wo 20187217975 A1 |00 RO

(43) International Publication Date
29 November 2018 (29.11.2018)

J

=

(19) World Intellectual Property
Organization
International Bureau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2018/217975 Al

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

74

AGIK 48/00 (2006.01)

International Patent Classification:
C40B 30/06 (2006.01)

C12Q 1/68 (2018.01) GOIN 33/68 (2006.01)

International Application Number:
PCT/US2018/034313

International Filing Date:
24 May 2018 (24.05.2018)

Filing Language: English
Publication Language: English
Priority Data:

62/510,613 24 May 2017 (24.05.2017) UsS

Applicant: THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA [US/US]J; 1111 Franklin Street, 12th Floor,
Oakland, California 94607-5200 (US).

Inventors: BELL, Robert J.A.; ¢/o The Regents of
the University of California, 1111 Franklin Street, 12th
Floor, Oakland, California 94607-5200 (US). COSTEL-
LO, Joseph F.; ¢/o The Regents of the University of Cal-
ifornia, 1111 Franklin Street, 12th Floor, Oakland, Cali-
fornia 94607-5200 (US). LIM, Daniel; ¢/o The Regents
of the University of California, 1111 Franklin Street, 12th
Floor, Oakland, California 94607-5200 (US). MANCINI,
Andrew; c/o The Regents of the University of Califor-
nia, 1111 Franklin Street, 12th Floor, Oakland, California
94607-5200 (US).

Agent: FERNANDEZ, Lizette M. et al; Kilpatrick
Townsend and Stockton LLP, Mailstop: IP Docketing - 22,

62y

(84)

1100 Peachtree Street, Suite 2800, Atlanta, Georgia 30309
(US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

(54) Title: ANTISENSE THERAPIES FOR TREATING CANCER

Rttty TORT sxpovgstan

x

L ¥

Resdufeg TERT exppasiany

4

FIG. 1

]

Hatetive QAaPEL seprasnion

(57) Abstract: The present invention provides methods for cancers associated with a TERT promoter mutation in a subject. In some
embodiments, the methods comprise administering to the subject a therapeutically etfective amount of an agent that specitically reduces
or inhibits GA binding protein transcription factor beta subunit 1 long isoform (GABPBIL) expression or function.
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ANTISENSE THERAPIES FOR TREATING CANCER

PRIOR RELATED APPLICATION

{00061} This application claims the benefit of U.S. Provisional Application No. 62/510,613

filed on May 24, 2017, which s hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

{0602] A telomere 15 a repeating DNA sequence found at each of the two ends of the body’s
chromosomes that allow the ends of chromosomes to be replicated. Telomerase is an enzyme
that adds multiple copies of the same telomere DNA sequences to the ends of the chromosomes.
Telomerase 1s expressed in fetal tissues, adult germ cells, and tumor cells. Because somatic
{body) cells do not regularly express telomerase, these cells age or senesce due to the shortening
of chromosomal telomeres. In cancer cells, telomerase is often reactivated resulting in
replicative immortality. If telomerase activity 1s reduced in cancer cells, then the telomeres in
these cells would shorten, which would prevent cancer cells from dividing.

{0003] Telomerase reverse transcriptase {TERT) is a catalvtic subuntt of telomerase. TERT
catalyzes the addition of nucleotides 1n a specific DNA sequence to the ends of a chromosome’s
telomeres. This addition of repetitive DNA sequences prevents degradation of the chromosomal
ends after multiple rounds of replication. Reactivation of telomerase reverse transcriptase
{TERT) expression occurs in many human cancers. TERT reactivation is necessary to overcome
replicative senescence (aging) and prevent apoptosis {(cell death), both fundamental steps in the
mitiation of cancer. Therefore, compositions and methods for treating cancers associated with a

TERT promoter mudation are needed.

BRIFEFSUMMARY OF THE INVENTHON
{0004] The present invention 15 directed to methods and compositions for treating cancers

associated with a TERT promoter mutation{s). The mmventors have discovered that the long

1
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isoform of GA binding protein transcription factor beta subunit 1 (GABPBI1L) 1s necessary to
activate a mutant TERT promoter. Furthermore, the mventors have discovered that specific
mhibitors of GABPBI1L, for example, antisense oligonucleotides (ASQ) that specifically target
exon 9 or the 3 untranslated region (UTR) of GABPBIL mRNA, can be used to reduce TERT

expression and thus treat cancers harboring TERT promoter mutations.

{0605]  In some embodiments, the present invention provides a method for treating a cancer
associated with a TERT promoter mutation in a subject comprising administering to the subject a
therapeutically effective amount of an agent that specifically reduces or inhibits GA binding
protein transcription factor beta subunit 1 long 1soform (GABPBIL) expression or function,

thereby treating a cancer associated with a TERT promoter mutation,

{0006} In some examples, the method further comprises identifying one or more mutations in
the TERT promoter of the subject prior to administering an agent that specifically inhibits or
reduces GABPBIL expression or function. In some examples, the agent is an antisense
oligonucleotide comprising a sequence that specifically hybridizes to a nucleic acid sequence in
the 3° UTR of a GABPBIL mRNA. In some examples, the antisense oligonuclieotide comprising
a sequence that specifically hybridizes to a nucleic sequence in the 37 untranslated region (UTR)
of a GABPB1L mRNA is an antisense oligonucleotide comprising a nucleotide sequence that is
complementary to the sequence set forth as SEQ ID NG: 1, SEQ ID NG: 2 or SEQID NG 3. In
some embaodiments, the antisense oligonucleotide that s complementary to the sequences set
forth in SEQ ID NO: 1-3 incorporates one or more nucleic acid analogues. In some
ernbodiments, the nucleic acid analogue 1s a Locked Nucleic Acid. To some examples, the agent
is an antisense oligonucleotide comprising a sequence that specifically hybridizes to a nucleic
acid sequence of a GABPBI1L mRNA, wherein the nucleic acid sequence encodes exon 9 of
GABPBIL. In some examples, the antisense ohigonucleotide comprising a sequence that
specifically hybridizes to a nucleic acid sequence of a GABPBIL mRNA, wherein the nucleotide
sequence encodes exon 9 of GABPBIL, 13 an antisense oligonucleotide comprising a nucleotide
sequence that 1s complementary to the sequence set forth as SEQ ID NG: 4, SEQID NG: S or
SEQ ID NO: 6. In some embodiments, the antisense ohigonucleotide that s complementary to

the sequences set forth 1n SEQ ID NOs: 4-6 incorporates one or more nucleic acid analogues. In
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some embodiments, the nucleic acid analogue 1s a Locked Nucleic Acid. In some embodiments,
the antisense oligonucleotide sequence has one or more nucleic acid analogues.

{0067} In some examples, the nucleic acid analog(s) in the antisense oligonucleotide is a
locked nucleic acid (LNA). In some example, the antisense oligonucleotide is between about 10
and about 50 nucleotides in length. In some example, the antisense oligonucleotide is between
about 13 and about 25 nucleotides in length.

{0008] In some examples, the cancer is selected from the group consisting of skin cancer,
head and neck cancer, glioblastoma, ovarian cancer, bladder cancer, thyroid cancer, renal cancer,
bladder cancer, and liver cancer.

{0009] In some examples, the method further comprises administering another cancer
therapy to the subject. In some examples, the cancer therapy is selected from the group
consisting of radiation therapy, chemotherapy and surgery.

[0010] In some embodiments, the present invention provides antisense oligonucleotide of
between about 10 and about 30 nucleotides in length, wherein the antisense oligonucleotide
comprises a sequence that 1s complementary to the sequence set forth m any one of SEQ ID
NQOs: 1,2, 3,4, 5or 6. In some examples the antisense oligonucleotide s between about 13 and

about 25 nucleotides in length.

BRIEF DESCRIPTION OF THE DRAWINGS
{0011] The present application mcludes the following figures. The figures are intended to
ilustrate certain embodiments and/or features of the compositions and methods, and to
supplement any description(s} of the compositions and methods. The figures do not himit the
scope of the compositions and methods, unless the written description expressly indicates that
such 1s the case.
{0612] Figure 1 shows that GABPB1L was required for activation of the mutant TERT
promoter. (a, b) TERT expression following siRNA-mediated knockdown of GABPBI 1n (a)
TERT promoter mutant or {(b) TERT promoter-wild-type lines. GBMI1 and T98G are TERT
promoter mutant primary GBM lines, and OG1 15 a patient-derived TERT promoter mutant
recurrent oligodendroghoma line. *P<0.05, **P<0.01, two-sided Student’s t-test compared to
stControl (s1CTRL) in each respective line. Values are mean + §.D. of at least three independent

experiments {two independent experiments for OG1 and HCT116 lines). (¢} GABPBIL
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expression following siRNA-mediated knockdown of GABPBI in TERT promoter mutant lines
from (a). *P<0.05, **P<0.01, two-sided Student’s t-test compared to siControl (siCTRL) 1n each
respective line. Values are mean = 5.D. of at least three independent experiments {two
independent experiments or OG1 line).

{0013} Figure 2 shows that GABPB2 knockdown had little to no effect on mutant or wild-
type TERT expression. TERT expression following siRNA-mediated knockdown of GABPB2 in
(a) GBMI and T98G or (b) HCT116 and HEK293T lines. *P<0.0S, two-sided Student’s t-test
compared to siControl (siCTRL) in each respective line. Values are mean = S.D. of at least three
independent experiments {two independent experiments for HCT116 lines).

{6014} Figure 3 shows that expression of the GABP tetramer-forming isoform GABPBIL
correlates with TERT expression in TERT promoter mutant glioma. (a-d) Correlation of
GABPBIL or GABPBIS expression (log2 normalized counts) versus TERT expression (log2
normalized counts) from (a,b) 109 TERT-expressing GBMs or {(¢,d) 49 TERT promoter-routant
oligodendrogliomas. {e-h} Correlation of GABPBIL, or GABPB2 expression {log2 normalized
counts) versus TERT expression (log2 normalized counts) from (e} 109 TERT-expressing
GBMs, (f) 49 TERT promoter-mutant oligodendrogliomas, or {g-h) 262 TERT-expressing
colorectal cancers. Grey line indicates trend line.

(0015] Figure 4 shows LNA-ASQO designed to target etther exon 9 or the UTR of GABPBIL.
Exon structure for GABPB1S and GABPBIL. Inset shows the location of the six LNA-ASOs
that were designed to hybridize to either the 9th exon or UTR of GABPBIL.

{8016} Figure 5 shows that GABPBIL targeted LNA-ASOs had varving degrees of acute cell
toxicity. Patient derived ghioblastoma cells (GBM1} were transfected with nothing, transfection
reagent only, 8 scramble control, or various GABPBIL targeted LNA-ASO sequences and cell
growth was measure at 48 and 72hr by MTS assay. Figure 5(a) shows the three LNA-ASQOs
targeted against exon 9 of GABPBIL. Figure 5(b) shows the three LNA-ASOs targeted against
the UTR region of GABPIL.

{0617} Figure 6 shows that GABPBIL targeted ENA-ASOs reduced TERT expression ina
TERT promoter mutant dependent manner. TERT expression following LNA-ASCG mediated
knockdown of GABPBIL via either LNA-ASO B1L-1 or B1L-2 in TERT promoter mutant cells
(GBM1, U251) or TERT wild-type cells (SK-MEL-28).
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{0018] Figure 7 shows that GABPBI1L targeted LNA-ASOs specifically knocked down
GABPBIL transcription while leaving overall GABPB1 transcript levels intact. Expression of
total GABPB1, GABPBIL, and TERT following LNA-ASQO transfection is shown. The
transfected LNA-ASQ 1s listed on the x-axis. A GAPDH and Scramble LINA-ASO were used as
negative controls and TART and GABPA-targeted LNA-ASOs were used as positive controls.
{0019] Figure 8 shows that LNA-ASO UTR1 reduced the protein expression of GABPBIL
but not GABPB1S. Protein expression in the HCC cell ine SNU-423 following LNA-ASO
UTR1 knockdown of GABPBI1L is shown. The protein bands are quantified on the right bar
graph.

