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CHMP2A AS A REGULATOR OF NATURAL KILLER CELL-MEDIATED
ACTIVITY

CRQOSS REFERENCE TQ RELATED APPLICATIONS

{6661} This application claims the priority benefit of ULS. Provisional Application

n

No. 62/822.239, filed March 22, 2019, which application 13 mcorporated herein by

reference.
GOVERNMENT SPONSORSHIP

6662} This ipvertion was made with government support usder grant No.

CA21788% awarded by the Natonal Institutes of Health, The govemnment bas cerian
10 rights s the invention.

TECHNICAL FIELD

LIRS The present invention relates to treatments for ghioblastomas, head and

neck squamous gell cancer, and other tumors,

BACKGROUND

M

15 (0604} CHMP2A 15 known to be part of the endosomat sorting complex required
for transport (ESCRTYY and impairment of CHMP2A function can block the entire
complex. ESCRTII 15 involved in multi-vesicudar bodies (MVB) formation and exosome
formation and secretion. Exosomes dertved from tumor cells can act as inwmune cell
inhibitors and can have imnume suppressive effects on NK cells and T cells #5030

200 ESCRTHI can be involved in cell membrane vepair™ and in blocking NFKB® a

transcription factor that drives the mflammation process through the syntbesis of cytokines

and chemokines.

{6005} The current standard of care for patients with ghoblastoma includes
surgery, temozolomide chemotherapy, radiotherapy, and corticostaroids, all of which have
35 imonnosuppressive  effects ™Y Increasing  the  sensitivity of GSC to NK  cell
immunotherapy may improve treatment following surgery or radiotherapy that can leave

in 3 patient’s brain a few dispersed celis that can form new tumors after removal,
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[oB0e6} Ghoblastoma {GBM) is the most common and most aggressive primary
malignant brain tumor in adults. The overall aanual incidence of gliomas 1 the USA 18 ~6
cases per 100,000 mdividuals, with glioblastoma accounting for ~50% of cases, and the
disease has a male predominance’™ GBM is a highly suppressive tumor and the
mteraction with NK cells resulis in suppression of their activity, which is medigted by
atypical HLA molecules (including HLA-E and HLA-GYY The standard treatmenis for
newly diagnosed GBM, the combmation of radiation therapy (RT) and alkylating
chemotherapy, confounds thus tmmonoseppression. Often steroids are necessary for
management of peritumoral edems, but they decrease the efficacy of mununotherapies. No
FDA-approved  immunotherapy for GBM  exists, despite iis  long history  of
Irpmanotherapy, including imone stimuelation,  antibody-medinted  imnumotherapies,
adoptive cellular imnwmotherapies, and vaccines. Ongoing chnical research for the
treatment of GBM includes checkpomt inhibutor antibodies, vaccines, CAR-T cell therapy,

and oncolvtic vival therapy.™

{8807} Head and neck sguamoas cell carcinoma (HNSCC) s the sixth most
conunon form of cancer worldwide and # accounts for move than 90% of the cancers of
the head and neck. 600,000 people worldwide are diagnosed for HNSCC, with 58,000 new
cases and 10,000 deaths occurring in the United States.!™ Treatments tvpically consist of
surgery, radiotherapy and chemotherapy ~ all associated with significant morbidity and
mortality. The overall long-term survival remains low due to persistent or recurrent
disease with only 40-50% of patients surviving more than five years, '™ New antibody-
hased treatments have added to the armamentariom against HNSCC.2® Cetaximab, a
monoctonal antibody that inhibits EGFR, 1s a cancer targeting drug approved for HNSCC.
Unfortungtely, only 10-13% ol patients respond 1o cetwximab as monotherapy with
progression-free survival of 5.6 months. ™ Nivolumab and pembrolizumab, two new
immune cheek point inlubitors targeting PD~1, have recently been approved for HNSCC
treatment, showing an smmune modulation and durable remission even if presenting a

response in only 209 of patients,”” lower than other tumor types like melanoma,
SUMMARY OF THE INVENTION

{80081 The mvention describes a novel pathway that increases the sensitivity of

tumor cells, such as ghioblastoma, to natural killer (NK} cellomediated cvtotoxicity by
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blocking the transcription of the genes, such as CHMP2A. to wpair the synthesis of the

functional protein.

{0009} The invention provides pharmaceutical compositions and methods of
treatment that can block ESCRT by acting on CHMP2ZA or other protem pants of the

complex through acting on the DNA, RNA or protein level.

|0616} CHMP2ZA and the ESCRT complex are not previously known to be
poteniial targets to regulate NK cells or other ismane cell innnunotherapy. This invention
shows that blocking their function mereases GSC and HNSCC sensitivity to NK cells.
The invention also provided methods of screening molecules and composttions for
wentilication of those that can improve imnwmotherapy by acting on ESCRT complexes

and/or on their components {like UHMP2A).

{6611} The presant mveardion provides methods and conwositions for irealing a
fianor w a subject comprising administering 1o a subject having a tumor in need thereol an
effective amount of 8 pharmacentically acceptable composition comprising an agent that
inhibits CHMP2 A gene expression or function, or the endosomal sorting complex required

for transport {ESCRT), i g celt of the wmmor.

{0012} in embodiments, the agent whibils transcoription or translation of CHMPZA
gene. In embodiments, the agent 1s a shRNA that snhibits CHMP2A gene expression. In
embodiments, the agent inhihits ESCRY., In embodiments, the agemt i a
[arnesvitransferase inhibitor, including upifarnib. In embodiments, the agent inhibits
frapseription ot translation of CTHMPZA gene.  In embodiments, the agent inhibils

ranscription or translation of PTPNY gene.

{6613} In embodiments, the adounistration ncreases tumor sensitivity 1o natoral

killer cells. In embodiments, the tumor is & ghicoblastoma, meningicma or head and neck

squamons cell carcimoma (HNSCO).
[aa14} The present invention provides methods and compositions for treating a

tumor in a subject comprising adnministering to a subject having a tumor in need thereof an

effective amount of a pharmaceutically acceptable composition comprising an agent that



("4

3

£

i

0

WO 2020/198144 PCT/US2020/024218

e

inhibits gene expression or function of CHMPIA, PTPN9, ACERI, SNX7, MSRI,
ANKRD46, IFTRT, PLEKHF2Z, TRMTI0A, or NARS in a cell of the tumer,

{0015} in embodiments, the agent inhibits transcription or tanslation of CHMP2A
gene. In embodiments, the agent 15 a shRNA that mhibiis CHMP2A gene exprossion. In
embodiments, the agent inhibiis ESCRT. n embodiments, the agent i a
farnesylivansferase inhibitor, including tipitfanmb. In embodiments, the agent mhibis
transcription or {ranslation of CHMP2ZA gene. o embodiments, the agent inhibus

tranacripion or fransiation of PTPNG gene.

ja16] in embodiments, the administrabion mcreases Ny sensitivity to natural
killer cells. In embodiments, the tomor 13 a ghoblastoma, meningioma or head and neck

squamous cell carcinoma (HNSCC).

