizing tumor cells in a subject to the inunune

checkpoint inhibitor enhances tumor cell-specific T cell cytotoxicity.

The method of claim 12, wherein the subject's tumor cells are resistant to treatment with

the immune checkpoint inhibitor.

The method of claim 12, wherein the immune checkpoint inhibitor 1s effective at
targeting an endogenous immune checkpoint protein or fragment thereof chosen from
PD-1, PD-L1, PDL2, CD28&, CD8O, CD86, CTLA4, BTRPL, ICOS, BTRPL B7- H3,
R7-H4, BTLA, HVEM, KIR, TCR, LAGS, CD 137, CDI37L, OX44, OX40L, C27,
CD70, D40, CD40L, TIM3, GALS, ADORA, Chi276, VICNI, IDOL, KIR3DLL,

HAVCR2, VISTA, and/or CID244 or any combination thereof.

The method of claim 12, wherein the imumune checkpoint inhibitor is effective at
blocking the interaction of programmed cell death protein 1 (PD-1) receptor with

programmed cell death T ligand 1 (PD-L1).
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17,

18

19,

21,

22.

3.

24.

25

The method of claim 12, wherein the invnune checkpoint ihibitor is chosen from
ipilinmab, tremolimumab,  atezolizumab, nivolumab, pembrolizamab, IS001L,
REGN2810, SHR-1210, MEDI0680, PDROG, BGB-A317, TSR-042, PF-06801391,
Ningbo Cancer Hosp. anti-PD-1 CAR, Medimmune anti-PD-1, Isis anti-PD-1, UCB
anti-PD-1 or 948.¢1, Dana-Farber anti-PD-1, $TI-1119, Suzhon Stainwei Biotech anti-
PD-1, Haixi pembrolizumab biosimilar, Livzon ant:-PD-1, MabQuest anti-PD-1,
Singapore ASTR anti-PD-1, Sutro anti-PD-1, Rinat anti-PD-1, Bioead anti-PD-1,
Enumeral anti-PD-1 or ENUM 388D4, Kadmon anti-PD-1, BMS-836559, avelumab

and/or durvalumab or any combination thereof.
The method of claim 12, wherein the subject’s tumor expresses an oncogenic KRAS.

The method of claim 18, wherein the oncogenic KRAS comprises a mutation of af least

one araino acid residue of SEQ D NG.: 881,

The method of claim 18, wherein the oncogenic KRAS comprises an activating

mutation of amino acid residues (12, G13, 817, P34, and/or Q61 of SEQ ID NO.: 981,

The method of claim 20, wherein the activating mutation is chosen from G120, G128,
GI2R, GI2F, GI2L, GIZN, GIZA, G12D, G2V, G13C, G138, GI3D, GI3V, GI3F,
S17G, P34S, 61K, G611, Q61R, and/or Q6 1H.

The method of claim 12, whercin the maodulator of KRAS signaling inhibits oncogente

KRAS st gnaling.

The method of slaim 22, whersin the oncogenic KRAS signaling comprises signaling

by the RAS/RAF/MEK/ERI/FRA-1 pathway.

The method of claim 12, wherein the modulator of KRAS signaling is ineffective at
reducing KRAS induced signaling activity in the absence of oncogenic KRAS gene

SRPIOASIONn.

The method of claim 12, wherein the modulator of oncogenic KRAS signaling inhibits

RAS/RAFMEK/ERK/FRA-1 signaling,
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286,

29.

38.

31

33.

34

36.

The method of claim 25, wherein the modulator of oncogenic KRAS signaling
comprises a small molecule inhibitor of 2 member of the RAS/RAF/MEK/ERK/FR A~

1 pathway.

The method of claim 12, wherein the modulator of KRAS signaling comprises 2 KRAS-
specific RNA mierfering agent.

The method of claim 27, wherein the RNA intorfering agent is specific for the expressed

oncogenic KRAS.

The method of claim 27, wherein the RNA interfering agent comprises a KRAS-
specific small interfering RNA (siRNA), small hairpin RNA (shRNA), microRNA
(iR NA), or a prwiRNA (piIRNA). '

The method of claim 27, wherein the RNA interfering agent comprises a KRAS-
specific asymmetric interfering RNA (aiRNA).

The method of claim 30, wherein the KRAS-specific asymmetric interfering RNA

(aiRINA) is effective at inlubiting KRAS mRNA levels by at least 93%.

The method of claim 30, wherein the KRAS-specific asymmetric interfering RNA

(3iRNA} is specific for the sxpressed oncogenic KRAS,

The method of claim 12, wherein the modulator of KRAS signaling is effective at

reducing endogenous FRA-1 DINA binding activity in the subject’s tumor celis.

The method of claim 12, wherein the modulator of KRAS signaling 1s effective at

inhibiting the expression of an immune checkpoint molecuole in the subject’s tumor cells.

The method of claim 34, wherein the immune checkpoint molecule is the programmed

cell death 1 ligand 1 (PD-L1).

The method of claim 12, wherein the tumor is caosed by a cancer chosen from
pancreatic ductal adenocarcinema (PDAC), colorectal cancer or non-small-cell lung

cancer (NSCLC).
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37.

39

44,

41,

42,

43.

44,

43,

46,

47,

48.

The method of claim 36, wherein the cancer iy a melastatic cancer, a cancer that is
refractory to chemotherapy, a cancer that is refraciory to radiotherapy and/or g cancer

that has relapsed.

The method of clave 12, wherein the modulator of KRAS signaling 15 ineffective at
reducing KRAS induced signaling activity in the absence of oncogenic KRAS gene

gxpression.