{0020] Figure 9 shows that knockdown of GABPS/{ via siRNA reduces TERT expression in
TERT promoter mutant patienti-derived glioma cultures, but not brain-derived 7ERT promoter
wild-type cultures. TERT {a,b) or GABPRIL {¢,d) expression measured via gPCR 72 hours post-
stRNA knockdown of GABPH I 10 TERT promoter mutant ghoma cultures (a,¢) or brajn-derived
TERT promoter wild-type cultures (b,d). NHAPCS = Normal human astrocvies post-crisis clone
5 LNI8 = TERT promoter wild-type glioblastoma. hNPCs = {PSC-derived human Neural
Precursor Cells.

{0021} Figure 10 shows that knockdown of GABPRIL via INA-ASO UTRI reduces TERT
expression in TERT promoter mutant patient-derived ghoma cultures, but not brain-derived
TERT promoter wild-type cultures. TERT (a.b) or GABPBIL and GABPRIS (c,d) expression
measured via gPCR 72 hours post-knockdown of GABPBII using the UTRI LNA-ASO in
TERT promoter mutant ghioma cultures {a,¢} or brain-dertved 7ERT promoter wild-type cultures
{(b,d). NHAPCS = Normal human astrocytes post-crisis clone 5. LN18 = TERT promoter wild-
type ghioblastoma. h(NPCs = iPSC-denved human Neural Precursor Cells.

{6022} Figure 11 shows that LNA-ASQO UTRI reduced GABPBI1L in a GBM xenograft in-
vivo model mRNA expression of GABPBIL in BBTRGOS-MG grown intracranally in mice
following injection of LNA-ASO UTR1I s shown. Mice were injected with either vehicle control
{rm=3} or LNA-ASQO UTRI (n=4) and sacrificed three days post-injection. RNA was isolated

from the tumors and GABPBIL was measured via RT-gPCR.

BEFINITIONS

(]
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o 1

{0023} As used in this specification and the appended claims, the singular forms "a," "an,
and "the" include plural reference unless the context clearly dictates otherwise.

{0024} The term “nucleic acid” refers to deoxyribonucleic acids {BNA) or ribonucleic acids
{RNA) and polvmers thereof in either single- or double-stranded form. Unless specifically
limited, the term encompasses nucleic acids containing known analogues of natural nucleotides,
mcluding but not limited to Locked Nucleic Acids (LNAs), Bridged Nucleic acids (BNAs),
peptide nucleic acids (PNAs), ethylene-bridged nucleic acids (ENAs), 2°-O-methyl (2-OMe)
modified RNA, 2°-0O-methoxyethy! (2-MOE) modified RNA, hexitol nucleic acids, and
nucleotides with phosphorothicated backbones that have similar binding properties as the
reference nucleic acid and are metabolized 1n a manner simular to naturally occurring
nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified varants thereof (e.g., degenerate codon substitutions),
alleles, orthologs, single nucleotide polymorphisms (SNPs), and complementary sequences as
well as the sequence exphicitly mndicated.  Specifically, degenerate codon substitutions may be
achieved by generating sequences in which the third position of one or more selected (or all)
codous 15 substituted with muxed-base and/or deoxyinosive residues {(Batzer ef af., Nucleic Acid
Res. 19:5081 (1991); Ohtsuka er al., J. Biol. Chem. 260:2605-2608 (1985); and Rossohint et g/,
Mol. Cell. Probes 8:91-98 (1994)). The term nucleic acid 1s used interchangeably with gene,
c¢DNA, and mRNA encoded by a gene. Thymine {T) and aracil (U} are used mterchangeably in
nucleic acids according to the type of polynucleotide (BNA or RNA).

{6025} “Treating” refers to any mdicia of success in the treatment or amelioration or
prevention of the disease, condition, or disorder, mcluding any objective or subjective parameter
such as abatement; renmussion; dimumshing of symptoms or making the disease condition more
tolerable to the patient; slowing in the rate of degeneration or decline; or making the final point
of degeneration less debilitating. The treatment or amelioration of symptoms can be based on
objective or subjective parameters; including the results of an examination by a physician.
Accordingly, the term “treating” includes the adminstration of the compounds or agents of the
present invention to prevent or delay, to alleviate, or to arrest or inhibit development of the
symptoms or conditions associated with a disease, condition or disorder as described herein. The
term “therapeutic effect” refers to the reduction, elimination, or prevention of the disease,

symptoms of the disease, or side effects of the disease in the subject. “Treating” or “treatment”
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using the methods of the present invention includes preventing the onset of symptoms ina
subject that can be at increased risk of a disease or disorder associated with a disease, condition
or disorder as described herein, but does not vet experience or exhibit symptoms, inhibiting the
symptoms of a disease or disorder {slowing or arresting its development), providing relief from
the symptoms or side-effects of a disease (including palliative treatment), and relieving the
symptoms of a disease (causing regression). Treatment can be prophylactic (to prevent or delay
the onset of the disease, or to prevent the mantfestation of clinical or subclinical symptoms
thereof) or therapeutic suppression or alleviation of symptoms after the manifestation of the
disease or condition. The term “treatment,” as used herein, includes preventative {e.g.,
prophylactic), curative or palliative treatment.

10026} A "promoter" is defined as one or more a nucleic acid control sequences that direct
transcription of a nucleic acid. As used herein, a promoter includes necessary nucleic acid
sequences near the start site of transcription, such as, in the case of a polymerase If tvpe
promoter, a TATA element. A promoter also optionally includes distal enhancer or repressor
elements, which can be located as much as several thousand base pairs from the start site of
transcription.

[0027] “Polypeptide,” “peptide,” and “protein” are used interchangeably hereinto refertoa
polymer of amino acid residues. As used herein, the terms encompass amino acid chains of any
length, mcluding full-length protemns, wherein the amino acid residues are linked by covalent
peptide bonds.

{8028} As used herein, an “antisense cligonucieotide” 1s a nucleic acid sequence (DNA,
RNA, or a nucleotide analogue) that is complementary to messenger RNAs (mRNAs), hybnidizes
to and inactivates the mRNA sequence, ¢.g., makes the mRNA sequence unavailable for
translation or targets the mRNA for destruction. In some embodiments, the antisense
oligonucleotide that specifically binds to or hybridizes to a noncoding or a coding region of a
mRNA encoding GABPBIL. Antisense ohligonucleotides that specifically bind or hybridize to a
mRNA encoding GABPBI1L do not hybridize or bind to an mRNA encoding the short isoform of
GABPB1 (GABPBIS) or a mRNA encoding GA binding protein transcription factor beta
subunit 2 {GABPB2). In some examples, the antisense oligonucleotide is between about 10 and
about 50 nucleotides in length. For example, the antisense oligonucleotide can be about 10, 11,

12,13, 14, 15,1 6,17, 18, 19,20, 21, 22, 23. 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

~J
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38,39, 40, 41,42 43, 44 45,46, 47, 48, 49 or 50 nucleotides in length. In some examples, the
antisense oligonuclestide can be between about 10 and about 40 nucleotides in length, between
about 10 and 30 nucleotides in length, between about 10 and 25 nucleotides in length, between
about 12 and about 50 nucleotides in length, between about 12 and about 40 nucleotides in
length, between about 12 and about 30 nucleotides in length, between about 12 and 25
nucleotides in length, between about 13 and about 40 nucleotides in length, between about 13
and about 30 nucleotides in length, or between about 13 and about 25 nucleotides in length.
{0029] The antisense oligonucleotides provided herein decrease TERT expression in TERT
decrease in expression can be about 10%, 20%, 30%, 40%, S0%, 60%, 70%, 80%, 90%, 100% or
any percentage in between as compared to a control cell or a control value. Generally, the
antisense oligonucleotide sequence that specifically hybridizes to a noncoding or a coding region
of a mRNA encoding GABPBIL 1s designed to complement {(e.g., perfectly complement) or
substantially comaplement {e.g., having 1-4 mismatches) a nucleic acid sequence in a GABPBIL
mRNA, for example, a nucleic acid sequence m the 3’UTR or a nucleic acid sequence encoding
exon 9 of a GABPBIL mRNA, for example, a human GABPBIL mRNA. In some cases, the
antisense oligonucleotide can be altered or designed using routine methods to avoid or reduce
secondary structure formation. In some cases, the antisense oligonucleotide can be designed to
optimize G-C content. In some cases, G-C content 1s preferably between about 40% and about
60% (e.g., 40%, 45%, 50%, 55%, 60%}.

{0030] As used herein, the term “complementary” or “complementarity” refers to specific
base pairing between nucleotides or nucletc acids. In some embodiments, for example, and not
to be lumiting, base pairing between an antisense oligonucieotide and a target nucleic acid

generally,

2o

sequence in a GABPB1L mRNA 1s described. Complementary nucleotides are
adenine (A} and thymine (T} (or A and uracil (U}), and guanine {(3) and cvtosine {{). As set
forth above, the antisense oligonucleotides described herein can be perfectly complementary or
substantially complementary {e.g., having 1-4 mismatches} to a nucleic acid sequence in a
GABPBIL mRNA.

{0631} As used throughout, by subject 1s meant an individual. For example, the subjectisa
mammal, such as a primate, and, more specifically, a human. Non-human primates are subjects

as well. The term subject includes domesticated arumals, such as cats, dogs, etc., livestock (for
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example, cattle, horses, pigs, sheep, goats, etc.) and laboratory animals (for example, ferret,
chinchilia, mouse, rabbit, rat, gerbil, guinea pig, etc.). Thus, veterinary uses and medical uses
and formulations are contemplated herein. The term does not denote a particular age or sex.
Thus, adult and newborn subjects, whether male or female, are intended to be covered. As used
herein, patient or subject may be used interchangeably and can refer to a subject afflicted with a
disease or disorder.

{0032} As used herein, a cancer associated with one or more TERT promoter mutations can
be, but 1s not limited to, skin cancer (e.g., base cell carcinoma, squamous cell carcinoma, Merkel
cell carcinoma, pleomorphic dermal sarcoma, atypical fibroxanthoma and melanoma), head and
neck cancer (e.g., laryngeal carcinoma and squamous cell carcinoma of head and neck), soft
tissue and pleuron tumor {e.g., myxoid liposarcoma, solitary fibrous tumor, chondrosarcoma,
fibrosarcoma, and malignant pleural mesothelioma), brain cancer {e.g., ghoblastoma,
oligodendroglioma, ghiosarcoma, meningioma or medullobastoma), gynecological cancer (e.g.,
ovarian carcinoma, endometrial carcinoma and squamous cell carcinoma of the cervix),
urological cancer (e g, renal cell carcinoma, bladder cancer, ureter carcinoma, renal pelvic
carcinoma, endocrine cancer {e.g. thyroid cancer and adrenocortical carcinoma), lung cancer,
digestive system cancer {(e.g., hepatocellular carcinoma and gastric cancer), medullary
carcinoma, paragaglioma, pheochromocytoma, Phyllodes tumor and mantle cell lymphoma.
{0033] Optionally, the methods provided herein can further comprise admunistering another
cancer therap{v/ies} to the subject such as, for example, chemotherapy, immunotherapy,
radiation and/or surgery.