{6617} The present invention provides pharmacentical compositions comprising an
agent that indubits CHMP2ZA gene expression or fumction, or the endosomal sorting
complex required for transport (ESCRT), tn a cell of the tumor for use w treating the

turnor in a patient in need thereof,

{8018 The present invention provides a pharmaceutical composition comprising
an agent that mhibity gene expression or function of CHMP2A, PTPNS, ACER1, SNXT,
MSRI1, ANKRDCG, IFTRE, PLEKHEZ, TRMT104A, and NARS, in a cell of the numor for
gse m weating the tumor in a patient i need thereofl In embodiments, the patient has a
tumor cell is a plioblastoma, memngioma or head and neck squamous cell carcinoma

(HENSCC)

{6019} The present fnvention provides methods of ncreasing cell-mediated kifling
mmmune response capacy of nataral killer (NK) cells i a subject in need thereof]
comprising administering to the subject an effective amouni of an agent that mhibis gene
axpression or function of CHMPBZA, PTPNY, ACERI], SNX7, MSR1, ANKRD4e, IFTEL,
PLEKHF2, TRMTI0A, and NARS. In embodiments, the tumor cell s a ghoblastoma,

menmngioma or head and neck squamons cell carcinoma {(HNSCC)L

(6620} The present invention provides methods of screening g molecule or

composition for therapeutic candidates, comprising adintiustering the molecule or
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composition to a tumor model {o wdentify those candidates that increase tumor sensitivity
to naturg! killer cells. In embodiments, the method dentifies molecules or compositions
that mhihit gene expression or function of CHMP2A, PTENS, ACERI{, SNX7, MSRE,

ANKRD46, IFTEL, PLEKHFZ, TRMTI0GA, or NARS, or the ESCRT, m the tuwmor model
5 BRIEF DESCRIPTION OF THE DRAWINGS

{8621} Figure 1 shows a possible mechanism of action of blocking CHMP2A and

the formation of ESCRTY.

6022} Figure 2 shows the experimental procedure of the TCT screemng on GSC

cells and NK cells.

ool Figure 3 shows Caspd/7 NK killing assay performed on GSC lines
(CW468, D436, 387y

[o824} Fignre 4 shows Caspd/7 NK killing assay performed on GSC 387 using

condittonad media from CHMP2ZA KO {sgRNA#2) or the Muock cell ine.

6025} Fipares SA-SC show a Casp3/7 NK killing assay performed on HNSCC

i)

i35 cell Hnes.

{6626} Fisure 6 shows genes upregulated in GSC Hines KO for CHMPZAL

{6627} Figures TA-7C show that NK cells increase migration towards cellzs KO for
CHMPIAL

6628} Figure 8 shows Cal27 CHMP2ZA KO cells produce less BV than a moek

20 cell ine and have igger EV on average.

66291 Figure ¢ shows Cal27 CHMP2A KO cells have an moreased seostivigy @

NK cell-mediated kiling tn a HNSCC subcutaneous xenograll mouse model.

0838} Figare 18 shows that Tipifarnib treated Cal27 cells show an increased

sensitivity 1o NK cells mediated killing.

15 {8031} Figare 11 shows CW465 cells increased sensitivity to PRB-NK cell killing

when PTPNY is not expressed
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e
DETAILED DESCRIPTION
{0832} Exosomes derived from twmor cells can act as immume cell inhibitors and

have munune suppressive effects on NK cells, CHMP2A 15 known to be part of the
endosomal sorting complex required for transport (ESCRT} and impairment of thus
fonction can block the entire complex. CHMP2A is pant of the ESCRT machinery that
enables formation of muli-vesicular bodies, which contain exosomes. Blocking exosome
function can merease GSC gene sensitivity 1o NK cells and other immune cells, with the
wae of drugs that can improve immunotherapy by acting on ESCRT complexey or ESCRT
components (ke CHMP2A) or other proteins part of the complex acting on DNA, RNA
or protemn level 1o ncrease the sensitivity of ghoblastoma and other twmors to NK cell-
maediated killing. These drugs can be used sither alone or in combination with othar
modalities or adoptive tfransfer of NK cell-based immunotherapy for tmproved anti-twmor

activity.

106331 Specifically, ESCRTHI 15 a complex of proteins tnvelved i multi-vesicular
bodies (MVB) and sxosoms formation and sécretion. This invention shows that blocking
of ong of its components, CHMP2A, leads tumors to have higher susceptibibity o NK
cells, CHMP2A can be blocked by inhibiting ds pene or by blocking CHMP2A imntegration
in the ESCRTI complex by mhibiting #ts RNA or by blocking the protein itself. The
ESCRTI complex can be inhibited by acting ou other components of the complex. For
example, ESCRTHI can be impaired by knock-out (KO of CHMP4™ as well as by KO of
other proteins in the complex, This will block the release of extracellnlar vesicles (EV)
ftke exosomes or microvesicles that can mhibit NK cell killing by transferring some
inhibitory small RNA miolecules or by binding and saterating the activating higand on NK
cells that can became exhausted.™ CHMP2A KO and subsequent blocking of ESCRTI
can inwrease the wnflanumation and chemokines and oytokines released thvough NFEB
activation.™ More chemokines recruit more NK cells increasing the overall kifling
potential. Since ESCRTHI is mvolved in cell membrane repair, by KO CHMP2ZA with the
following inactivation of ESCRTIH, cells damaged from the release of granules by NK
cells are more susceptible to cell death lascking one of the cell membrane repawr
mechanisms. ™ This will lead to an increased sensitivity of GSC to NK cells kifling,

reducing the number of proliferative cells in glioblastoma. Because the ESCRT complexes
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as a whole ave ipvolved o the mechanisms of extracellular vesicles release, mpairing

other ESCRT complexes besides ESCRTHY may lead to stmilar resulis,

[6034} Moreover, becanse ESCRTIHE has been imphicated in the packaging of
HIVU™ and is generally involved in virus budding, blocking the protein complex as
described in this invention provides therapies outside the field of oncology. For example,
the invention can hlock the release of some RNA viruses like Fbola, ov coronaviruses 9
On the other hand, since ESCRTH is also miporiant in cvickinesis (ong step of cell
deviston) an up-regulation can increase or make more efficient cell rephcation which is

apphicable in cell regeneration and Gissue repair.

8635} The present invertion provides methods and compositions for  treating &
tumor in 3 subject comprising administering to a subject having a tumor in need thereof an
effective amount of a pharmacentically acceptable composition comprising an agent that
mhubits CHMPIA gene expression or function, or the endosomal sorting complex required

for transport {ESCRT), in g cell of the wmor,

6636} in embodiments, the agent inhibits transeription or translation of CHMP2A
gene. In embodiments, the agent 15 3 ShRNA that shibits CHMP2A pene expression. In
embodiments, the agent mhibits ESCRT. In embodiments, the agent i a
farnesyiransferase inlubitor, including upifarnib. In embodiments, the agent inhibits
trapscription of transtation of CHMP2A gene.  In embodiments, the agent inhibiis

transeription or translation of PTPNY gene.

{6637} In embodiments, the admimsiration increases fumor sensilivity 1o nataral
killer cells. In emsbodiments, the tumor is a glioblastoma, memnpgioms or head and neck

squarnous cell carcinoma (HNSCC),

{8038} The present mvention provides methods and compositions for trealing a
tumor in a subyect comprising administering to a subject having a tumor m need thereof an
effective amount of a pharmaceutically acceptable composition comprising an agent that
inhibits gene expression or function of CHMPZA, PTPNY, ACERI, SNX7, MSRI,
ANKRD46, IFTRL, PLEKHF2, TRMTI0A, or NARS in a cell of the tumaor,
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{6039} in embodiments, the agent inhibits transeription or translation of CHMP2A
gene. Iun embodiments, the agentis a shRNA that mhibits CHMP2A gene expression. In
embodiments, the agent hibits ESCRT. in embodiments, the agent 1 3
farnesvitransterase inhibitor, including tiptfamib. In embodunents, the agent nhibnis
transcription or {ranslation of CHMPZA gene. In embodiments, the ageot nhibits

transcription or iranslation of PTPN9 gene,

{80401 in embodiments, the adnunistraticss increases mor sensitivity 1o natural
killer cells.  In embodunents, the administration ingreases tumor zensitivily to other
mmmune cells, such as T cells and ovtotoxic T cells, and mereases other immuone cell-
mediated actnviy.  In embodiments, the fumor is selected from but not hinuted 0 a

ghioblastoma, meningioma or head and neck squamous cell carcinoma (HNSCQ).