* A modulator of oncogenic KRAS signaling.

The modulator of claim 39, wherein the KRAS signaling comprises aberrant KRAS

signaling.

The raodulator of claim 39, wherein the modulator of KRAS signaling is effective at

inhibiting oncogenic KRAS signaling,

The modulator of claim 39, wherein the modulator of KRAS sigualing 1s ineffective at
reducing KRAS induced signaling activity in the absence of oncogenic KRAS gens

CXPIes ST,
The modulator of claym 38, comprising an RNA interfering agent.
The modulator of clairm 39, comprising an asymmetric interfering RNA {(ailRNA}Y

The modulator of claim 44, wherein the asymmetric interfering RNA comprises a sense
strand sequence that is at least 50% identical to a sequence chosen from SEQ ID NOs:

320-637.

The modulator of claim 44, wherein the asymmetric interfering RNA comprises 2 sense

strand sequence chosen from SEQ ID WQOs: 320-637.

The modulator of claim 44, wherein the asymmetne mterfering RNA comprises an
antisense strand sequence that is at least 30% identical to a sequence chosen from SEQ

1D NOs: 638-853,

The modulator of claim 44, wherein the asymmetric interforing RNA comprises an

antisense strand sequence chosen from SEQ 1D NOs: 638955,
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4%,

32.

15
W

34.

A composition comprising an effective amount of a modulator of oncogenic KRAS

signaling of any one of claims 39-48.

A method for changing the efficacy or/and safety of a therapeutic agent comprising

administering an effective amount of 2 modulator of KRAS signaling,

A method for changing the efficacy or/and safety of a therapeutic agent comprising

administering an effective amount of an asymmetric interfering RNA (aiRNA).

A method for changing the efficacy or/and safety of a therapeutic agent comprising
administering an effective amount of an asymumetric interfering RNA (aiRNA)

comprising a sense strand sequence chosen from SEQ ID NOs: 320-637.

A method for changing the efficacy or/and safety of a therapeutic agent comprising
administering an effective amount of an asymmetric interfering RNA (aiRNA)

comprising antisense strand sequence chosen from SEQ ID NOs: 638-955.

The method of any one of claims 50-53, whersin the efficacy of the therapeutic agent

18 enhanced.

The method of any one of claims 30-54, wherein the safety of the therapeutic agent is

enhanced.

The method of any one of claims 50-55, wherein the therapeutic agent is an immune

checkpoint inhibitor,

The method of any one of claims 50-56, whersin the therapeutic agent is chosen from
ipilimumab, tremelircumab, atezolizumab, nivolumab, pembrolizumab, JS3001,
REGN2810, SHR-1210, MEDI0680, PDROGI, BGB-A317, TSR-042, PF-06801591,
MNingbo Cancer Hosp. anti-PD-1 CAR, Medimmune anti-PD-1, Isis anti-PD-1, UCB
anti-PD-1 or 948.g1, Dana-Farber anti-PD-1, STI-1110, Suzhoy Stainvwei Biotech anti-
PD-1, Haixi pembrolizumab biosimilar, Livzon- anti-PD-1, MabQuest anti-PD-1,
Singapore ASTR anti-PD-1, Swiro anti-PD-1, Rinat anti-PD-1, Biocad anti-PD-1,
Boumeral anti-PD-1 or ENUM 388D4, Kadmon anti-PD-1, BMS-936559, avelumab

and/or durvalumab or any combination thereof.
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117
TARGET SEQUE NCE5 SENSE STRANDS 5°- ﬁN?iﬂSﬁﬁéé STRANDS 5
aiControl | CAGGTAGITATAGTCGATH GUAGUUAUAGUCGAL AACAUCGACUAUMACUACCUG
(Seramble} | (SEQID NO.: 956) (SEQ il NO.: 957) (SEQ1D NO.; 958
T GGAGGBLTTTCTTIGIGTA | GGGCUUUCUUUGUGU | AAUACACAARGAAAGLCCUCT
WHEASEL ) seaono- 959) | (sEQID NO.: 960) [5EQ 1D NO.: 961)
_ GTTAAGBACTCTGRAGATG | ARGGACUCUGAAGAU | AACALCUUCAGAGUCCUUAAC
TR ssqimno.se) (SEQID NO.: 963) (SEQ 1D NE.: 964)
, T CAGTTGATIACTICTTATT UUGAUUACUUCULAD ARAAUAAGAAGUAAUCAACLG
SHRASEE T saio w0 96s) (5EQ 1D NO.: 965} [SECHID NO. 967)
GATGATGCCTTCTATACAT GAUGLCUDCUAUACA “AAAUGUAUAGAAGGCAUCALE
aiKRASHS
(SEQ 1D NO.: 968) (SEQID NO : 969) | (5EQID NO.: 570)
_ T GGTTGTGAATGATITCITT UGUGARUGAUUUCITY | AAAAAGAAAUCAUUCACAACE
WL sea i no. 974 {SEQUID NO.: §72) | (SEQ 1D ND.: 973)
Q  CCTCTAATGAGACTGACCA T CURAUGAGACUGACC RAUGGUCAGUCUCAUUAGAGG
WP e oo (SEQLID NG.2 975] (SEQ 1D NE3.: 976)
et CCRGAGACTTTGTAGATCC | GAGACUUUGDAGAUC | AAGEAUCUALARAGUTICGE
dirra~

[5£Q 1D NO.: 977)

(SEQID NO.: 978)

{SEGHID NO. 979

FIG. 1A
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