{0034] As used throughout, chemotherapeutic agents are compounds which can inhibit the
growth of cancer cells or tumors. Tt is understood that one or more chemotherapeutic agents can
be used in any of the methods set forth herein. For example, two or more chemotherapeutic
agents, three or more chemotherapeutic agents, four or more chemotherapeutic agents, etc. can
be used in the methods provided herein. Chemotherapeutic agents include adriamycin,
dactinomycin, bleomycin, vinblastine, acivicin, aclarubicin, acodazole hydrochloride, acronine,
adozelesin, aldesleukin, altretamine, ambomycin, ametantrone acetate, aminoglutethimide,
amsacrine, anastrozole, anthramycin, asparagimase, asperlin, azacitidine, azetepa, azotomycin,
batimastat, benzodepa, bicalutamide, bisantrene hydrochloride, bisnafide dimesylate, bizelesin,

bleomycin sulfate, brequinar sodium, bropirimine, busulfan, cactinomycin, calusterone,
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caracemide, carbetimer, carboplatin, carmustine, carubicin hydrochloride, carzelesin, cedefingol,
chlorambucil, cirolemycin, cisplatin, cladribing, crisnatol mesylate, cyclophosphamide,
cytarabimne, dacarbazine, daunorubicin hydrochloride, decitabine, dexormaplatin, dezaguanine,
dezaguanine mesylate, diaziquone, doxorubicin, doxorubicin hydrochloride, droloxifene,
droloxifene citrate, dromostanolone propionate, duazomycin, edatrexate, eflornithine
hydrochloride, elsamitrucin, enloplatin, enpromate, epipropidine, epirubicin hydrochloride,
erbulozole, esorubicin hydrochloride, estramustine, estramustine phosphate sodium, etanidazole,
etoposide, etoposide phosphate, etoprine, fadrozole hydrochloride, fazarabine, fenretinide,
floxuridine, fludarabine phosphate, fluorouracil, flurocitabine, fosquidone, fostriecin sodium,
gemcitabine, gemcitabine hydrochlornide, hydroxyurea, idarubicin hydrochloride, ifosfamide,
imotosine, interleukin H {including recombinant interleukin {f, or rIL2}, interferon alfa-2a,
interferon alfa-2b, mterferon alfa-nl, interferon alfa-n3, interferon beta-la, interferon garmnma-1 b,
iproplatin, irmotecan hydrochloride, lanreotide acetate, letrozole, leuprolide acetate, hiarozole
hydrochloride, lometrexol sodium, lomustine, losoxantrone hydrochloride, masoprocol,
maytansine, mechlorethamine hydrochloride, megestrol acetate, melengestrol acetate, melphalan,
menogaril, mercaptopurine, methotrexate, methotrexate sodium, metoprine, meturedepa,
mitindonmide, mitocarcin, mutocromun, mitogithin, mitomalcin, mitomycein, mitosper, mitotane,
mitoxantrone hydrochloride, mycophenolic acid, nocodazole, nogalamycin, ormaplatin,
oxisuran, paclitaxel, pegaspargase, peliomycin, pentamustine, peplomycin sulfate, perfosfanude,
pipobroman, piposulfan, piroxantrone hydrochloride, plicamycin, plomestane, porfimer sodiom,
porfiromycin, predmimustine, procarbazine hydrochloride, puromycin, puromycin hydrochloride,
pyrazofurin, riboprine, rogletimide, safingol, safingol hydrochloride, semustine, simtrazene,
sparfosate sodium, sparsomycin, spirogermanium hydrochloride, spiromustine, spiroplatin,
streptonigrin, streptozocin, sulofenur, talisomycin, tecogalan sodium, tegafur, teloxantrone
hydrochloride, temoporfin, teniposide, teroxirone, testolactone, thiamiprine, thioguanine,
thiotepa, tiazofurin, tirapazamine, toremifene citrate, trestolone acetate, triciribine phosphate,
trimetrexate, trimetrexate glucuronate, triptorehin, tubulozole hydrochloride, uracil mustard,
uredepa, vapreotide, verteporfin, vinblastine sulfate, vincristine sulfate, vindesine, vindesine
sulfate, vinepidine sulfate, vinglycinate sulfate, vinleurosine sulfate, vinorelbine tartrate,

vinrosidine solfate, vinzolidine sulfate, vorozole, zemiplatin, zinostatin, zorubicin hydrochloride.

10



WO 2018/217975 PCT/US2018/034313

{0035} As used herein, "safe and effective amount" refers to the quantity of an agent that 1s
sufficient to yvield a desired therapeutic response without undue adverse side effects (such as
toxicity, irritation, or allergic response) commensurate with a reasonable benefit/risk ratio when
used in the manner of this invention. By "therapeutically effective amount” is meant an amount
of an agent effective to yield the desired therapeutic response, for example, an amount effective
to delay the growth of a cancer or to cause a cancer to decrease in size or not metastasize. The
specific safe and effective amount or therapeutically effective amount will vary with such factors
as the particular condition being treated, the physical condition of the patient, the type of subject
being treated, the duration of the treatment, the nature of concurrent therapy (if any), and the

specific formulations employed and the structure of the compounds or its denivatives.

DETAILED DESCRIPTION OF THE INVENTION
[0036] The tollowing description recites various aspects and embodiments of the present
composttions and methods. No particular embodiment 1s intended to define the scope of the
compositions and methods. Rather, the embodiments merely provide non-limiting examples of
various compositions and methods that are at least included within the scope of the disclosed
compositions and methods. The description 1s to be read from the perspective of one of ordinary
skill in the art; therefore, mformation well known to the skilled artisan 15 not necessarily
mcluded.

{6037} Mutations, including non-coding mutations, in the TERT promoter region of many

.\
rtny

)

cancer cells have been found. Although not bound by any mechanism, the high prevalence o

&

-

TERT promoter mutations 1o various cancers and their divect correlation with increased TERT
transeription, telomere length and telomerase activily W primary twmors saggest that TERT
promaoter mutations represent a fundamental mechanism of telomerase reactivation in human
cCancers.

{0038} Provided herein are compositions and methods for treating cancers associated with
one or more TERT promoter mutations. The inventors have surprisingly discovered that
GABPBIL 138 necessary to activate a mutant TERT promoter. Furthermore, the inventors have
discovered that specific inhibitors or reducers of GABPBIL expression or function, for example,
antisense oligonucleotides {ASQO) that specifically target exon 9 or the 37 untranslated region

(UTR) of GABPB1L mRNA, can be used to reduce TERT expression and thus treat cancers
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harboring TERT promoter mutations. By specifically targeting and reducing GABPB1L
expression or function, TERT expression is decreased, thus reducing TERT reactivation in

cancers associated with one or more TERT promoter mutations.

Methods

{0039} Bescribed herein 1s a method for treating a cancer associated with 3 TERT promoter
mutation in a subject comprising administering to the subject a therapeutically effective amount
of an agent that specifically reduces or inhibits GA binding protein transcription factor beta
subunit 1 long isoform (GABPBI1L) expression or function, thereby treating a cancer associated
with a TERT promoter mutation. In some examples, the cancer is associated with one or more
mutations in the TERT promoter. These include but are not limited to C2287 {on chromosome 5
{hg19 genomic coordinate 1295228)), C228A (on chromosome 5 (hg19 genomic coordinate
1295228)), C250T (on chromosome 5 (hgl9 genomic coordinate 1295250}), A161( (hgl9
genomic coordinate 1295161), a tandem mutation comprising a C228T mutation {on
chromosome 5 (hg19 genomic coordinate 1295228)) and a C229T mutation (on chromosome §
{(hg19 genomic coordinate 1295229)), and a tandem mutation comprising a C242T nurtation (on
chromosome 5 (hg19 genomic coordinate 1295242)) and a C243T mutation (on chromosome S
(hg19 genomic coordinate 1295243)). Optionally, the method further comprises identifving one
or more mutations in the TERT promoter of the subject prior to administering a therapeutically
effective amount of an agent that specifically inhibits or reduces GABPBI1L expression or
function. Methods for identifying one or more mutations in the TERT promoter are known to
those of skill in the art. These include, for example, techmques such as nucleic acid sequencing,
reverse transcription and/or nocleic acid amplification by the polymerase chamn reaction, single
stranded conformational polymorphism (8SCP) analysss, resinction fragment polymorphism
{(RFLP) analysis, Southern hybridization, Northern hybridization, 1 sén hybridization and
electrophoretic mobibaty shuft assay (EMSA}

{0040} In some examples, the agent that specifically 1nhibits or reduces GABPBIL function
15 an antisense oligonucleotide, an 31IRNA, a morphohino, a locked nucleic acid (LNA), an

miRNA, a bridged nucleic acid (BNA}, a peptide nucleic acid {(PNA), an ethylene-bridged
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nucleic acid (ENA), a 27-O-methyl (2-OMe} modified RNA a 2°-O-methoxyethyl (2-MOE)
modified RNA, a hexitol nucleic acid, and/or an oligonucleotide with a phosphorothioated
backbone. In some examples, one or more agents that specifically inhibit GABPBI1L are
admunistered. In some examples, the one or more agents specifically inhibits or reduces
GABPBIL expression or function are administered.

{0041] In some examples, the antisense oligonucleotide, LNA or siRNA comprises a
sequence that specifically hybridizes to a nucleic acid sequence in the 3° UTR of a GABPBIL
mRNA. An example of a GABPBI1L nucleotide sequence that can be targeted using the methods
and compositions provided herein 1s set forth as SEQ D NO: 13, This sequence comprises exon
9 and the 3’UTR of GABPBIL. The sequence of the 3" UTR of GABPBI1L 1s provided herein as
SEQ ID NO: 14, Antisense oligonucleotides that specifically hybridize to or are complementary
to a nucleic acid sequence in SEQ ID NO: 14 can be designed using routine methods. For
example, antisense ohigonucleotides of about 14 nucleotides n length to about 25 nucleotides in
length that specifically hybridize to or are complementary to a nucleic acid sequence in SEQ ID
NO: 14 can be designed based on SEQ ID NO: 14, In some examples, the antisense
oligonucleotide specifically hybridizes to or 15 complementary to a nucleic acid sequence in the
3’ UTR of a GABPBIL mRNA comprising SEQ ID NO: 1 (GATCGTTGTTGGTTAG), SEQ ID
NO: Z{ACTGGCAGACTGTTCA) or SEQ 1D NO: 3 (TAATTATGGTGGACTG). lnsome
embodiments, one or more of the nucleotides in SEQ 1D NQOs: 1-3 is a nucleic acid analogue. In
some embodiments, one or more of the nucleotides in SEQ 1D NGs:1-3 15 a Locked Nucleic
Acid. Examples of antisense oligonucleotides that specifically hybridize to or are
complementary to a nucleic acid sequence 1 the 37 UTR of a GABPBIL mRNA nclude, but are
not hirnited to SEQ 1D NG 7 (CTAACCAACAACGATC), SEQID NO: 8
(TGAACAGTCTGCCAGT) and SEQ ID NO: 9 {CAGTCCACCATAATTA). Insome
embodiments, one or more of the nuclestides in SEQ 1D NOs: 7-9 is a nucleic acid analogue. In
some embodiments, one or more of the nucleotides in SEQ 1D NGs:7-9 is a Locked Nucleic
Acid.

{0042} In other examples, the antisense oligonucleotide, LNA or siRNA comprises a
sequence that specifically hybridizes to or is complementary to a nucleic acid sequence of a
GABPBIL mRNA, wherein the nucleotide sequence encodes exon 9 of GABPB1L. The
sequence of exon 9 of GABPBI1L is provided herein as SEQ ID NO: 15, Antisense
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oligonucleotides that specifically hybridize to or are complementary to a nucleic acid sequence
in SEQ 1D NO: 15 can be designed using routine methods. For example, antisense
oligonucleotides of about 13 nucleotides in length to about 25 nucleotides in length that
spectfically hybridize to or are complementary to a nucleic acid sequence in SEQ D NO: 15 can
be designed based on SEQ ID NO: 135, In some examples, the antisense oligonucleotide
specifically hybridizes to or is complementary to a nucleic acid sequence comprising SEQ ID
NGO 4 (TCGACAGCAGCTCCTA), SEQ 1D NO: S (CCTACAGACAGAAGTT) or SEQID
NO: 6 (TAAAGAAGCTGTTTAA). Examples of antisense oligonucleotides that specifically
hybridize to or are complementary to a nucleic acid sequence of a GABPB1L mRNA, wherein
the nucleotide sequence encodes exon 9 of GABPBIL include, but are not linuted to SEQ 1D
NGO 10 (TAGGAGCTGCTGTCGA), SEGQ ID NO: 11(AACTTCTGTCTGTAGG) and SEQ ID
NO: 12 (TTAAACAGCTTICTTTA).

[0043] In some embodiments, the antisense oligonucleotide 15 a splice-switching antisense
oligonucleotide, for example, a splice-switching LNA, that disrupt the normal splicing of the
GABPBIL transcript by blocking the RNA-RNA base pairing or protein-RNA bhinding
interactions that occur between components of the splicing machinery and the pre-nuNA. In
some example, the splice-switching antisense oligonucleotide, occludes one or more splice
recognition sites on the GARPBI pre-mRNA to prevent maturation of the GABPBII mRNA
without eliciting a strong RNase H response. To prevent RNase H activation, ssENAgs alternate
LNA-modified ribonuclectides and unmodified deoxyribonucleotides along the entirety of the
phosphorothioate antisense oligonucleotide backbone. See, for example, Havens and Hastings
“Splice-switching antisense oligonucleotides as therapeutic drugs,” Nucleic Acids Res. 44(14):
6549-6563 (2016)),

{0044} One or more agents provided herein can be in a pharmaceutically acceptable carrier,
The term carrier means a compound, composition, substance, or structure that, when in
combination with a compound or composition, aids or facilitates preparation, storage,
admunistration, delivery, effectiveness, selectivity, or any other feature of the compound or
composition for its intended use or purpose. For example, a carrier can be selected to minimize
any degradation of the active ingredient and to minimize any adverse side etfects in the subject.

