WO 2017/132552 PCT/US2017/015417

ONCOLYTIC VIRAL VECTORS AND USES THEREQK

CRrOsS REPERENCE 70 RELATED APPLICATIONS

{0001 This application claims priority to US. Provisional Application No.
62/287,619, filed January 27, 2016, the content of which are incorporated by herein reference in

its entirety.

STATEMENT REGARDING SEQUENCE LISTING

{00021 The Sequence Listing associated with this application 1s provided in text
format in heu of a paper copy, and s hereby incorporated by reference into the specification.
The name of the text file containing the Sequence Listing 1s ONCR 001 01WO ST2.txt. The
text file 1s 7 KB, was created on January 26, 2017, and 1s being submatted electronically via EFS-

Web.

FIEiD OF THE INVENTION

[0063] The present disclosure relates to recombinant viral vectors for the
treatment and prevention of cancer. The viral vectors utilize one or more of the following
aspects: viral replication restriction by insertion of tumor-suppressive microRNA (miRNA)
target sequences into the viral genome; disruption of oncogenic nmuRNA function; cancer
microenvironment remodeling; and/or cancer cell targeting by incorporation of protease-

activated antibodies into the viral particle.

BACKGROUND OF THE INVENTION

[0004] Current targeted cancer therapeutics are efficacious in only a narrow range
of cancers due to the heterogeneity of tumor protein expression profiles. Furthermore, many
cancer treatments, including existing viral vectors, chemotherapy, radiation, and surgery lack the
specificity to selectively treat cancerous cells, while mamtaining the health and viabibity of

normal, non-cancerous cells and can produce undesirable off-target effects. As such, there is a
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need in the art for cancer therapies that are broadly efficacious in multiple cancers and are
capable of selectively ehminating cancerous cells.

{8065] Oncolytic viruses are viruses that preferentially infect cancer cells and
have been used in multiple pre-clinical and clinical studies for cancer treatment. Use of oncolytic
viruses carries the risk of non-specific viral infection of healthy cells, leading to the death of
non-cancerous cells and tissues. However, genetic manipulation of the viruses to exploit
pathways, proteins, and genes that are differentially expressed in normal vs. cancerous tissue can
increase the specificity of these viruses and limit off-target infection and cell death.

[0006] MicroRNAs (miRNAs or miRs) are small non-coding endogenous RNAs
that regulate gene expression by directing their target messenger RNAs for degradation or
translational repression. nuRNAs are intimately associated with normal cellular processes and
therefore, deregulation of miRNAs contributes to a wide array of diseases including cancer.
Many nuRNA genes are located in cancer associated genomic regions, or in fragile sites, further
strengthening the evidence that miRNAs play a pivotal role m cancer. miRNAs are differentially
expressed in cancer tissues compared to normal tissues and can have a causative relationship to
tumorigenesis. By exploiting this differential nuRNA expression in diverse tumor types, the
cancer therapeutics described herein possess a broad spectrum safety and efficacy profile,
wherein oncolytic viral replication 18 regulated based on the expression of a particular miRNA or
group of miRNAs. Further, the oncolvtic viruses described herein may also express proteins that
facilitate viral spread throughout a tumor, such as those altering the expression of genes and

proteins that regulate the extracellular matrix, thereby increasing their therapeutic efficacy.

SUMMARY OF THE INVEXTION

{60067} The invention relates to recombinant viral vectors that are useful for the
treatment and prevention of cancer. The oncolytic viral vectors comprise the following aspects
individually or in combination: restricting viral vector replication to cancer or tumor cells by
mserting tumor-suppressive microRNA (miR} target sequences into the viral genome;
incorporation of one or more genes into the viral genome whose product(s) disrupt the function
of oncogenic miRNA and/or the cancer extracellular matrix; and highly selective targeting of the
vectors to cancer/tumor cells by incorporating protease-activated antibodies into the wviral

particle.



WO 2017/132552 PCT/US2017/015417

{0008] In some embodiments, the present invention provides for a recombinant
oncolytic virus comprising one of more copies of one or more tumor-suppressive micro-RINA
(muR) target sequences inserted into a locus of one or more viral genes required for viral
replication. In some embodiments, the virus 1s a herpes simplex virus, an adenovirus, a polio
virus, a vaccimia virus, a measles virus, a vesicular stomatitis virus, an orthomyxovirus, a
parvovirus, a maraba virus or a coxsackievirus. In some embodiments, the virus is a herpes
simplex virus and wherein the one or more viral genes required for viral replication is selected
from the group consisting of UL, ULS, UL6, UL7, ULS, ULY, ULHL, UL12, UL14, UL1S5,
UL17, ULLE, UL19, UL20, UL22, UL2S, UL26, ULZ26.5, UL27, UL28, UL29, UL30, UL31,
UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, ULS2,
UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, USS,
US9, US10, US1I, and US12. In some embodiments, the tumor-suppressive miR target sequence
18 a target sequence for a nuR selected from Table 3. In some embodiments, the one or more
tumor-suppressive muR. target sequences 15 incorporated into the 57 untranslated region (UTR) or
37 UTR of the one or more viral genes required for viral replication.