[0841} The present invention provides pharmaceatical compositions comprising an
agent thai ihibits CHMP2ZA gepe expression or funchion, or the endosomal sorting
complex required for transport (ESCRT), tn a cell of the tumor for use in treating the

tumor in a subyect m need thereof

LS The present invention provides a pharmaceutical composition conywising
an agent that inhibis gene expression or fonction of CHMPZA, PTPNG, ACERT, SNX7,
MSERT, ANKRDE6, IFTRI, PLEKHF2, TRMTI0A, and NARS, in a cell of the wmor {or
use m treating the tumor i a subject in need thereof. In embodiments, the tumor 13 a

ghoblastoma, memagioma or head and neck squamons cell carcinoma (HNSCO).

{6643} The present invention provides methods of increasing cell-mediatad kitling
fmmune response capacity of immune cells, sach as natoral killer (NK) cells, in a subject
i need thereof, comprising administering to the subject an effective amount of an agent
that inhibits gene expression or function of CHMP2A, PTPNY, ACERI, SNX7, MSRI,
ANKRD46, IFTRE, PLEKHEF2, TRMTIOA, and NARS. In embodiments, the twnor cell s

a glioblastoma, meningioma o head and neck squamous cell carcinoma (HNSCC).

6044} in embodiments, the agent of the pharmacentical cormpositions s a spwll
motecule {e.g. a farnesyliransferase inhibitor}, nucleic acid {(e.g.. a shRNA or other RNA)
or prolemn {e.g., an antthody) In embodiments, the agent inhubits iranscription or

transiation of CHMP2A, PTPNG, ACER]}, SNX7, MSRI, ANKRD46, TFT81, PLEKHF?,
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TRMTI0A, or NARS gene. In embodiments, the agent is a shRNA that minbits
CHMP2A, PTPNO, ACERIL, SNXT7, MSRI, ANKRD46, IFTSE, PLEKHEZ, TRMTIOA,
or NARS gene expression. In embodiments, the agent tndubits ESCRT. {n embodiments,
the ageni i3 a fanesviiransterase mbhibitor, including Uptfarmib. In embodiments, the agent
mhibits transcription or translation of CHMP2ZA gese. In embodunents, the ggent inhibits
transcription or translation PTPNY gene. In embodiments, the agent increases tumor
sensitivity to natural killer cells.  In embodiments, the tamor is a ghoblastoma,

memngioma or head and neck squamous cell carcinoma (HNSCO).

{0843} The present nvention provides methods of screening a molecule or
composition for to wdentify candidates for tumor therapy, comprising adnunistening the
molecule or composition to a tumor model o dentilly those candidates that increaze lumaor
sensitivity 1o nataral killer cells. In embodiments, the method wdentifies molecules or
compositions that inlubit gene expression or function of CHMP2A, PTPNY, ACERL,
SNX7, MSRI, ANKRDGG, IFTR, PLEKHF2, TRMTIOA or NARS, or the ESCRT, in
the tumor model. In embodiments, the vention provides a two cell type screening as
described herein to wdentify novel key molecular targets and mechanisms that lead o a

better targeting and killing of glioblastoma siem cells (GSC) and meningioma cells by NK

cells.
{0846} All pebhications, patents, and pateni apphcations mentioped i thig

specilleatron are herein incorporated by reference to the same extent as i ench individual
publication, patent, or patent apphication was specifically and individually indicated 10 be

incorporated by reference,

{80471 Unless defined otherwise, all techiical and scientific terms and any
acronyms wsed herein have the same meanings as conmmonly understood by one of
ordimary skill in the art in the Held of the mvention. Althouzh any methods and matenals
similar or equivalent to those described herein can be uvsed in the practice of the present

invention, the exemplary methods, devices, and materials are described herein.

{6648} The practice of the presewt invention wil employ. unless otherwiss
mdicated, conventional  techniques  of wolecular biology (including  vecombinant

techniques), microbiclogy, ceil biology, biochemistry and immunology. which are within
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the skill of the art.  Such technigues are explaived folly wn the literature, such as,
Molecutar Cloning: A Laboratory Manual, 2 ed  (Sambrook et al, 1989y
Oligonucleotide Svanthesis (M. ). Gait, ed., 1984); Animal Cell Culture (R0 1. Freshney,

ed., 19&7)% Methods in Ensvmology (Acadenvic Press, Inc), Currenl Protocols

e

A g

Molecudar Biology (F. M. Ausubel et al., eds., 1987, and periodic updates); PCR: The
Polvmerase Chain Reaction {Mullis ef al, eds., 1994); Remingion, The Science and
Practice of Pharmacy, 20 ed., (Lippincot, Williams & Wilkins 2003}, and Remington,
The Science and Practice of Pharmacy, 22 ed., (Pharmaceutical Press and Philadelphia

College of Pharmacy at Umiversity of the Sciences 2012),

10 [0049] As used herein, the terms “comprises” “compristag.”  “includes.”

s

“inclading,” “has,” “having.” “contains”, “comtaining,” “characterized bv.” or any other
varition thereof, are intended {0 encompass a nom-exclusive inclusion, subject o any
houtation exphicitly indicated otherwise, of the recited components. For example, a fusion

protein, a pharmaceutical composition, andfor a method that “vomprises”™ a hist of elements

RS

{e.g., components, features, or sieps) is not necessarily limited to only those elements (or

b

s

COMPONSNRES O Steps), bat Ry inchude other elements {ﬂ{' componenis or SYL"{)S} ot

expressly listed or inherent to the fusion protein, pharmacentical composition and/or

method.
{06856} As ased herem, the {rausitional phrases “consinty of™ and “consisting of”

Wi

20 exclude any element, step, or component not specified. For example, “consists of” or
“consisting of” used in a clam would timit the claim (o the components, materials or steps
specifically recited in the claim except for impurtties ordinarily associated therewith {ie.,
unprerities withi a given component). When the phrase “consists of " or “consisting of”

appears m a clause of the body of a claim, rather than immediately following the

g
Ly

preamble, the plrase “consists of or “consisting of " limits only the elements {or
components or steps) set forth in that clause; other clements (or components) are not

exchuded from the clatm as a whole,

{0851} As used herem, the tansitional phrases “comsists essentially of™ and
“consisting essentially of ™ are used to define & fusion protemn, pharmaceutical conposition,
3 andior method that includes matetials, steps, featwres, components, or elements, m

addition to those literally disclosed, provided that these additional materials, steps,
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features, components, or elements do vot matermlly alfect the basic and nowel
characteristic{s} of the claimed invention. The term “consisting essentially of” occupies a

middle grownd between “comprising” and “consisting of

{6652} When introducing elements of the present invention or the preferred
embodiment{s) thereof, the articles “a”, “an”, “the” and “smid” are intended o mean that
there are ong or more of the elements. The terms “conprising”, “inclading”™ and “having”
are intended to be inclusive and mean that there may be additional elements other than the

fisted slements.

s3] The term “andfor™ whew used i a Iist of two or more dems, means that any
one of the listed iterys can be emploved by dself or in combination with any one oy more
of the listed Hems, For example, the expression “A and/or B” i3 intended (o mean either or
both of A and B, Le. A alove, B alone or A and B in combination. The expression A, B
and/or C7 is intended to mean A alone, B alone, C alone, A and B in combimation. A and

C w combination, B and Cin combination or A, B, and € in combination.

{60541 it 1s understood that aspects and embodiments of the invention described

heretn inchude “consisting™ andfor “consisting essentially of” aspects and embodiments.