Such pharmaceutically acceptable carriers include sterile biocompatible pharmaceutical carners,
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mcluding, but not limited to, saline, buffered saline, artificial cerebral spinal fluid, dextrose, and
water.

{0045} Maodes of admunistration of the compositions used in the invention are exemplified
below. Any of the GABPBI1L inhibitors described herein can be delivered by any of a variety of
routes including: by injection (e.g., subcutaneous, intramuscular, intravenous, mtra-arterial,
mtraperitoneal), by continuous intravenous infusion, cutaneously, dermally, transdermally, orally
(e.g., tablet, pill, higuid medicine, edible film strip), by implanted osmaotic pumps, by
suppository, or by aerosol spray. Routes of admunistration include, but are not limited to, topical,
mntradermal, intrathecal, intralesional, intratumoral, intrabladder, intravaginal, intra-ocular,
mtrarectal, intrapulmonary, intracranial, intraventricular, intracerebroventricular, intraspinal,
dermal, subdermal, intra-articular, placement within cavities of the body, nasal inhalation,
pulmonary inhalation, impression into skin, and electroporation.

[0046] In an exaraple n which a nucleic acid 1s employed, such as, an antisense, a
morpholino, an siRNA molecule, or a locked nucleic acid, the nucleic acid can be delivered
mntracellularly (for exarmple by expression from a nucleic acid vector or by receptor-mediated
mechanisms), or by an appropriate nucleic acid expression vector which i1s administered so that it
becomes mtracellular, for example by use of a retroviral vector {(see U.S. Patent No. 4,980,286},
or by direct injection, or by use of microparticle bombardment (such as a gene gun; Biolistic,
Dupont), or coating with hipids or cell-surface receptors or transfecting agents, or by
administering 1t n linkage to a homeobox-like peptide which 1s known to enter the nucleus (for
example Joliot et al, Proc. Natl. Acad. Sc1. USA 1991, 88:1864-8). Nuclewc acid carniers also
melude, polyethylene glycol (PEG), PEG-liposomes, branched carriers composed of histidine
and lysine (HK polymers), chitosan-thiamine pyrophosphate carriers, surfactants, nanochitosan
carriers, and DSW solution. The present disclosure includes all forms of nucleic acid delivery,
mcluding synthetic oligos, naked DNA, naked antisense ohigonucleotides, plasmid and viral
delivery, integrated into the genome or not. Nugcleic acids can also be delivered gymnotically.
See for example, Soifer et al. “Silencing of gene expression by gymnotic delivery of antisense
oligonucleotides,” Methods Mol Biol 815: 333-46 {2012), hereby incorporated 1n its entirety by
this reference.

{0047} As mentioned above, vector delivery can be via a viral system, such as a retroviral

vector system which can package a recombinant retroviral genome (see e.g., Pastan et al |, Proc.
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Natl. Acad. Sci. U5 A 85:4486, 1988; Miller et al., Mol Cell. Biol. 6:2895, 1986). The exact
method of introducing the altered nucleic acid into mammalian cells 1s, of course, not limited to
the use of retroviral vectors. (ther techniques are widely available for this procedure including
the use of adenoviral vectors (Mitani et al., Hum. Gene Ther. 5:941-948, 1994), adeno-associated
viral {AAV) vectors {Goodman et al, Blood 84:1492-1500, 1994), lentiviral vectors (Naidini et
al., Science 272:263-267, 1996}, and pseudotyped retroviral vectors {Agrawal et al., Exper.
Hematol. 24:738-747, 1996},

{0048] The nucleic acid can also be encapsulated in a nanoparticle or chemically conjugated
to a carrter. For example, the nucleic acid can be chemically conjugated to a cell or a tissue-
targeting ligand , such as an antibody or a ligand for a cell-surface receptor to target nucleic acid
to specific cell types or tumor environments.

{0049] Physical transduction techniques can also be used, such as liposome delivery and
receptor-mediated and other endocytosis mechanisms {(see, for example, Schwartzenberger et al,
Blood 87:472-478, 1996) to name a few examples. This invention can be used 1n conjunction
with any of these or other commonly used gene transfer methods.

[0050] The effective amount of an agent, for example, a safe and effective amount or a
therapeutically effective amount can depend on the nature of the disease and can be determined
by standard chinical techniques. Therefore, these amounts will vary, Multiple dosages can also
be administered depending on the disease, and the subject’s condition. In addition, in vifro
assays can be employved to identify optimal dosage ranges. The precise dose to be employed in
the formulation will also depend on the route of administration, and the seriousness of the
disease or disorder, and should be decided according to the judgment of the practitioner and each
subject's circumstances. Effective doses can be extrapolated from dose-response curves derived
from in vitro or amimal model test systems. Depending on the intended mode of administration,
a pharmaceutical composition comprising one or more agents described herein can be in the form
of sohid, semi-solid, or hiquid dosage forms, such as, for example, tablets, suppositories, pilis,
capsules, powders, liquids, aerosols, or suspensions, preferably in unit dosage form sustable for
single administration of a precise dosage. The compositions will include a therapeutically
effective amount of the agent described herein or derivatives thereof in combination with a
pharmaceutically acceptable carrier and, in addition, can include other medicinal agents,

pharmaceutical agents, carriers, or diluents. By pharmaceutically acceptable is meant a material
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that 18 not biologically or otherwise undesirable, which can be administered to an individual
along with the selected compound without causing unacceptable biological effects or interacting
in a deleterious manner with the other components of the pharmaceutical composition in which it

is contained.

COMPOSITIONS
{0051} Compositions for reducing TERT expression in a TERT promoter mutant cell or a
TERT promoter mutant cancer are provided. Described herem are antisense oligonucleotides of
between about 10 and about 50 nucleotides in length, wherein the antisense oligonucleotide
comprises a nucleotide sequence that is complementary to a sequence inthe 3’UTR of a
GABPBIL mRNA or a nucleotide sequence in an GABPBIL mRNA that encodes exon 9. In
some examples, the antisense oligonucleotide comprises a nucleotide sequence that 1s
complementary to a sequence comprising SEQ ID NO: 1, SEQ 1D NO: 2 or SEQ ID NG: 3 in the
JUTR of a GABPBIL mRNA. These include, but are not limited to an antisense
oligonucleotide comprising SEQ ID NG: 7, SEQ ID NO: 8 or SEQ 1D NG: 9. In other examples,
the antisense oligonucleotide comprises a nucleotide sequence that s complementary to a
sequence comprising SEQ 1D NGO 4, SEQ 1D NO: S or SEQ 1D NO: 6 in the GABPBIL mRNA
sequence encoding exon 9 of GABPBIL. These include, but are not limited to an antisense
oligonucleotide comprising SEQ 1D NG: 10, SEQ ID NO: 11 or SEQ ID NO: 12,
{0052] In some examples, the antisense cligonucleotide 13 between about 10 and about 40
nucleotides in length, between about 10 and about 30 nucleotides in length or between about 10
and about 25 nucleotides 1 length. In some examples, the antisense cligonucieotide is between
about 13 and about 40 nucleotides 11 length, between about 13 and about 30 nucleotides in
length or between about 13 and about 25 nucleotides in length. In other examples, the antisense
oligonucleotide 1s between about 14 and about 40 nucleotides mn length, between about 14 and
about 30 nucleotides in fength or between about 14 and about 25 nuclectides in length. In other
examples, the antisense oligonucleotide 1s between about 15 and about 40 nucleotides in length,
between about 15 and about 30 nucleotides in length or between about 15 and about 25
nucleotides in length.
{0053} Optionally, the antisense oligonucleotides can be in a vector, for example, a plasmid

or a viral vector, as described above. Optionally, the antisense oligonucleotide can be combined
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with or conjugated to a carrier, for example, a cell, a celi-specific ligand or a tissue-targeting
ligand (e.g., an antibody or a ligand for a cell surtace receptor), polvethylene glycol (PEG), PEG-
liposomes, branched carriers composed of histidine and lysine (HK polymers), chitosan-thiamine
pyrophosphate carriers, surfactants, nanochitosan carriers, and DSW solution. Optionally, the
carrier can be a pharmaceutically acceptable carrier. Optionally, the antisense oligonucleotide
can be encapsulated in a nanoparticle. A plurality of nanoparticles comprising the antisense
oligonucleotides described herein are also provided.

{0054] Optionally, the antisense oligonucleotides, nanoparticles comprising the antisense
oligonucleotides or antisense oligonucleotides combined with or conjugated to a carrier are ina
pharmaceutically acceptable composition.

{0055] Disclosed are materials, compositions, and components that can be used for, can be
used i conjunction with, can be used in preparation for, or are products of the disclosed methods
and composttions. These and other materials are disclosed herein, and 1t 15 understood that when
combinations, subsets, imteractions, groups, etc. of these matenals are disclosed that while
specific reference of each various individual and collective combinations and permutations of
these compounds may not be explicitly disclosed, each 1s specifically contermnplated and
described herein. For example, if a method s disclosed and discussed and a number of
modifications that can be made to one or more molecules ncluding in the method are discussed,
each and every combination and permutation of the method, and the modifications that are
possible are specifically contemplated unless specifically indicated to the contrary. Likewise,
any subset or combination of these 1s also specifically conternplated and disclosed. This concept
applies to all aspects of thus disclosure including, but not himited to, steps in methods using the
disclosed compositions. Thus, if there are a variety of additional steps that can be performed, 1t
1s understood that each of these additional steps can be performed with any specific method steps
or combination of method steps of the disclosed methods, and that each such combination or

subset of combinations s specifically contemplated and should be considered disclosed.

EXAMPLES
{0656] The following examples are provided by way of illustration only and not by way of
limitation. Those of skill in the art will readily recognize a variety of non-critical parameters that

could be changed or modified to yield essentially the same or similar results.
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{0057} Reactivation of telomerase reverse transcriptase (TERT) expression is necessary to
overcome replicative senescence (aging} and prevent cell apoptosis. Over fifty tvpes of cancer
acquire TERT promoter mutations. These single point mutations reactivate telomerase, allowing
for indefinite maintenance of telomere length and enabling cellular immortalization (Horn et al.
TERT Promoter Mutations in Familial and Sporadic Melanoma. Sci. (New York, NY) (2013);
Huang et al. Highly Recurrent TERT Promoter Mutations in Human Melanoma. Sci. (New York,
NY} (2013); Arita et al. Upregulating mutations in the TERT promoter commonly occur in adult
malignant gliomas and are strongly associated with total 1p19q loss. Acta Neuropathol. 126,
subset of tumors derived from cells with low rates of self-renewal. Proc. Natl. Acad. Sci. 110,
60216026 (2013)). The transcription factor binding site created by the point mutations
spectfically recruit the E26 transformation-specific (ETS) factor GA-binding protein (GABP), a
multimeric transcription factor composed of the GABP« and GABPJ subunits (Bell et al.
Cancer. The transcription factor GABP selectively binds and activates the mutant TERT
promoter in cancer. Sci. (New York, NY) 348, 10361039 (2015); Stern et al. Mutation of the
TERTpromoter, switch to active chromatin, and monoallelic TER Texpression 1o multiple
cancers. Genome Res. (2015)).

[0058] GABP can form two functionally independent transcription factor species, a dimer or
a tetramer, depending on which of the structurally distinct GABPJ 1soforms 15 incorporated into
the complex (Bell et al.; and Stern et al.). As shown herein, the GABPBIL tetramer-forming
isoform was necessary to activate the mutant TERT promoter. Also demonstrated was the
feasibility of engineering an antisense oligonucleotide { ASQO} targeting GABPBIL to reduce
TERT expression in TERT promoter mutant cells without ablating total GABP function. Finally,
as shown herein, a GABPB1L-targeted ASQO candidate can reduced GABPBIL levels in vivo
without the assistance of a delivery agent, showing the ability of this approach to treat cancers
harboring TERT promoter mutations.

{0659] Telomeres are composed of "TTAGGG" repeats at the end of chromosomes, and
telomere length plays a critical role in multiple human diseases including cancer (Moyzis et al. A
highly conserved repetitive DNA sequence, (TTAGGG)n, present at the telomeres of human
chromosomes. 85, 66226626 (1988}, Blasco, Telomeres and human disease: ageing, cancer and

beyond. Nat. Rev. Genet. 6, 611-622 {2005)).
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{0060} Telomere length is regulated by telomerase, a reverse transcriptase complex that
recognizes, binds, and elongates the telomere ends using an intrinsic RNA template (Bryan &
Cech, Telomerase and the maintenance of chromosome ends. Curr. Opin. Cell Biol 11, 318-324
{1999); Greider & Blackburn, E. H. Identification of a specific telomere terminal transferase
activity in tetrahymena extracts. Cell 43, 405413 (1985}). The TERT gene encodes the catalytic
subunit of telomerase, and its transcriptional regulation is usually the limiting step in telomerase
activity (Weinrich S L. et al. Reconstitution of human telomerase with the template RNA
component hTR and the catalytic protein subunit h'TRT Nat Genet. 17, 498-502 (1997},
Nakamura et al. Telomerase catalytic subunit homologs from fission veast and human. Sci. {(New
York, NY} 277, 955-959 (1997); and Meyerson et al. hEST2, the putative human telomerase
catalytic subunit gene, 15 up-regulated in tumor cells and during immortalization. Cell 90, 785~
795 (1997)).

{0061] Telomerase activity is silenced in the majority of normal tissues, causing telomeres to
shorten with each successive round of cell division (Hayflick & Moorhead, The serial cultivation
of human diploid cell strains. Exp. Cell Res. 25, 585-621 (1961)). Eventually, a critical telomere
length 1s reached (Haythick & Moorhead; Cong, et al. Human telomerase and its regulation.
Microbiol. Mol. Biol. Rev. 66, 407-25-table of contents (2002); Nandakumar & Cech. Finding
the end: recruttment of telomerase to telomeres. Nat. Rev. Mol. cell Biol 14, 69-82 (2013}) and
cells either enter replicative senescence or undergo programmed cell death (Huschtscha &
Holliday. Limited and unlimited growth of SVAQ-transformed cells from human diploid MRC-S
fibroblasts. J. Cell Ser. 63, 77-99 (1983);, Wright et al. Reversible cellular senescence:
implications for immortalization of normal human diploid fibroblasts. 9, 3088-3092 (1989); and
Counter et al. Telomere shortening associated with chromosome instability s arrested n
immortal cells which express telomerase activity. 11, 19211929 (1992)}). The reactivation or re-
expression of telomerase is considered a hallmark of tumorigenesis, as over 90% of human
cancers express telomerase to achieve replicative immortality (Kim et al. Specific Association of
Human Telomerase Activity with Immortal Cells and Cancer. Sct. (New York, NY} 266, 2011
2015 (1994); Phd, P. C.-B. et al. Methylation of the TERT promoter and risk stratification of
childhood brain tumours: an integrative genomic and molecular study. Lancet Oncol. 14, 534~
542 (2013); and Shay, J. W. & Bacchetti, 8. A survey of telomerase activity in human cancer.

Eur J. Cancer 33, 787-791 (1997)).
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{0062} Two hotspot point mutations were identified 1in the TERT promoter in 71% of
melanomas (Horn et al. and Huang et al ). These mutations are located 124 and 146 base pairs
upstream of the translation start site and referred to as C228T and C250T, respectively, based on
therr hg19 genomic coordinates. The mutations are typically heterozygous, occur in a mutually
exclusive fashion, and both create identical 11 base pair sequences (CCCGGAAGGGG). Both
mutations activate TERT promoter activity and TERT gene transcription. Soon after their nitial
discovery, the TERT promoter mutations were found to be the most common point mutations in
several tumor types including 83% of glicblastoma (Killela et al }, 71% of melanoma (Horn et al.
and Huang et al }, 66% of bladder cancer, and 47% of hepatocellular carcinoma (HCC) (Killela
et al; and Quaas et al. Frequency of TERT promoter mutations in primary tumors of the hiver.
Virchows Arch. (2014)). To date, the hotspot mutations have been identified in over 50 distinct
cancer types {(Bell et al Understanding TERT Promoter Mutations: A Common Path to
Immortality. Mol Cancer Res. 14, 315-323 (2016)).

[0063] On the basis of the identical 11bp DNA sequence motif created by the TERT
promoter mutations, the mechanism of promoter activation was hypothesized to involve
recruitment of an ETS famaly TF. There are 27 ETS factors, however, and most bind a very
similar DNA sequence in vitro, suggesting extensive redundancy {(Wei et al. Genome-wide
analysis of ETS~family DNA-binding in vitro and mn vivo. EMBG J. 29, 2147-2160 (2010)). It
was therefore surprising that GABPA but no other ETS factors were identified to be the TF
responsible for mutant TERT activationS. GABPa s the only ETS factor to selectively regulate
the mutant TERT promoter without affecting wild-type promoter activity, and its binding to the
mutant TERT promoter was conserved across cell ines from multiple cancer types including
GBM, melanoma, HCC, and neuroblastoma. This discloses transcription factor GABP as a
therapeutic target to inhibit telomerase in cancer cells harboring TERT promoter mutations.
{0664] The GABP transcription factor is an obligate multimer consisting of the BNA-
binding GABPa subunit and trans-activating GABPP subunit. GABP can act as a heterodimer
{GABPoP) composed of one GABPo and one GABPJ subunit or a heterotetramer (GABPa2p2)
composed of two GABPo and two GABPR subunits (Rosmarin et al. GA-binding protein
transcription factor: a review of GABP as an integrator of mtracellnlar signaling and protein-
protein interactions. Blood Cells. Mol Dis. 32, 143154 (2004)}). The GABPJ subunit is encoded
by two distinct genes: the GABPBI gene encoding GABPB1 and the GABPB2 gene encoding
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GABPPB2. The GABPB1 subunit has two distinct isoforms, a short GABPBIS soform and a
longer GABPBIL isoform, while the GABP{2 subunit has a single isoform {(Rosmarin et al; and
De La Brousse et al. Molecular and genetic characterization of GABP beta. Genes Dev. 8, 1853
1865 (1994)). Whereas the GABPBIS 1soform 1s only able to dimerize with GABPuq, both
GABPBIL and GABPJ2 possess a C-terminal leucine-zipper domain (LZD) that mediates the
formation of the GABP heterotetramer (Rosmarin et al. and De La Brousse et al.). Although
GABPBIL or GABPPR2Z form the GABP tetramer, GABP tetramers containing the GABPR1L
isoform are functionally distinct from GABPB2-containing tetramers and may control separate
transcriptional programs (Jing et al. GABPbeta2 1s dispensible for normal lymphocyte
development but moderately affects B cell responses. J. Biol. Chem. 283, 24326-24333 (2008),
and Yu et al. Targeting Tetramer-Forming GABPJ Isoforms Impairs Self-Renewal of
Hematopoietic and Leukemic Stem Cells. Cell Stem Cell 11, 207-219 (2012)). Furthermore,
while abolishing full GABP function results in early embryonic lethality 1n mice, knockout of the
tetramer-specific transcriptional program has minimal phenotypic consequences (Jing etal; Yu
et al ; and Xue et al. Targeting the GA binding protemn betalL isoform does not perturb
lymphocyte development and function. Mol Cell. Biol 28, 4300-4309 (2008)). Thus,
deternuning if the mutant TERT promoter is regulated by the GABP dimer, the GABP tetramer,
or both was critical to evaluating GABP as a therapeutic target. If the GABP tetramer 13
necessary to activate the mutant TERT promoter, the extent to which GABPBIL and GABPB2

are functionally redundant also impact GABP tetramer-targeted therapy.

Methods

{0065] Cell Caltare - GBMI, T98G, and U251 cells were cultured in DMEM/Ham’s F-12
1.1 media, 10% FBS, 1% Penicillin/Streptomycin. The GBM1 primary culture was previously
described in Bell et al. (2015). HEK293T cells were cultured in BMEM H-21 media,
supplemented with 10% FBS, 1% Non-Essential Amino Acids, 1% Glutamine and 1%
Penicillin/Streptomycin. HCT116 cells were cultured in McCov’s SA media supplemented with
10% FBS and 1% Penicillin/Streptomycin. OG1 1s a TERT promoter-mutant, IDH1-mutant
patient-derived recurrent high-grade oligodendroglioma culture. OG1 cells were cultured in
Neurocult NS-A {stem Cell Technologies) supplemented with 2mM L-Glutamine, 1%

Penicillin/Streptomycin, B-27 w/o vitamin A {Invitrogen), N2 supplement, 20 ng/mL EGF, and
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20 ng/mL bFGF, and 1% sodium pyruvate. Cells were grown on 1.6 ug/cm? laminin-coated and
dissociated with StemPro Accutase {Gibeo). SK-MEL-28 and SNU-423 cells were cultured in
RPMIE-1640, 10% FBS, 1% Penicillin/Streptomycin, ad 1% Sodium Pyruvate. All cells were
maintained at 37° Celsius, 5% CO2.

{0066} siBRNA / LNA-ASO Knockdown - Non-targeting, GABPB1, and GABPB2-directed
siRINA pools were obtamed from Dharmacon. Non-targeting, GABPA, TERT, and GABPB1-
directed (B1L-1,B1L-2B1L-3 UTR1, UTR2 UTR3) LNA-ASOs were designed and ordered from
Exigon. 100 puL of cells were seeded at a density of 30,000 cells/mL in a 96-well plate and
transfected 24 hours after with a final concentration 50 nM of SIRNA/LNA-ASO and 0.1 ul of
Dharmafect 1 reagent {Dharmacon). At 48 hours and 72 hours post-transfection, cells were lysed
and cDNA was generated using the POWER SYBR Green Cells-to-Ct kit {Ambion).
Quantitative PCR was performed to measure the expression levels of GUSE, TERT, GABPBIL,
and GABPB?2 as described below. All siRNAs were independently validated at 48 and 72 hours
post-transfection for >50% knockdown of target transcript in all cell lines.

[0067] RT-gPCR ~ Quantitative PCR was performed with POWER SYBR Green complete
master nux (Life Technologies) to measure the expression levels of GUSB, TERT, GABPBI,
GABPBIL, and GABPBZ. Each sample was measured in triplicate oo the Applied Biosystems
7900HT Fast Real-Time Systern. Melting curves were manually inspected to confirm PCR
spectficity. Relative expression levels were calculated by the deltaC'T method against GUSB.
{0068] Cell Viability Assays - Cell lines were seeded at a density of 5000 cells/mL in 96-
well plates. Att =24, 48 and 96 hours post-seeding, MTS {Cell titer 96 aquecus MTS, Promega)
was incubated for 2 hours at 37° C in a ratio of 1.5 in media, according to manufacturer’s
mstructions. Plate was read on the Bioplate Synergy 2 mucroplate reader at 490 nm. Cell
proliferation of individual samples was calculated by normalizing absorbance to their
corresponding absorbance at t = 24 hours. Each time point was analyzed in triplicates.