{BBS5] it should be understood that the desoription m range format 15 mevely for
convemence and brevity and should not be construed as an inflexsble hmutation on the
scope of the invention. Accordmngly, the description of a range should be considered 1o
have specifically disclosed all the possible sub-ranges as well as mdividual numerical
values within that range. For example, description of a range such as from | o 6 should
be considered to have specifically disclosed sub-ranges such as frow { o 3, from | o 4,
from 1 w5, from 2104, from 2 1o 6, from 3 1o 6 etc, as well as individual numbers within
that range, for example, 1, 2, 3, 4, 5, and 6. Thas applies regardless of the breadih of the
range. Values or ranges may be also be expressed heremn as “about,” from “about™ one
particular value, andior to "asbout” another particular value. When such values or ranges
are expressed, other embodiments disclosed include the specific valug recited, from the
one particilar value, andfor o the other pavticular valuwe.  Similarly, when vahlues ars
expressed as approximations, by use of the antecedent “about,” 1t will be undersicod that

the particular value forms another enbodiment. It will be firther understoed that theve are
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a number of values disclosed theretn, and that each value is also herein disclosed as
“gbout” that particular value n addition to the value iself. In emboduments, “asbout™ can
be used to mean, for example, within 1% of the recited value, within 3% of the recited

value, or within 2% of the recited value.

{0656} As used herein the term “pharmaceuntical composition” refers to a
pharmacentical  acceptable  compositions,  wherein  the  composition  comprises 2
pharmaceutically active agent. and m some embodimenis further conprises a
pharmaceutically  acceplable camier. In some embodiments, the pharmaceutical

composition may be a combmation of pharmacentically active agents and carriers.

{0857} The term “combination™ refers to etther a fixed combination iy one dosage
anit form, or a kit of parts for the combined administration where one or more active
compounds and a combination pariner (e.g., another drag as explained below, also referved
1o as “therapeutic agent” or “co-agent™) may be admnistered independently at the same
time or separgtely within time intervals, In some clreumstances, the combination partaers
show a cooperative, e.g., synergistic effect. The terms “co-admimstration” or “combined
admanisiration” or the like as wiifized herein are meant to encompass adnunistration of the
selected combination partner 10 a single subject in need thereof {e.¢., a patient), and are
intended to mclude treatment regimens i which the agents are nol necessartly
administered by the same route of adminmistration or al the zame time. The term
“pharnacewtical combination” as used heremn means a product that results from the mixing
or combimng of more than one active ingredient and focludes both fixed and non-fixed
combinations of the active ingredients, The {erm “fixed combination™ means that the
active ingredients, e.g., a compound and a combination partner, are both administered to a
patient sinutltaneonsly in the form of a single entity ov dosage. The term “non-fixed
combination” means that the active ingredients, e.g., a conpound and a combuation
partner, are both administered o a patient as separate entities either simwftaneously,
concurrently or sequentially with no speafic tme Hmits, wherein such administrabion
provides therapeuntically effective levels of the two compounds in the body of the patient.
The latter also applies to cocktail therapy, e.g.. the adminisiration of three or more active

mgredients.



e

RS

s

g
Ly

3¢

WO 2020/198144 PCT/US2020/024218
13-
[0S} As ased heremn the term “pharmaceatically acceptable™ means approved by

a regulatory agency of the Federal or a state government or listed n the US
Pharmacopoets, other generally recognized pharmacopoeia i addition to  other
foransdations that are safe for use in animals, and more particalarty 1n hwmans andfor non-

human mammals,

059 As used herem the term “pharmacentically scceptable cammier™ refers fo an
exciprent, diluent, preservalive, solobilizer. smulsibier, adjwvant, andior velucle with
which demethvlation compound(s), is administered. Such carriers may be sterde Beauds,
such as water and oils, including those of petroleam, animal, vegetable or synthetic origin,
such gs peanut oil, sovbean oil, nuneral o1}, sesame oil and the hke, polyethvlene glveols,
ghveerine, propylene glveol or other symthetic solvents.  Antibacterial agents such ag
benzyl alcohol or methy! parabens; antioxidants sach as ascorbic acid or sodium bisalfite;
chelating agents such as ethylenedianuneietraacetic acid; and agents for the adjustiaent of
tonictty such as sodium chlonde or dextrose may also be a carrier. Methods for producing
compositions in combination with carriers ave known 1o those of skill in the art. In some
embodiments, the language “pharmaceutically acceptable carvier™ 15 intended to include
any and all solvents, dispersion media, coatings, sotomic and absorption delaving agents,
and the like, compatible with pharmaceatical administration.  The ase of sach media and

agenis for pharmaceutically active sabstances is well known in the art.  See, e

5z

b

Remington, The Science and Practice of Phammacy, 20th ed., (Lippincott, Willians &
Willng 2003}, Except insofar as any conventional media or agent is incompatible with

the active compound, such use in the compositions is contemplated.

|06} As used herein, “therapeutically effective™ or “effective”™ refers 0 an
amount of a pharmaceatically active compound(s) that is safficient to treat or ameliorate,
or i some manwer reduce the svmptoms assogciated with dissases and medical conditinns.
When used with reference {0 a method, the method s sufficiently effective to weat or
amehorate, or m some manner reduce the symptoms associated with diseases or
conditions. For example, an effective amount i reference to age-related eye diseases is
that amount which 13 sufficient to block or prevent onset; or if disease pathology has

begen, to palliate, ameliorate, stabilize, reverse or slow progression of the disease, or
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otherwise reduce pathological consequences of the disease. In any case, an effective

amount may be given i single or divided doses.

ML,

[6a61} As used herein, the terms “treal,” “treatment.” or “treating” embraces at
least an amelioration of the sympioms associated with iseases in the patient, whers
amehoration 1s used i g broad sense to refer to at least a reduction fn the magnitude of a
pavameter, ¢.g. a svmptom associated with the disease or condivion being treated. As such,
“treatment” also includes sHiuations where the disease, disorder, or pathological condition,
or at least sympton associated therewith, are completely inhibnied (e.g. prevenisd from
happening} or stopped (e.g. terminated) such that the patient no longer saffers from the

condition, or gt least the symptoms that characterive the condition,

[6062} As used herein, and unless otherwise specified, the terms “prevent,”
"preventing” and "prevention” refer to the prevention of the onset, recurrence or spread of
a disease or disorder, or of one or more symptoms thereof In certain embodiments, the
terms vefer to the tregtment with or administration of a compound or dosage form provided
herein, with or without one or more other additional active ageni(s), prior to the onsel of
symploms, partcelarly to subjects at nisk of disease or disorders provided herein. The
terms encompass the inhibition or reduction of a symplom of the particular disease. In
cerlain embodiments, subjects with famulial history of a disesse are potential candidates
for preventive regumens. In certain embodiments, sabjects who have a history of recurning
symptoms  are also potemtial candidates for prevention. In this regard, the tenmn

“prevention” may be interchangeably used with the term "prophylactic treatraent.”

{80631 As used hevetny, pnd undess otherwise specified, a "prophylactically
sffective amount” of a compound 15 an ameunt sufficient Yo provent a disease or disordsr,
or prevert Hs recurrence. A prophvlactically effective amount of g compound mweans an
amount of therapentic agent, alone or m combiation with one or more other ageatis},
which provides a prophylactic benefit in the prevention of the disease. The term
"prophylactically effective amount” can encompass an amount that improves overall

prophylasis or enhances the prophylactic efficacy of another prophylactic agent.

0864} Az used boerown, and unlesy otherwise specified, the term "sohject” is

defined herein to melude animals such as mammals, mcluding, but not limited 1o, primates
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{e.g., humans), cows, sheep, poats, horses, dogs, cats, rabbits, rats, nice, and the like. In
specific embodiments, the subject is a human, The terms "subject” and "pattent” are used

inferchangeably herein in reference, for example, 0 a manmalian sylyect, such as 3

human,
{6665] As used herein, and unless otherwise specified, a compound described
hevein is intended to encompass all possible sterecisomers, onless a particular

stereochenustry is specified. Where structaral tsomers of a compound are interconvertible
vig a low energy barrier, the compound may exist as a single taulomer or a mixtuve of
tautomers. This can take the form of proton tautomerism; or so~called valence tautomerism

in the compound, e.g.. that contain an aronwatic moiety.