{8069} Enmunebletting - Immunoblotting for Cyclophilin B (loading control} and GABPB1
was performed using a rabbit anti-Cyclophilin B antibody PA1-027A (Pierce antibodies; 1:1000
dilution) and rabbit anti-GABPB1 antibody 12597-1-AP (Proteintech; 1:500 difotion) using the
NuPAGE system {Thermofisher), according to the provider’s instructions. Detection of primary
bands was done using the L1-Cor goat anti-rabbit 680RD secondary antibody {1:15000 dilution)

on the Li-Cor Odyssey Fc imaging system.
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{0670} TCGA Data Analysis - The collection of the data from The (Cancer Genome Atlas
{(TCGA) (Network, C. G. A. R Comprehensive genomic characterization defines human
glioblastoma genes and core pathways. Nature 455, 10611068 (2008)} was compliant with all
applicable laws, regulations, and policies for the protection of human subjects, and necessary
ethical approvals were obtained. Analysis of all data was done in R project version 3.3 .2
{(http://www r-project.org/}. Normalized RNA-seq expression data for GABP and TERT were
downloaded along with chinical information from TCGA (level 3 normalized data, December
2015, hitp://tcga-data.nci. mh. gov/icga/data AccessMatrix htm) for 143 ghioblastoma (109 TERT-
expressing and 34 TERT-deficient) samples, 49 oligodendroglioma (49 TERT promoter-mutant)
samples, and 249 colorectal cancer (249 TER T-expressing) samples. TERT mutation status was
obtained from Ceccarelli et al for all glioma samples {Ceccarelli et al. Molecular Profiling
Reveals Biologically Discrete Subsets and Pathways of Progression in Diffuse Glioma. Cell 164,
550-563 (2016). GABP soforms were analyzed for associations with TERT using Spearman’s
correlation. A hinear trend-line was generated using the PCA orthogounal regression line.

[0071] Iz vivo Studies - Immunocorpromised, nude mice were injected with 3 x 10°
DBTRGO5-MG glioblastoma cells (C228T TERTp mutant) intracramally using a Hamilton
syringe method and orthotopic turnors were allowed to grow until visible by live
bioluminescence imaging (BLI). Once tumors achieved 1 x 10° photons/second size by BLIL
mice were 1njected with erther vehicle control (PBS) or LNA-ASQ UTR1 via CED directly to
the tumor mass. All mice were sacrificed 3 days post LNA igjection and fresh tumor tissue was

collected for RNA analysis.

Results

{6072} To determine if the GABP dimer-forming isoform (GABPB1S) or the tetramer-
forming 1soforms (GABPBIL and GABPR2) regulate the mutant TERT promoter, siRNA-
mediated knockdown of GABPB1 and GABPBZ was used i three TERT promoter mutant cell
linegs {GBM1 [C228T], T98G [C250T], OGT [C228T]) and two TERT expressing, promoter
wild-type cell lines (HCT116 and HEK293T). GBM1 and T98G are TERT promoter mutant
primary GBM lines, and OG1 1s a patient-derived TERT promoter mutant recurrent
oligodendroglioma line. Knockdown of GABPBI significantly reduced TERT expression in all

three TERT promoter mutant cell lines, but had limited effect in TERT promoter wild-type lines
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{as shown 1n Figure 1). In contrast, siRNA-mediated knockdown of GABPB2 had no appreciable
effect on TERT expression irrespective of TERT promoter status {as shown in Figure 2). Dueto
the possibility of the GABP tetramer binding to the mutant TERT promaoter, expression of the
tetramer-forming GABPBIL isoform was specifically looked for in this knockdown study and
significant depletion of this isoform after siRNA-mediated knockdown in all three TERT
promoter mutant cell hines was confirmed (Figure 1).

{0073] This significant knockdown of GABPBIL led to testing of whether the expression of
TERT correlates with GABPBIL expression in TERT promoter mutant GBMs and
oligodendrogliomas. This analysis revealed a significant positive association between TERT and
GABPBI1S or GABPB2 (Figure 3) mRNA levels. Furthermore, analysis of GABP soform and
TERT expression data in the predommantly TERT promoter wild-type colorectal cancer revealed
no positive correlation between TERT expression and GABPBIL or GABPB2 expression
(Figure 3). Taken together, these data supported that the GABP tetramer-forming isoform
GABPBIL was necessary for activation of the mutant TERT promoter, and that GABPB2 and
GABPRIS did not play a role i mutant TERT activation.

{0674] Next, designing an antisense oligonucleotide {ASO}) to specifically target GABPBIL
while leaving GABPBIS mRNA expression intact was performed. Additionally, Locked Nucleic
Acid-ASOs (LNA-ASOs) was designed instead of research grade siRNA, as LNA-ASOs more
closely resemble ASOs that can be adminustered as therapeutics. LNA-ASOs are resistant to
endonucleases due to their Locked-Nucleic acid modified ribose ring, thus increasing thewr
stability 10 serum (Braasch & Corey, Locked nucleic acid (LNA): fine-tuning the recogrution of
DNA and RNA. Chem. Biol. 8, 1-7 (2001)}). They can cross cell membranes without assistance
from delivery agents, through a process called gymnnosis {Stein et al. Efficient gene silencing by
delivery of locked nucleic acid antisense oligonucieotides, unassisted by transfection reagents.
Nucleic Acids Res. 38, e3—e3 {2009); and Zhang et al. Down-modulation of cancer targets using
locked nucletc acid (LNA}-based antisense oligonucleotides without transfection. Gene Ther. 18,
326-333 (2010)). Due to these advances, chemically modified ASOs are in phase three clinical
trials for multiple human diseases including cancer {(Rigo et al. Pharmacology of a Central
Nervous System Delivered 2°-O-Methoxyethy-Modified Survival of Motor Neuron Splicing

Oligonucleotide in Mice and Nonhuman Primates. I Pharmacol Exp. Ther. 350, 46-55 (2014);
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Miller et al. An antisense sligonucleotide against SO delivered intrathecally for patients with
SOD1 familial amyotrophic lateral sclerosis: A phase 1, randonised, first-in-man study. Lancet
Newrol. 12, 435-442 (2013)).

{6075} Six LNA-ASOs specifically targeting GABPBIL through exon 9 or 1ts 37 UTR
(Figure 4) were designed and ordered from Exigon (LNA-ASO B1L-1, BIL-2, B1L-3, UTRI,
UTR2, UTR3 — as shown in Table 1 below).

Table 1
Name Antisense sequence Sense sequences
BiL-} TAGGAGCTGCTGTCGA (SEQ ID NO: 10)

TCGACAGCAGCTCCTA (SEQ ID NO: 4y
BiL-2 AACTTCTGTCTGTAGG (SEQID NO: 1D CCTACAGACAGAAGTT (SEQ ID NO: 5)
BiL-3 TTAAACAGCTTCTTTA (SEQ ID NG: 12 TAAAGAAGCTGTTTAA (SEQ ID NO: 6)
UTR1 CTAACCAACAACGATC(SEQID NO: T GATCGTTGTTGGTTAG (SEQ ID NO: 1)
UTR2 TGAACAGTCTGCCAGT (SEQ ID NO: 8) ACTGGCAGACTGTTCA (SEQ ID NO- 2)
UTR3 CAGTCCACCATAATTA (SEQ ID NO: 9) TAATTATGGTGGACTG (SEQ ID NO: 3)

{0076] As LNA-ASQOs can be non-specifically toxic to cells, their acute cell toxicity was first
tested via an MTS assay. (as shown m Figure 5). LNA-ASQs B1L-1 and UTR3 were found to be
acutely toxic, while LNA-ASGs UTR1T and UTR2 were found to have mild toxicity. Next,
whether GABPB1L-targeted LNA-ASOs could reduce TERT expression in a TERT promoter
mutant dependent manner was tested. LNA-ASO B1L-1 and B1L-2 were transfected into two
TERTp mutant cell hines (GBMT and U251), and one TERTp wild-type cell hine (SK-MEL-28).
Interestingly, LNA-ASQ B1L-2 was able to significantly reduce TERT expression in both
TERTp mutant lines while not having a significant effect in the wild-type line (Figure 6}.
Finally, whether the LNA-ASQGs were specifically silencing the GABPBIL isoform while
leaving the GABPB1S isoform intact was confirmed. Figure 7 shows that LNA-ASO B1L-1 and
UTR1 were able to reduce GABPBIL levels by more than 50% while leaving total GABPB1
levels altered less than 20%. Additionally, LNA-ASO UTR1 also reduced TERT expression by
~50%. Due to the acute toxicity previously observed with ENA-ASG B1L-1, it was decided to
focus on LNA-ASO UTR1 for further studies. The ability of LNA-ASO UTR1 1o specifically
silence GABPBI1L protein by western blot was also measured. Figure 8 shows that transfection

of LNA-ASO U'TRY mto the HCC cell cline SNU-423 resulis in 50% reduction of GABPBI1L

26




WO 2018/217975 PCT/US2018/034313

expression, while GABPBIS actually increases by 20%. These data support the design of an
ASQG to specifically silence GABPB1L and concomitantly reduce TERT expression from the
mutant TERT promoter in vitro.

{6077} To further validate the effects of GABPB{1 knockdown on TERT expression in
clinically relevant models of glioma, six primary cell cultures derived from patients with 7TERT
promoter mutant anaplastic oligodendroghioma (SF10471) or ghioblastoma (SF7996, SF8249,
SF8279, SFO030, and SF11411) were utilized. In addition to these patient-derived cultures, three
new TERT promoter wild-type lines were included as controls for 7ERT promoter mutation
specificity of GABPBIL knockdown. These TERT promoter wild-type lines are the human
astrocyte-derived line NHAPCS, the 1PSC-derived human neural precursor cell line hNPCs, and
the glioblastoma-derived line LN18. Both the siRNA pool targeting GABPB/! and the LNA-
ASO UTRI (SEQ ID NO: 7) targeting GABPBIL significantly reduced TERT expression across
the panel of TERT promoter mutant patient-derived cultures (Figures 9a and 10a) while having
no effect on the TERT promoter wild-type cultures (Figures 9b and 10b).

[0078] Both the GABPB I-targeting siRNA pool and the GABPRI I -targeting UTR1 LNA-
ASQO sigmficantly depleted GABPBIL mRNA levels (Figures 9¢, 9d, 10c¢, and 10d).
Additionally, the UTR1 LNA-ASO did not reduce GABPEIS levels in any culture assayed
{(Figure 10d). These data further validate the specificity of inlubiting GABPRIL to reduce TERT
expression in TERT promoter mutant glioma as 7ERT reduction was exclusive to the clinically
relevant 7ERT promoter mutant patient-derived ghoma lines and was not observed in the brain-
derived 7TFRT promoter wild-type lines.

{0679] A screen for splice switching LNA-ASQOs (ssLNAs) that inhubit GABPBI/L i TERT
promoter mutant glioma was also performed. The target region encompassed the entirety of
GABPBI exon 9 ({GABPB1 L-specific) and the adjacent upstream inironic region and
downstream 3° UTR. The GABPB/ [ -targeting LNA-ASQ UTR1 reduces GABPRIL levels
through an RNase H-dependent degradation mechanism. To minimize the off-target effects
associated with RNase H-activating LNA-ASQs, a library of non-degradatory splice-switching
LNA-ASQs {ssENAs) was screened for inhibition of GABPR/L. splicing. In brief, these ssLNAs
occlude splice recognition sites on the GABP B pre-mRNA to prevent maturation of the
GABPBII mRNA without eliciting an RNase H response. To prevent RNase H activation,

ssLNAs alternate LNA-modified ribonucleotides and unmodified deoxyribonucleotides along the
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entirety of the phosphorothioate antisense oligonucleotide backbone. Using ssLNAs to inhibit
splicing of GABPRII. is thus a novel and unique approach to deplete 7ERT in TERT promoter
mutant glioma.

{0680] The disclosure also describes achieving a similar level of GABPBIL inhibition
through in vivo adnunistration of a GABPB1L-targeted ASO, in the absence of transfection
reagent. A pilot experiment using 6 mice harboring intracranial xenografts of DBTRGOS-MG
GBM cells was performed. Once the tumor size became detectable by live bioluminescence
mmaging, the orthotopic tumors were injected with either LNA-ASG UTRI (n=4) or vehicle
control (n=3}. Mice were sacrificed three days after LNA-ASQ injection and the tumors were
harvested for RNA 1solation and RT-gPCR analysis. Figure 11 shows that the tumors in the
treatment group had significantly reduced GABPBIL mRNA expression compared to the control
group. Thus, this shows an LNA-ASO that can be delivered without a delivery reagent in vivo to
specifically target the GABPBIL isoform in TERT promoter mutant tumors

[0081] The studies provided herein showed that GABPBI1L 1s the only GABPB isoform
required to activate the mutant TERT promoter, and that it 1s possible to design a chemucally
modified ASO to silence GABPBIL, reduce TERT expression, and leave GABP dimer function
intact. These data support methods of targeting GABPBI1L to reduce telomerase in TERT
promoter mutant cancers. Genetic knockout of either GABPA or total GABPBI1 (GABPBIS and
GABPBIL), results in embryonic lethality 1n mice, indicating that total GABP function 1s vital
for healthy cell function (31,37}, This lethality phenotype sigmficantly limits the potential to
block total GABP function as a strategy to therapeutically intervene with mutant TERT
activation. In addition, both GABPBI1L and GABPB2 can form the GABP heterotetramer
highlighting the potential for functional redundancy 1o the target genes they regulate({28).
However, as shown herein, there is striking specificity for the GABPB1L isoform, but not the
GABPB2 isoform, to regulate mutant TERT expression. Thus, a GABPB1L-targeted therapeutic
wiil achieve potent TERT reduction without creating the severe patient toxicities we would
expect from total GABP functional mhibition.