{8066} The term “antibody™ as used herein encompasses monoclonal antibodies
{mchuding full length monoclonal antibodies), polvclonal antibodies, mualti-specific
antibodies {e.g., bi~specific antibodies), and antibody fragments so long as they exiubit the
desired biological gctivity of hinding 1o 3 tavget antigenic site and its isoforns of interest.
The term “antibody fragments”™ comprise a portion of a {ull lenpth antibody, penerally the
apiigen hinding or variable or constant region region thereof. The term “anitbody™ as used
heremn encompasses any antibodies denived from any species and resources, including but
not Hnnted to, lnanan antibody, rat astibody, mouse antibody, rabbit amtibody, and so on,

and can be synthetically made or naterally-ocourring.

{6667} The term “monovlonal antibody”™ as used herein refers 1o an anttbody
obtained from a population of substantially homogeneous antibodies, fe., the individaal
antibodies comprising the population are identical except for possible naturally occurring
mutations that mav be present in minor amounts.  Monoclonal antibodies are highly
specific, being directed against g single antigenic sile.  Furthermore, i contrast (o
conventional {polyclonal) asntibody preparations which typically melude  dilferent
antibodies divected against different deternunants {epitopes), each monoclonal antibody is
divected against a single determinant on the antigen. The “monoclonal antibodies™ may

also be isolated from phage antibody Bbraries using the techmgues known in the art.

{0868 The monoclonal  antibodies  heredn  include  “chimeric™  antibodies

mmunoglobuling) in which a portion of the heavy andior fight cham is identical with or
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homologous o corresponding sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the remamder of the chain(s) 1s
identical with or homologous to corresponding sequences i antibodies derived from
another species or belonging to another antibody clags or subclass, ag well as Bagments of
such antibodies, so long as they exlubi the deswred biological activity. As used berein, a
“chimeric protein™ or “fusion protein™ comprises a first polypeptide operatively linked (o a
second polypeptide. Chimeric proteins may optionally comprise a third, foerth or fifth or
other polypeptide operatively huoked 1o a first or second polypeptide. Clumeric proteins
may comprise two or more different polypeptides.  Chimeric proteins may comprise
nuitliple copies of the same polypeptide.  Chimeric proteins may also comprise one of
more mutations in one or more of the polvpeptides. Methods for making chimenc proteins

are well known in the art.

| 60691 The invention may also vefer o any oligonucleotides (antisense
oligonucleotide agents), polynueleotides (e therapentic DNA}Y, riborymes, DNA
aptamers, dsRNAs, siRNA, shRNA, RNAj andior gene therapy vectors. The term
“antisense oligonucleotide agent” refers to short synthetic segments of DNA or RNA,
psually referred fo as oligonucieotides, which are designed to be complementary to a
sequence of a specific mRNA fo inhubit the translation of the targeted mRNA by binding
10 a umgque sequence segment on the mRNA.  Antisense ohigonucleotides are ofien
developed and used in the gntisense technology. The term “antisense technology™ refers
to a drug-discovery and development technique that mvolves design and use of synthetic
oligomcleotides complementary 1o 8 tavgel mRNA o whibit production of specific
disease-causing protens. Antisense techwology permits design of drugs, called antisense
oligonucleotides, which imntervene ot the gevetic level and mbibit the production of
disease-associated proteins.  Antisense oligonucleotide agents are developed based on

genetic nformation.

{66706} As an alternative {o aniisense ohgonucleotide agents, ribozymes or double
stranded RNA (dsRNA), short hairpin RNA {shRNA}), RNA mnterference (RNA1D, andfor
small interfering RNA (siRNA), can alse be used as therapeutic agents for regulation of
gene expression i cells. As ased herein, the term “ribozyme™ refers to a catalvtic RNA-

based enzvme with ribonuclease activity that is capable of cleaving a single-stranded



e

k¥

et

20

n

1.

WO 2020/198144 PCT/US2020/024218

47
nmucleie acid, such as an mRNA, to which it has a complementary region. Riborvmes can
be used to catalytically cleave target mRNA transcripts (o thereby inhubit translation of
target mRNA, The term “dsRNA,” ax ysed berein, refers (o0 RNA hybrids comprisimg two
stravcds of RNA. The dsRNAs can bg hnear or circelar in stracture. The RNA may
comprise ribonucleotides, ribonuclectide analogs, such as 27-O-methyl ribosyl residues, or
combinations thereof.  The term "RNAL” refers to RNA aderference or post-
transcriptional gene siencing (PTGS).  The termy "siRNA™ refers to small dsRNA
modecnles (e.g., 21~-23 nucleotides} that are the mediators of the RNAT effects. RNAf s
induced by the mmtroduction of long dsRNA {up to 1-2 kb) produced by in wvitro
transcription, and has been successtully used to reduce gene expression i variety of
orgamsms. In mammalian cells, RNAT uses siRNA {e.g. 22 nucleotides long) to bind to
the RNA-induced silencing complex (RISC), which then binds to any muatching mRNA
sequence o degrade target mRNA, thus, silences the gene. A short hairpin RNA or small
hairpin RNA (shERNAHapin Vector) 15 an artificial RNA molscale with a tight hairpin
turn that can be used to silence targel gene expression via RNA interference {RNA1)
Expression of shRNA 1n cells s typrcally acconiplished by delivery of plasnuds or through
viral ov bacterial vectors. Single puide RNA (sgRNAJ as used in a CRISPR gene editing
system 1s a single RNA molecule that contains both the custom-designed short orRNA
sequence fused fo the scaffold tracrRNA sequence. The RNAs used m the invention are
based on publicly known sequences for the fargeted gene and can be synthetically

generated ov made /a wire or in vive from a DNA femplate, and are conumercially

avarlable,
{da71} “Nueleie acid” or “nuecleie acid molecule™ refers to 8 multimeric compound

comprising two o more covalently bonded nucleosides or mucleoside analogs having
nitrogenous heterooyelic bases, or base analogs, where the nucleosides are linked together
by phosphodiester bonds or other linkages to form a polviucleotide. Nucleie acids include
RNA, DNA, or chimeric DNA-RNA polymers or oligonucieotides, and analogs thereof.
A nucleie acid backbone can be made up of a variety of linkages, including one or more of
sugar-phosphodiester linkages, peptide-nucleic acid bonds, phosphorothioate hinkages,
methylphosphonate linkages, or combimatons theveo!. Sugar moieties of the nuclere acid
can be ribose, deoxyribose, or similar compounds having known substitutions {eg 2'-

methoxy substiiutions and 2-halide sebsiitutions). Nitrogenous bases can be comventional
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bases (A, G, C, T, U} or analogs thereof (2.g., inosine, S-methylisocytosine, isoguaning).
A nucleic acid can comprise only conventtonal sugars, bases, and hinkages as found in
RNA and DNA, or can nclude conventional componenis and substitutions {e.g.,
conveniional bases linked by a 2-methoxy backbone, or a nucleie acid including a mixhure
of conventional bases and one or more base analogs). Nucleie acids can include “locked
nuycleic aouds”™ (LNA}, i which one or more nucleotide monomers have a bicyelic
furanose unit locked in an RNA wmimicking sugar conformation, which enhances
hyvbridization affimty toward complementary sequences in single-stranded RNA {($sRNA),
single-stranded DNA {(sDNA), or double-stranded DNA {(dsDNA). Nucleic acids can
include modified bases to alter the function or behavior of the nucleie acid {e.¢., addition
of a ¥-ternunal dideoxynucleotide to block additional nucleotides from being added to the
nucteic acid). Synthetic methods for naking nuclete acids & vitro are well known in the
art although nucleic acids can be purified from natural sources using routine techniques.

Nucleic acids can be single-stranded or double-stranded.

8072} A nacleic acid 18 tvpically single-stranded or double-stranded and will
generally contain phosphodiester bonds, although in some cases, as outhived, berein,
nucleic acid analogs are included that may have alternate backbones, including, for
example and withoat limutation, phosphoramide (Beaucage et all (1993} Tetrahedron
49011925 and references therein; Letsinger (19703 1. Ovg. Chem. 35:3R00; Sprined et al.
{1977) Eur. J. Biochem. 81:5879; Leisinger et al. (1986} Nucl. Acids Res, {4 3487; Sawai
et al. {19841 Chem. Letl. 8035, Leisinger ef al. {1988} J. Am. Chem. Seoc. 110:4470; and
Pawwels et al. (3986) Chemica Scripta 260 1419, which are each ncorporated by
reference), phosphorothioate {Mag et al. {1991} Nucleic Acids Res. 19:1437, and U8, Pat.
Ne. 5,644 048, which are both incorporated by reference}, phospborodithioate (Brin et al,
(1989) 1. Am. Chem. Sov. 111:2321, which i3 mncorporated by reference), O-
methylphosphoroamidite linkages {see Eckstein, Olbigonuacleotdes and Analogues: A
Practical Approach, Oxford Untversity Press {1992), which ts incorporated by reference),
and peptide nocleic acid backbones and finkages (see, Egholm (1992) 1. Am. Chem. Soc.
141895, Maeter et al. (1992) Chem. Int. Ed Engl 311008 Nielsen {1993} Natuore
365:566; and Carlsson et al. (1996} Natve 380207, which are each incorporated by
reference}. Other analog nucletc anids include those with positively charged backbones

{Denpey et al. (19935 Proc. Natl. Acad. Sct. USA 92:6097, which is mcorporated by
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reference), nos-<iouic backbones (U8 Pat Nos. 5386023, 5637684, 5602240,
5,216,141 and 4,469 863; Angew {199]) Chem. Tntl. Ed. Enghish 30; 423, Letsinger et al.
(1988) J. Am. Chem. Soc. 110:447(0; Letsinger et al. {1994} Nucleoside & Nucleptide
13:1597; Chaplers 2 and 3, ASC Sympostum Series 380, “Carbohydrate Modifications i
Antisense Research”, Ed. Y. S. Sanghvi and P. Dan Cook: Mesmaeker ot al. {1904)
Bioorganic & Medicinal Chem Lett. 4 393, Jeffs el all (1994} 1. Biomolecular NMR
34:17; and Tetrahedron Lett. 37:743 (1996), which ave each incorporated by reference}
and now-ribose backbones, inchiding those deseribed i 118, Pat Nos. 5235033 and
5.0534,506, and Chapters 6 and 7, ASC Svmposiom  Series 580, Carbohydrate
Modifications fn Antisense Research, Ed. Y. §. Sanghvi and P. Dan ook, which
references are each incorporated by reference. Nucleie acids containing one or move
carhogeyelic sugars are also included within the definition of nucleic acids {see Jenkins et
al. (1993) Chem. Soc. Rev. pp 169-176, which is incorporated by reference). Several
mucleic actd analogs are also desenbed in, e.g., Rawls, € & E News Jan. 2, 1997 page 35,
which is incorporated by reference. These modifications of the ribose-phosphate backbone
may be done to facilitate the addition of additional moieties such as labels, or to glter the

stabality and half-life of such molecules in phvsivlogical environments.
EXAMPLES

{06873} Natural kitler {NK} cells play a key role i twnor immune-surveitlance by
thetr abihity to recognize and kall both hematological malignancies and solid tomor cells.
NK celi-based immunotherapy is emerging as gn iraportant cancer treatment; however,
sefective pressures can fead tumor cells {o develop resistance mechanisms 1o escape NK
celb-mediated killing by modulating expression of specific genes imvolved i the
mieraction between tomor and immune cells. This example uses a novel “two cell tvpe™
serecning o wentily novel key molecular targets and mecharisms that lead to 3 belter
targeting and killing of glioblastoma stem cells (GSCY and menmgioma cells by NK cells.
To mimic loss of fanction mutations involved in resistance or sensitivity to NK cells, the
example uses g genome-scale CRISPR-Cash hibrary to mnduce mutations m 19,000 genes
in four human GSC lines and two menmgioma cell hines. After a round of selection with
peripheral blood NK cells, the genes that mmpaived the kilhing activity of NK cells or

inereased the sensitivity of tumor cells to NK cells were profiled. The most common genes
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fost i GSC and meningioma cells that yerease their sensitivity to NX cells are involved
in the ER-phagosome pathway, antigen presentation and cellular localization, One gene of
inferest 18 a conponent of a complex involved 1 degradation of surface receptor protems
and formation of endocyvtic nudivesicular bodies, This invention confirms that mnpairing
its function in GSC hnes can increase they sensitivity fo NK cell-mediated killing. RNA
sequencing demonsirates that i increases the expression of genes mvolved in regponse (o
the adaptive immume system, and that chemokines and cviokines overexpressed by the KO

cells more effectively stimulate NX cell-mediated killing of these tumor cells.

{0874} Figare 1 shows the possible mechanism of action of blocking CHMP2A
and the formation of ESCRT. ESCRT is a complex of proteins involved in MVB and
exosome formation and secretions. This invention acts by blocking one of its components,
CHMP2A by blocking s gene. CHMP2A integration in the ESCRT complex may also be
blocked by mhibiting s RNA or by blocking the protewn itself, The ESCRT complex may
also be inhibited by acting on other components associated therewith. This will block the
reJease of vesicles like exosomes that can carry on their surface inhibiting higands for NK
cells (Figure 1) This will fead to an increased sensitivity of GSC to NK cell kitling,

thereby reducing the number of profiferative cells in gliohlastoma tamors.

{0875} Figure 2 shows the experimental procedwre of the TCT screening on GSC
cells and NK cells, Genomic data from wransduced GSC co-incubated with NK ceils are
compared with transduced cells without NK cells to analyre what genes may be involved
in NK cell-mediated kilhng sensitivity or resistance. First, @ whole genome
CRISPRICASYS KO was performed to screen four lines of GSC. After selection, the GSCs
were incubated with NK cells for 24 hours harvesting tumor cells 24 hours later. DNA
sequencing on the GSC lines was performed to discover what pRNAs were most enriched
in the population of cells more resistant to NK cell killing. Less frequent gRNAs wers
associated with those genes that increase sensitivity o NK cell kithing. Genes lost in NK-

sensitive cells are enriched in ER~phagosome pathway, antigen presentation and cellular

locahwation
{8676} A plot of the genetic analvsis of TCT screen for genetic medintors of NK

celi-mediated kilhing of GSC was created {not shown). The top 20 hil genes exprassad m

the 4 GSC hines that give resistance or sensitivity to NK cell-medinted killing were



24

[ 23
A

WO 2020/198144 PCT/US2020/024218

21-
averaged. The [irst 10 genes thal mcreased sensitivity 1o NK cells were, in order,
CHMP2A, PTPN?, ACERL, SNX7, MSRI, ANKRD46, IFTSI, PLEKHF2Z, TRMTI0A,
and NARS,

{6677} Because THMPIA had the highest score, 1t way validated on G8Cs as a
single KO 1n three cell lines and cells showed ncreased sensitivity to NK cell mediated
killing (Figure 33, CHMP2A was silenced using shRNAs to confirn: its role wn GSC hines
{Figmre 3). Specifically, Figure 3 shows Caspd/7 NK killing assay performed on GSC
fings (CW46E, D456, 387 Two sgRNA (#2, #3, top row) and two shRNA
(H2. 44, bottom row), were used {0 validate CHMP2ZA KO, GSC showed ncreased

sensitivity 10 PB-NK cell kitling when CHMP2ZA 15 KO. BT = Effector to Target ratio.