{0082} Although specific inhibition of GABPBIL via small molecules is possible, this may
prove challenging, as the only difference between GABPB1IS and GABPBIL is the LZD
encoded by exon 9. In contrast, ASOs are well suited to this type of target as they can be

specifically designed to inhibit one 1soform but not the other. LNA-ASOs were tested to prove
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that these next-generation ASGs could be used to target GABPBIL in vivo. The Locked Nucleic
Acid modification {where the ribose ring s connected by a methylene bridge between the 27-0
and 4°-( atoms), allows for smaller sequences to attain the necessary binding affintties to
hybridize to their targets at physiological temperature and pH. It also renders the ASOs more
resistant to endonuclease degradation in the serum (Braasch & Corey). Unassisted cell uptake
{termed gymnosis} has also been documented with LNA-ASGs, though the exact mechanism has
vet to be elucidated(Stein et al ; and Zhang et al. ). Thus, chemically modified ASOs like LNA-
ASQOs provide a viable therapeutic modality that can effectively block GABPBIL function in
cancer patients. There are also other modified oligonucleotide chemistries that have similar or
superior effects on ASQOs than LNAs. These include, Bridged Nucleic acids (BNAs), peptide
nucleic acids (PNAs), ethylene-bridged nucleic acids {ENAs), 2°-O-methy! (2-OMe) modified
RNA, 27-O-methoxvethyl (2-MOE) modified RNA, hexitol nucleic acids, and oligonucleotides
with Phosphorothioated backbones{Thomas et al. Antitumor Effects of EGFR Antisense
Guanidine-Based Peptide Nucleic Acids in Cancer Models. 8, 345-352 (2013); Topics, C.
Biological and Pharmaceutical Aspects of Nucleic Acids Chemistry 2 -0 |, 4 -C-Ethylene-
Bridged Nucleic Acids { ENA TM ) as Next-Generation Antisense and Antigene Agents. 27,
453456 (2004); Kang et al. Inhibition of MDR1 gene expression by chumeric HNA antisense
oligonucleotides. 32, 46-51 (2004); Rahman et al. EXCELLENT HYBRIDIZING AND
NUCLEASE RESISTANCE PROFILES. 16251628 (2007}, doi:10.1080/15257770701548980;
Technology, A. Development of Bridged Nucleic Acid Analogues for Antigene Technology. 52,
13991404 (2004); and [roanisht & Obika. BNAs : novel nucleic acid analogs with a bridged
sugar moiety. 16531659 {2002)). Creating an ASO with one or multiple of these chemical
modifications can be used to achieving stabile GABPBIL inhibition in patients while mimimizing
non-specific toxicities}).

{0683] In some embodiments, in addition to stabilizing backbone chemical modifications, a
GABPBIL targeted ASQ is coupled with a delivery technology to further increase 1ts efficacy,
improve tissue distribution, and reduce toxicity. Though the ability to achieve GABPBIL
knockdown in vivo through direct delivery into tumor tissue has been demonstrated herein, many
eroups, encapsulating ASOs in nanoparticles (NPs) can increase their effectiveness (Zatsepin &
Koteliansky, Lipid nanoparticles for targeted siRNA delivery — going from bench to bedside. Int

J Nanomedicine. 11, 3077-3086 (2016)}). An alternative method to NPs is to chemically
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conjugate an ASQ to a cell- or tissue-targeting higand such as an antibody or a ligand for a cell
surface receptor{iuliano, R. L. The delivery of therapeutic oligonucleotides. Nucleic Acids Res.
44, 6518-6548 (2016}, and Layek & Singh, J. Cell penetrating peptide conjugated chitosan for
enhanced delivery of nucleic acid. International Journal of Molecular Sciences 16, 28912-28930
(2015}, Doing so can increase the effective ASO concentration at the tissue type harboring the
resident tumor. In some embodiments, this is a component of ASQO based GABPBIL targeted
therapy.
{6084} Six LNA-ASQOs designed to specifically inhubit the mRNA of GABPBIL have been
synthesized. Although decreased TERT mRNA expression was achieved with several LNA-
ASQs, one of these six {UTR1) was able to achieve significant GABPB1L knockdown and
concomitantly reduced TERT mRNA expression. Any ASO which targets the intron between
exon eight and nine of GABPBI, any part of exon nine, or the GABPB1L-specitfic 3’ UTR could
be used to silence GABPBIL while leaving GABPBI1S transiation mtact. The optumal
GABPBIL targeted ASO will depend on the chemical modifications used as well as thewr
position m the ASQO sequence, which can be determuned based on routine experimentation.
[0085] Finally, as disclosed herein, the therapeutic applications of a GABPBIL targeted
ASO applies to any cancer indication harboring TERT promoter mutations. This includes 83% of
glioblastoma, 71% of melanoma, 66% of bladder cancer, and 47% of hepatocellular carcinoma.
These mutations have now been found to exist in over 50 distinct cancer types, highlighting the
significant need for the disclosed therapies. The data provided herein proves the ability for
mhibiting GABPBIL translation to block mutant TERT activation while leaving GABP dimer
function ntact, thus treating a TERT promoter mutant cancer.
{0086] Publications cited herein and the material for which they are cited are hereby
specifically incorporated by reference in their entireties. A number of embodiments have been
described. Nevertheless, 1t will be understood that various modifications may be made.

Accordingly, other embodiments are within the scope of the claims.

GABPBIL mRNA Sequences
{6087} mRNA sequence comprising exon 9 and the 3° UTR of GABPB1L (SEQ ID NO: 13)

CAGAAATAGAAGAGAGAGAAGCTCTTCAGAAACAGCTGGATGAAGCAAAT CGAGAAGCATARARMATATCG, A("AL"A ;CTC

CTAAAGAAAGAACAGGAAGCAGAGGCUCTACAGACAGAAGCTTGGAAGCTATGACTCGTCTTCAGACTAATARAAGAAG T

TTAATTGAAATGAACATGTAGT ""”’ff\”"l’ CTACTTTTGGTC xs]\’JAA]\’JAZ\”’ACFU\'LC’."T”A]\ZL’G”’ACF\\,[\AC%J\L
\GCCATGGGAATACAGAAT GATAGALGAG ACTACAGA GGATAATTGGACTTAAGCCATGAGCTCTGAGTTCTT
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TAGAAGTTGTGAAATGTATTTAAAACT GAATTCTGTARATAGTTTTTTTTTTTTTACAGT TCCAAAT
] \AAGATTGTTGAAGAGATCCAAARL C]-\.r':"uh TAAGCCACTGTTTTT G’“ GRAATTCTTTTTGATTTTAGTACAAR
CCT il 1.T CTCAGAARACGGAACAGTTTTAAGGGT ) ; ] AATGTTGETGTAATAATTATGGTGGA
CTGATGCTGGAATTACTCCTGTAGGTATARACC ' T T(‘ CAGGAAARTCTTTGTACAGCTTTA
AGTTGTGTCAGATTCTCTGAAAACATTTTTT L.x’\n}\, ‘Cz"u AR T T T T 7-‘\'“:" T 'q ITCARTTTCAGCTATACCCARAGTAGA
TTTACATGTATATGAAGCAAATAT TTTTAAAAATTTCTGTTIGTACATAT TCTGCATGTTITATAATTTCAAAATGCATC
ACTT TTTCTCCCACAGAAAT GAT GAALGT GACCAL:AAAP HFAAAAA\,AAAA CCCCTTTA AGET
oTNe N

ACTTACATAGK A c
CAGCTGGTTTTATTGGAATGACAGTGTTCTCGGARAGGAGCAGCCTACAARS

-

/

{

TOT

TC
CATTGAAACGAAGTAAGCTS ATAACTTGA

ATTTGCCAATT ’"T GCARAATCTGTGCTTTTTTGAAAAT TTAAGAGT GGGGACK ”TGA]\.A CTGTATTCTGTGCCTTCCATCA
TGATTTCCACATGAAAGCACTTTAAGGCACTGATTTTAAGATAATGTTTTTGGAAAACCCAATGE ATTAT('G GTTTCTGAA
ATATTTTATGGACTTATTTCTCCCCAGGAAATGATTC

3
3
)

GARAAAPATTGOTTTTGTATGTAGAACAGGAACTTTTT
CATGTCTANTGTAACT] : Ce AGCT e 'GCTATGACTTG
ATTCCACAATGTATGGACATTAAACACTGGE, GTTCACTTT. TTTTT
CCCTTTTTOTTGCTT TAT TT T T CAGTGTT T TAT TGCT TTATGAAC BCCCTGAR
TATTTTGCAAT

TGCAATAGA
ATPT‘\:‘ TGA.
TACTTCARAC!
C
TG

S GTTAT CTATA

GT TGTATAAAAALGCAAT TACCCTTARAACTGTACTCTGGCCTACT
TT"‘ACAJ ATGTTCATTGTAGACTTATGTTTTTAT CACATCTTATTAACACATTAAA TTATCCTAC

{0088] 1nRNAsawmwem%m3’UTRofGABPBHJ@EQiDPﬁ}1@

TTGRAATGAACATGTAGTTTGATTTTACTTTTGCTCAAGARAGAATACAATCTTGAACTGTACATARC
AAAGGTACAGCCATGGCAATACAGARTGATAGRAGAGACTACAGATGCATAATTGGACTTAAGCCATGAGCTCTGAGTTC
TTGETAACATAAAACTT TACTT TAGARGT TGTGRAATGTATTTAAAACTGAATTCTGTAAATAGTTTT TTTTTTT TTACAG
TTCCAAATGAGTTGATARAGATTGT TGAAGAGATCCAARACCAGARTAAGCCACTGTTTTTGTGAATTCTTTTTGATTTT
AGTRCAAACCTTAATTTCTCAGAARCGGAACAGTTTTARGGGTGATCCTTGTTGCTTAGGCCAMATGTTGTGTAATAATT
ATGGTGGACTGATGCTGGAATTACTCCTGTAGCTATAAACCTCTGTATGAAGACGAAGATTTCTCCCAGGAAATCTTTGTA
CAGCTTTAAGTTGTGTCAGATTCTCTGAAAACAT T TTTTAGAAAGCAAMAT TT TTATATT TGTTCAATTTCAGCTATACT
CAAGTAGATTTACATGTATATGAAGCAAATAT TTTTAARAATTTCTGTTTGTACATAT TCTGCATGTTTTATARTTTCAA
AATGCATCACTTACATAGGTATTTCTCCCACAGAAATGATGAAAGTGACCAGRARAAALCARAAACRARACCCCTTTACT
CTGTAGGTCATTGAAACGAAGTAAGCTGGCAGCTGGTTT TAT TGGANT GACAGTGTTCTCGGRAAGGAGCAGCCTACAAGA
TAACTTGAATTTGCCAATTCTGCARRAT CTGTGCTTTTT TGAARAT TTAAGAGTGGGGACGTGARACTGTATTCTGTGCC
TTCCATCATGATTTCCACATGAAAGCACTTTAAGGCACTGAT TT TAAGATAATGTTTTTCGAAMACCCAATGCATATGGGS
TTTCTGARATATTTTATGGACTTATTTCTCCCCAGGARATGATTCTTACGGARARARATTGCTTTTGCTATGTAGAACA

CTTTTTGTATTACAGTGATGCAATAGACATGTCTAATGTAACTTCTACTTT TCCTTTTGARAGCTCAGTGTCTGTGC
CTCTCATCACAATATTGTTGARTTCCACARATGTATGGACAT TRAAACACTGGCAGACTGTTCACTTTTTC
TTTTTTTTTGETAAAATAT TACT TCARACCCCTTTTTC T TGCT T TAT T T TTCAGT GT T T TATTGCT T TATGAACT
ACCCTGAAATCCCTCTAGGTTATCTATACTGTATAAARRAGCAAT TACCCTTAARACTGTACTCTGGCCTACTTTTCTAT
TTTGCAATTAAATATCTT T TTCACATATGT TCATTGTAGRCT TATGTTTTTAT CACAT CT TATTAACACATTAARRANTGT
TATCCTACTGC

{0089] mRNA sequence of exon 9 of GABPBIL (SEQ IB NG 15)

GAGAGAGAAGCTCTTCAGAARCAGCTGGAT GAAGCARAT CGAGAAGCACARDART ATCHA
AGCAGCTCCTRAAAGAAAGAACAGGRAGCAGAGGCCTACAGACAGARGTTGCGARGCTATGACTCGTCTTCAGACTAATAAR

GAAGCTGTTTRA

AN

TTTA
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What is claimed is:

1.