{6678} The function of inunune cells can be impaired by exosomes released by
tumor cells' and CHMP2A is part of the ESCRT machinery that enable the formation of
MVBY (hat can contain exosomes. Therefore, the conditioned wedia from the cell line
GSC 387 KO for CHMP2A was used o wncubate PB-NK cells for 1 hour snd perform a
killing assay on the GS5C 387 wild type cell line. The media conditioned by GSC 387
Mock line was ased as a confrol. These resulls damonsirate an mereased sensitivity to NK
celb-mediated killing in tumor cells where the media from CHMP2ZA KO cells was used
{Figure 4). Specilically, Fignre 4 shows a Caspd/7 NK killing assay performed on GSC
387 wsing conditioned media from CHMP2A KO (3gRNAH2) or the Mock cell hine, Celis
incubated with KO conditioned media showed an increased sensitivity to PR-NK cells.
This experiment provides evidence that GSC KO for CHMP2A are unable to secrete some

factons or exosomes that can reduyce NK cells kithng,

{8079 The KO of CHMP2ZA was also tested m sonwe head and neck squamous
cells carcmoma (HNSCC) cell lines showing an incressed sensitivity to NK-mediated
killing like for GSC (Figures SA-8C). Speaifically, in Figures SA-SC a Casp3/7 NK
killimg assay was performed on HNSCC cell fines {Cal27, Detroii36S and HNSCCITBS
seRNA fargeting CHMP2A was used to validate CHMP2A KO HNSCC cells showed
mereased sensitivity to PB-NK cell killing when CHMP2A 15 KO, ET = Effector to

Target ratio.
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{0880} Performing the RNA sequencing in CHMP2A KO cells showed a pattemn of

gpregulated genes velved m tumor cell-tanume cell ieractions and wflammation with

some chemokines and cvickines upregulated (Figure 4). Figure 6 shows penes

upregulated in GSC lings KO for CHMP2ZA. Some of the most apregudated genes were
5 chemokines or genes related 1o interferon ganima response gnd mflammation, as shown in
Table 1.
Gones upragulsied in THRIPIA KO G50 calls {850 387, WS}
CXCLE (LY
¥
£XC12
LELRG
TR0
10 LIS RUNXE {runt-relsted transeription factor 3
Table 1
{81} ESCRTHI and also the other ESCRT complexes function to suppress
spontansous NFKB activation in 293 cells. ™! NFKB can induce inflammation and therefore
increase the secretion of inflamnwatory cytokines and chemokines like CXCLIO snd
15 CXCLIZE Overexpression of UXCLIO or its endogenous application in a tumor

increases NK cells mugration towards the tumor site™ and, in general, CXCL10 and
CXCL12 are important regulators of NK cells migration ™ Therefore, the dysregulation
of ESCRTHI through the KO of CHMP2A can increase NK cells migration towards tumor
cells, increasing the mamber of NK cells that can kill tumor cells. This increased NK eell
20 migration towards cancer cells was observed through a nugration assay using CHMP2A
KO cells as chemoatiractant (Figures 7TA-7B). These chemokines were also found 1 the
conditioned media from KO cells (Figure 7C). Specifically, Figures 7TA-7B show that NK
cells micrease thewr nugration {owards cells KO for CHMPIA m both GSC CW4a65

{Figure 7A) and HNSCC Cal27 (Figure 7B). CHMP2A KO cells produce more CXCL 10

3
L

and CXCL12 in their media meaning that this can be a possible mechanism that increases

NK cells migration and subsequent killing (Figure 7C).



oy
AN

a

WO 2020/198144 PCT/US2020/024218

iy
{6082} CHMP2A KO Cal27 showed a lower mumber of BV and a different swze

from the mock cells, meaning mterference m the release of EV was realized {(Figure 8}

This may be another mechanism of action of CHMP2A as described m Figure L.

{6683} {n order to demonsirate the mportance of the ESCRTHI complex and its
fonction i determimng the sensitivity of tumor cells to NK cells-mediated kithng, wild
type Cal27 cells were treated with the farnesyl wansterase indubitor, Tipifaroih, &t 2
concentration of 1pM for 72 howrs. Tipifarnb bhas been shown to inhibil the release of EV
and exosomes specifically by acting on the ESCRTI-dependent pathway. W™ Tipifaraib
treated Cal?7 cells showed an mcereased sensitivity to NK cells mediated kilthng (Figure
16) demonstrating the importance of ESCRTHY and EV release 1 NK cell-mediated

killing increased sensitivily.

0884} Specifically, in Figure 18, Cal27 wild type cells were freated with TaM of
Tipifarntb {Tip) for 72 hours and a control was treated with DMSO. Tipifamib treated
cells showed an wereased sensitivily 1o NK cells killing 10 a Casp¥/7 plus SvioxAAD

killing assay.

085 Using an i vive xenografl mouse model for HNSCC {(CalZ7 cells) i was
demonstrated that blocking CHMPZA increased the efficacy of NK cell treatment in &
mouse model of a solid tumor (Figure 9). Specifically, in Figure 9, Cal27 CHMP2A KO
showed an increased sensitivity o NK cell-mediated killing in g HNSCC subcutaneous
xenograll wmouse model. By releasing more chemokimes (CXCLID and CXCLI), Cal27
KO mncreased NK cell migration towards the tumor site and by prodecing less exosomes

reduced the mhibiting signal to NK cells killing,

{6086} CHMP2A and the ESCRTH pathway mhibition 18 an important target for
solid tumors and can be used to mcrease NK cell-hased imnuumotherapy. Moreover, since
CHMPZA was one of the top hits in the same screening on meningioma cell hines,
memingioma cells could also be sensitive. TCGA data show that in some tumor types low

CHMPZA expression confers a betier survival, even if not statistically significant.

{6687} This mvention can be uysed to screen for and develop new drugs able to

merease the sensitivity of tumor cells to NK cell-mediated killing. Such drugs can be ysed
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i combinaton with NK cell immunotherapy {such as ESC or 1PSC derived NX celis) o

IMProve outcomes.

{0088} it is noted that although CHMP2A had the highest score, it is not the only
gene that can affect NK cell sensitivity. For example, the validation in vifio of PTPNS,
another promising target from the screening on GSC, showed the imporntance of a “two
cell type™ screcming fnvolving tunor cells and NK cells for finding new promising targets
to increase tumor sensitivily to NK cells-mediated killing. This screening can be also

apphied using plotipotent stem cells GPSC) denved NK cells as effectors.

{po8Y] Figure 11 shows a Caspd'7 plus SytoxAAD NK kilhing assay performed on
CW46S GSC hne. Fowr sgRNA targeting PTPNY were used to validate PTPN9 KO
CW4nS cells showed increased sensitivity to PB-NK cell killing when PTPN® 15 not

expressed.
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What is claimed 15

6.

Q.

A method of treating a tumor in a subject comprising adminmstening to 2 subject
having a fwmor In need thereof an effective mmount of a pharmaceutically
accepiable composifion comprising an agent that inbibis CHMP2A gene
expression or function, or the endosomal sorting complex required for transport

{ESCRT), v a cell of the nunor,

The method of clatm 1, wherein the agent infubits transeription or translation of

CHMPIA gene.

The method of claim 2, whersin the agent is a shRNA that mbhibils CHMP2ZA gene

expression.

The method of claim 1, wherein the agent inhibits ESCRT.

The method of claim 4, wherein the agent Is a farnesyvitransferase inbnbitor,

mchuding tipifarnib.

The method of claym 1, wherein the adnmunistration mereases twmor sensitivity to

natural killer cells or 1 cells.

The method of claim &, wherein the tumor 15 2 glioblastoma, mentagioma or head

and neck squamons cell carcinoma (HNSCC).

A method of freating a fumor 1 a subject comprising admunisiering to a subject
having 8 tumor in peed thercol an effective amowt of a pharmaceutically
accepiable composition comprising an agent that miubits pene expression or
function of CHMP2A, PTPNY, ACERI, SNX7, MSRI, ANEKRD46, IFTRL,
PLERHFZ, TRMTHIA, or NARS in a cell of the tumor.

The method of claim &, wherain the agent inhibiis transcription or wanslation of
CHMP2A gene.
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16.

L8,

28

The method of claim 2, wherein the agent is a shRNA that inhibits CHMP2A gens

expression,

The method of claim 8, wherein the agent inlubits transeription or ranslation of

PTPNG gene.

The method of claim 8, wherein the agent inhibits ESCRT.

The method of claim 12, wherein the agent is a famesyitransferase inhibitor,

ichuding tpifanmb,

The method of claim &, wherain the administration ncreases fumor sensitivity 1o

natural killer cells.

The method of claim 14, wherein the tumor is a ghioblastoma, meningioma or head

and neck sguamous cell carcinoma (HNSCC).

A pharmaceuatical composttion comprising an agent that inhibits CHMP2A gene
gxpression or function, or the endosomal sorting complex required for transport
{ESCRT), m a cell of the tumor for use in treating the twmor 1 a patient i peed

thereof

A pharmacsutical composition comprising an agent that mhibits geng sxpression or
fiunction of CHMP2A, PTPNS, ACERI, SNX7, MSRI, ANKRD46, IFTRI,
PLEKHFZ, TRMTI0A, and NARS, m a cell of a tumor for pse in treating the

tuntew in a subject in need thereod.

The composthon of claim 16 or 17, wheremn the tumor cell 15 a ghoblastona,

meningiomg, or head and neck squamons cell carcinoma (HNSCC).
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19, A method of increasmyg cellamediated killing imnume response capacity of natural
killer (NK) cells i a subject i1 need thereof, comprising admimistering to the
subject an effective amount of an agent that inhibits gene expression or function of
CHMP2A, PTPNY, ACERI, SNX7, MSRI, ANKRDdG, IFTRI, PLEKHFZ,

TRMTI0A, and NARS.

e

20, The composition of claim 19, wherein the subject has a tumor selected from a

ghoblastoma, memngioms, or head and weck squantous cell carcinoma (HNSCQO)

i



WO 2020/198144 PCT/US2020/024218

1/8

M et

M\
'
AT
f/“/
/«"
e

Y

/
43
I

s

> ; el
« 4

3

7

e
2
L e
%
Nl kit

{ “\ié;i“\;:‘:imm\m A \:

A TR e
. p o NS o
el e R e S pell
AR ; oSS PSP A S e
— e RS0 rell G0 nefl

CHMPIR §1} Drug that inhilsts the transnrintion of CHIVSZA
{2} Trag chat inhibits the RMA of CRRRZR
Exosomes with figand inhibieing K cetls {3} Drug that lahibits the lunction of CHRAB2A
Signaliing inhibited {8} Drug that infribits E5CRT

/"-7?"’

o
E:

(¢

FIGURE ]

o 0000 00000

Treattsmoroslivwith

Compare changs in
MK onfiony ot SHBNA counts

CRINPR ihraeyin

Feativiegnes

gosssssososssbososssbtsosns

InFociiemd Femn Sadadnt ¥

FIGURE 2



PCT/US2020/024218

WO 2020/198144

2/8

Ly o ke Doy

e

2

N
&

NS
SR

i

; ..\\Q\\\.\»!\\
\\\\\\\&‘
e

LA

e
Grsrsertser R -

L85 v Ausse Buiis

L T

Grerrrsrrssii 2 ttt\..\xm.”.ck‘..itx\v\

whpey wn Auwse B

S & %
3 “ K
o
- it 27
gt

st U Kovse Buirg

»
3 i \X&(\‘\
e

.&.‘V\\\\N\\ i il
o B
H

r ol N 78
% 55
P2
. % Ww
rrr ,\\x\x\\\%\\\\\m\i\ i w g
Sirrroer - %
. .
o SCELNSNs -
%
%

SR uss Russn B

x

TGURE 3



WO 2020/198144 PCT/US2020/024218
3/8

NK killing assay -~ Casdf7

100+
B+
-
&
= 80+ ~a- Mack
i . = - BORNAR2
> A4l R
BS\,'
204
1] r v . .
% . AN AN
LN Qe Sy ’\%@
E:T
FIGURE 4
Killing assay on CALZY
B0+
e
- ~e CalZ? RMock

- Cald¥ RO

WK Kitling
B

;
23

@,
¥
Fuk
0y
i

i
FIGURE 5A



WO 2020/198144 PCT/US2020/024218
4/8

Killing assay in Detroitbdés

%
(-2
i

o
T

23
fa-4
i

-d~ THRIE5E Mock
¥ THARES K

% MK Rilling

264
ﬁ T L3 ll‘ L3 L3
%2?15 SO SR N 2
g:Y
FIGURE 5B
Killing assay in HNBCCITB
86~
86+
4 MNSOOITE Mock

% MK Killing
&

2
o=
4,

FIGURE sC



WO 2020/198144 PCT/US2020/024218
5/8

&

D

FIGURE 6



00000000000000000000000000000

¥ Y k) ¥ ¥ T F A ¥ 3 ¥ J

FIGURES 7AS7C



WO 2020/198144 PCT/US2020/024218

7/8
Particles number Particias size
36565 4
: 200+
8 ,
T g
€
& 1064
e
FIGURES

1000 ‘
e K+ NK

e KOCTRLU
- ~# Mook + NK
-~ Mook QTRL

Tumor volume mm®

FIGURE @



WO 2020/198144

80~

% MK Killing
g @
< <
! 1

g
o<
1

PCT/US2020/024218

8/8

e~ SRI27 ¢ DMSOD

£
_\'@.\,m‘-“ e (23127 4 T!p

509

40

3
Lo}
i

% NK Kiling
w3
[~
i

-
[
3

FIGURE 10

NK killing assay

- CWA4835 Mock

N CW 465 gRNAY
e OWABS gRNAZ
i CWA6E gRNAS

FIGURE {1



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US 20/24218

A. CLASSIFICATION OF SUBJECT MATTER

CPC - c12Q 1/6886; C12N 15/113; A61P 35/00

IPC-  C40B 40/08; C12N 15/11; A61P 35/00 (2020.01)

According to International Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2018/0193329 A1 (Kura Oncology, Inc.) 12 July 2018 (12.07.2018), para [0014], [0018], 1,4-7, 16
----- [0028}, [0030], [0061], [0064]-[0065), [0713])-[0714]; FIG. 7A-7B memeemmeemamaanenan
Y 2,12-13
A 3
X 8, 11, 14-15, 17-20
----- US 2015/0004605 A1 (ISIS INNOVATION LTD) 01 January 2015 (01.01.2015), para [0021], eesmemeeecesonennan e aaan
Y [0087], [0098]-[0099]; FIG. 4C, 7A &7C 9, 12-13
A 10
Y 2,9
----- US 2016/0377631 A1 (THE BROAD INSTITUTE INC.) 29 December 2016 (29.12.2018), para sesmememaan
A {0007}, [0017]), {007 1], [0168), [0188]); TABLE 9 3,10
A 3,10
WO 2018/226776 A1 (THE PENN STATE RESEARCH FOUNDATION) 13 December 2018
(13.12.2018), pg 4, In 11-20; pg 8, In 22-27; pg 36, In 3-6; Figure 6A-6E
A 3,10
WO 2018/184003 A1 (DANA FARBER CANCER INSTITUTE, INC) 04 October 2018
(04.10.2018), claims 1, 4-5; Table 1

I:I Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

to be of particular relevance
“D” document cited by the applicant in the international application

filing date
is cited to establish t

special reason (as specit?ed)

the priority date claimed

“A” document defining the general state of the art which is not considered

“E” earlier application or patent but published on or after the international

“L” document which maﬁ throw doubts on priority claim(s) or which
¢ publication date of another citation or other

“Q”  documentreferring to an oral disclosure, use, exhibition or other means
“P"  document published prior to the international filing date but later than

“T"  later document published after the international filing date or priority
date and not in conflict with the apﬁhgauon but cited to understand
the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

25 May 2020

Date of mailing of the international search report

16 JUN 2020

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Lee Young

Telephone Mo, PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - wo-search-report