9.

10.

A method for treating a cancer associated with a telomerase reverse transcriptase (TERT)
promoter mutation in a subject comprising administering to the subject a therapeutically
effective amount of an agent that specifically reduces or inhibits GA binding protein
transcription factor beta subunit 1 long 1soform {GABPBI1L) expression or function,
thereby treating a cancer associated with a TERT promoter mutation.

The method of claim 1, further comprising dentifying one or more mutations in the
TERT promoter of the subject prior to administering the agent that specifically reduces or
inhibits GABPBI1L expression or function.

The method of claim 1 or 2, wherein the agent is an antisense oligonucleotide comprising
a sequence that specifically hybridizes to a nucleic acid sequence in the 3 untranslated
region (UTR}) of a GABPBIL mRNA.

The method of claim 3, wherein the antisense oligonucleotide comprises a nucleotide
sequence that 1s complementary to the sequence set forth as SEQ ID NG: 1, SEQ ID NG:
2 or SEQ ID NG: 3,

The method of claim 1 or 2, wherein the agent 15 an antisense oligonucleotide comprising
a sequence that specifically hybridizes to a nucleic acid sequence of a GABPBIL mRNA,
wherein the nucleotide sequence encodes exon 9 of GABPBIL.

The method of claim 5, wherein the antisense oligonucleotide comprises a nucleotide
sequence that 1s complementary to the sequence set forth as SEQ ID NG: 4, SEQ 1D NG:
Sor SEQ ID NOG: 6.

The method of any one of claims 3-6, wherein the antisense ohigonucleotide 1s a locked
nucleie acid (LNA) antisense ohigonucleotide.

The method of any one of claims 3-7, wherein the antisense cligonuclectide s between
about 10 and about 50 nucleotides in length.

The method of claim &, wherein the antisense oligonucleotide 1s between about 13 and
about 25 nucleotides in length.

The method of one any of claims 1-9, wherein the cancer 1s selected from the group
consisting of skin cancer, head and neck cancer, ghioblastoma, oligodendroglioma,
ovarian cancer, bladder cancer, thyroid cancer, renal cancer, bladder cancer, and hver

cancer.
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14.

5.

16

18

19.

20.

21

22.

23.

The method of any one of claims 1-10, further comprising administering another cancer

therapy to the subject.

. The method of claim 11, wherein the cancer therapy 1s selected from the group consisting

of radiation therapy, chemotherapy and surgery.

3. An antisense oligonucleotide of between about 10 and about 50 nucleotides in length,

wherein the antisense oligonucleotide comprises a sequence that is complementary to the
sequence set forth in any one of SEQ ID NGs: 1,2, 3,4, Sor 6.

The antisense oligonucleotide of claim 13, wherein one or more nucleotides in the
antisense oligonucleotide is an analog of a natural nucleotide.

The antisense oligonucleotide of claim 14, wherein the analog of the natural nucleotide 1s
a Locked Nucleic Acid (LNA), Bridged Nucleic Acid (BNA), peptide nucleic acid
(PNA), ethylene-bridged nucleic acid (ENA), 2°-O-methyl (2-OMe) moditied RNA, 2°-
O’ -methoxyethyl (2-MOFE) modified RNA, hexitol nucleic acid, and/or a
phosphorothicate nucleotide.

The antisense oligonucleotide of claim 15, wherein the analog of the natural nucleotide 1s

a LNA molecule,

. The antisense oligonucleotide of any one of claims 13-16, wherein the antisense

oligonucleotide 15 between about 13 and about 25 nucleotides i length.

The antisense oligonucleotide of any one of claims 13-17, wherein the antisense
ohgonucleotide 15 1n a vector.

The antisense oligonucleotide of any of claims 13-18, wherein the antisense
ohigonucieotide 15 conjugated to a cell,

The antisense oligonucleotide of any of claims 13-18, wherein the antisense
oligonuclestide 1s conjugated to a cell- or tissue-specific ligand.

The antisense oligonucleotide of claim 20, wherein the cell- or tissue-specific ligand is an
antibody or a ligand that binds to a cell surface receptor.

A pharmaceutical composition comprising the antisense oligonucleotide of any one of
claims 13-21.

A nanoparticle comprising the antisense oligonucieotide of any one of claims 13-18.

. A pharmaceutical composition comprising the nanoparticle(s) of claim 23.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/US18/34313

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
[j on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of intemational search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of intemational search only:

D in the form of an Annex C/ST.25 text file (Rule 13¢er.1(a)).

D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US18/34313

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 7-12, 18-24

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No (equired additional search fees ‘were }imely pa}id by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-2, 3/1-2, 4/1311-2, 5/1-2, 13-16, 17/13-16; SEQ ID NO: 1

Remark on Protest I:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORYT

International application No.
PCT/US18/34313

A.
IPC
P

CLASSIFICATION OF SUBJECT MATTER
- AB61K 48/00; C12Q 1/68; C40B 30/06; GO1N 3

© AB1K 48/00; C12Q 1/68, 1/6883; GO1N 33/68,

3/68 (2018.01)
33/5008, 33/502, 33/5044

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

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

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

US 2008/0318228 A1 (LEE et al.) December 25, 2008;

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y BELL, et al. ‘The Transcription Factor GABP Selectively Binds and Activates the Mutant TERT | 1-2
Promoter in Cancer’ Science, 2015, 348(6238), pp 1036-1039; abstract; page 2, third —- fourth
paragraphs; page 3, second paragraph. DOI:10.1126/science.aab0015.
Y US 2007/0203083 A1 (MOOTHA, et al.) August 30, 2007; paragraphs [0029], [0098], [0099], 1-2
[0188]; claim 35
A US 2015/0191724 A1 (THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA) July 9, 4/3/1-2, 511-2
2015; paragraphs [0031], [0061]
A US 2009/0215178 A1 (TANG) August 27, 2009; claim 8 13-16, 17/13-16

paragraph [0045] 13-16, 17/13-16

|—_—] Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

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

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application 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

13 September 2018 (13.09.2018)

Date of mailing of the international search report

25 SEP 2018

Name and mailing address of the ISA/

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

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: §71-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members PP

PCT/US18/34313

-***-Continued from Box No. Ill Observations where unity of invention is lacking: -***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+, Claims 1-6, 13-17 and SEQ ID NO: 1 (nucleic acid sequence) are directed toward a method for treating a cancer associated
with a telomerase reverse transcriptase (TERT) promoter mutation in a subject comprising administering to the subject a therapeutically
effective amount of an agent that specifically reduces or inhibits GA binding protein transcription factor beta subunit 1 long isoform
(GABPBIL) expression or function, thereby treating a cancer associated with a TERT promoter mutation.

The methods will be searched to the extent that they encompass a nucleic acid sequence encompassing SEQ ID NO: 1 (first exemplary
nucleic acid sequence). Applicant is invited to elect additional nucleic acid sequence(s), with specified SEQ ID NO: for each, or with
specified substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each elected species is fully specified (i.e. no
optional or variable residues or substituents), to be searched. Additional nucleic acid sequence(s) will be searched upon the payment of
additional fees. It is believed that claims 1-3, 4 (in-part), 5, and 13-17 (each in-part) encompass this first named invention and thus these
claims will be searched without fee to the extent that they encompass SEQ ID NO: 1 (nucleic acid sequence). Applicants must specify
the claims that encompass any additionally elected sequence(s). Applicants must further indicate, if applicable, the claims which
encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify how any paid
additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined. An
exemplary election would be SEQ ID NO: 2 (nucleic acid sequence).

No technical features are shared between the nucleic sequences of Groups |+ and, accordingly, these groups lack unity a priori.

Additionally, even if Groups |+ were considered to share the technical features including: a method for treating a cancer associated with
a telomerase reverse transcriptase (TERT) promoter mutation in a subject comprising administering to the subject a therapeutically
effective amount of an agent that specifically reduces or inhibits GA binding protein transcription factor beta subunit 1 long isoform
(GABPB1L) expression or function, thereby treating a cancer associated with a TERT promoter mutation; an antisense oligonucleotide of
between about 10 and about 50 nucleotides in length, wherein the antisense oligonucleotide comprises a sequence that is
complementary to a sequence; these shared technical features are previously disclosed by the publication entitied ‘The Transcription
Factor GABP Selectively Binds and Activates the Mutant TERT Promoter in Cancer’ By Bell, et al. (hereinafter ‘Bell’) in view of US

2007 /0203083 A1 to Mootha, et al. (hereinafter ‘Mootha’).

Bell discloses a method for treating a cancer associated with a telomerase reverse transcriptase (TERT) promoter mutation (reducing
mutant TERT promoter expression in GBM cell lines (a method for treating a cancer associated with a telomerase reverse transcriptase
(TERT) promoter mutation); page 2, fourth paragraph; page 3, second paragraph) comprising administering a therapeutically effective
amount of an agent that specifically reduces or inhibits GA binding protein transcription factor beta subunit 1 long isoform (GABPB1L)
expression or function (exposing cells to siRNA to knockdown GABPA thereby inhibiting dimerization with GABPB to form GABP
(comprising administering a therapeutically effective amount of an agent that specifically reduces or inhibits GA binding protein
transcription factor beta subunit 1 long isoform (GABPB1L) function); page 2, fourth paragraph; page 3, second paragraph; page 4, third
paragraph), thereby treating a cancer associated with a TERT promoter mutation (abstract; page 2, fourth paragraph; page 3, second
paragraph); an antisense oligonucleotide of between about 10 and about 50 nucleotides in length (GABPA siRNA (an antisense
oligonucleotide of between about 10 and about 50 nucleotides in length); page 2, fourth paragraph; page 3, second paragraph;
supplementary table 3), wherein the antisense oligonucleotide comprises a sequence that is complementary to a sequence (GABPA
siRNA (wherein the antisense oligonucleotide comprises a sequence that is complementary to a sequence); page 2, fourth paragraph;
page 3, second paragraph; supplementary table 3).

Bell does not disclose in a subject and administering to the subject a therapeutically effective amount of an agent that specifically
reduces or inhibits GA binding protein transcription factor beta subunit 1 long isoform (GABPB1L) expression or function.

Mootha discloses treating cancer in a subject (paragraph [0098]) and administering to the subject a therapeuticaily effective amount of
an agent that specifically reduces or inhibits GA binding protein transcription factor beta subunit 1 long isoform (GABPB1L) expression
or function (administering to the subject a therapeutically effective amount of an agent that specifically reduces or inhibits Gabpb (GA
binding protein transcription factor beta subunit 1 long isoform (GABPB1L}) expression or function; paragraphs [0028], [0099], [0188];
claim 35).

It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the disclosure of Bell to include a
subject and administering to the subject a therapeutically effective amount of an agent that specifically reduces or inhibits GA binding
protein transcription factor beta subunit 1 long isoform (GABPB1L) expression or function, as disclosed by Mootha, in order to provide a
superior method for reducing or inhibiting GA binding protein transcription factor beta subunit 1 long isoform (GABPBIL) function in a
subject in need thereof.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by a combination of the Bell and Mootha references, unity of invention is lacking.

Form PCT/ISA/210 (patent family annex) (January 2015)
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