{6009] In some embodiments, the present invention provides for a recombinant
oncolytic virus comprising one or more copies of one or more tumor-suppressive micro-RNA
(miR) target sequences mserted nto a locus of one or more viral genes required for viral
replication, wherein replication of the virus 1s reduced or attenuated n a first cell compared to
replication of the virus in a second cell. In some embodiments, the first cell has an increased
expression of a tumor-suppressive miR capable of binding to the one or more tumor-suppressive
miR target sequences compared to the expression of the tumor-suppressive miR in the second
cell. In some embodiments, the expression level of the tumor-suppressive miR in the first cell is
at least 5% greater than the expression level of the tumor-suppressive miR in the second cell In
some embodiments, the second cell has a reduced expression of a tumor-suppressive miR
capable of binding to the one or more tumor-suppressive miR target sequences compared to the
expression of the tumor-suppressive miR in the first cell. In some embodiments, the expression
level of the tumor-suppressive miR in the second cell is at least 5% less than the expression level
of the tumor-suppressive miR m the first cell In some embodiments, the second cell 15 a

cancerous cell.

)
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{0010] In some embodiments, the present invention provides for a recombinant
oncolytic virus comprising one of more copies of one or more tumor-suppressive micro-RINA
(muR) target sequences inserted into a locus of one or more viral genes required for viral
replication, wherein the tumor-suppressive miR target sequences for miR-124, nuR-451a, miR-
143-3p, and niR-539. In further embodiments, the oncolytic virus is used for the treatment of
pancreatic, lung, and/or colon cancer. In some embodiments, the oncolytic virus comprises the
tumor-suppressive niR target sequences for miR-124, miR-451, miR-143-3p, miR-1, and miR-
559. In some embodiments, the oncolytic virus comprises the tumor-suppressive miR target
sequences for muR-124, miR-4531, muR-145-Sp, and muR-559. In further embodiments, the
oncolytic virus 1s used for the treatment of a tumor dertved from any type of cancer. In some
ernbodiments, the oncolytic virus comprises the tumor-suppressive miR target sequences for
miR-205p, nuR-141-5p, nuR-31-5p, and nuR-124. In further embodunents, the oncolytic virus is
used for the treatment of schwannoma. In further embodimoents, the tumor-suppressive miR
target sequences are inserted into the ICP4, ICP27, UL 19, and/or UL30 locus.

[8011] In some embodiments, the present mmvention provides for a recombinant
oncolytic virus comprising one or more copies of one or more tumor-suppressive micro-RNA
{miR) target sequences imserted into a locus of one or more viral genes required for viral
replication, wheremn the tumor-suppressive miR target sequence is a target sequence for miR-
136-3p, muiR-432-5p, miR-~1-3p, miR-127-3p, miR-379-5p, miR-493-5p, nuR-223-5p, muR-223-
S5p, miR-136-5p, miR-451a, muR-487b-3p, muR-370-3p, miR-410-3p, miR-431-3p, miR-4485-
3p, miR-4485-5p, miR-127-5p, miR-409-3p, miR-338-3p, miR-559, miR-411-5p, miR-133a-5p,
miR-143-3p, miR-376b-3p, miR-758-3p, miR-1, miR-101, miR-1180, miR-1236, miR-124-3p,
miR-125b, miR-126, miR-1280, miR-133a, muiR-133b, miR-141, miR-143, miR-144, miR-145,
miR-155, miR-16, miR-18a, miR-192, miR-195, miR-200a, miR-200b, miR-200¢, miR-203,
miR-205, miR-214, miR-218 miR-23b, miR-26a, miR-29¢, miR-320¢, miR-34a, muR-370, miR-
409-3p, miR-429, miR-451b, miR-490-5p, miR-493, miR-576-3p, and/or miR-9%a. In further
embodiments, the oncolytic virus is used for treating bladder cancer.

{0012} In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for miR-1251-5p, miR-219a-5p, miR-219a-2-3p, miR-124-3p, miR-448 miR-
138-2-3p, miR-490-5p, miR-129-1-3p, nuR-1264, miR-3943, miR-490-3p, miR-383-5p, mik-
133b, miR~-129-2-3p, nuR-128-2-5p, muR-133a-3p, muR-129-5p, miR-1-3p, nuR-885-3p, miR-
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124-5p, miR-759, miR-7158-3p, miR-770-5p, miR-135a-5p, miR-885-5p, let-7g-5p, miR-100,
miR-101, miR-106a, miR-124, miR-124a, nuR-125a, miR-123%a-5p, muR-125b, muR-127-3p,
miR-128, miR-129, miR-136, miR-137, nmiR-139-5p, miR-142-3p, miR-143, miR-145 miR-
146b-5p, miR-149, miR-152, miR-153, nuR-195, miR-21, miR-212-3p, nuR-219-Sp, muR-222,
miR-29%, miR-31, miR-3189-3p, nmiR-320, nuR-320a, miR-326, miR-330, miR-331-3p, miR-
340, miR-342, miR-34a, miR-376a, miR-44%a, miR-483-5p, miR-503, miR-577, miR-663, nuR-
7, miR-7-5p, miR-873, let-7a, let-7f, miR-107, miR-122, miR-124-5p, miR-139, miR-146a, miR-
146bh, miR-15b, nuR-16, miR-181la, miR-181a-1, miR-1813-2, nmiR-181b, miR-181b-1, nuR-
181b-2, miR-181¢c, nuR-181d, muR-184, miR-~185, miR-199a-3p, nuR-200a, miR-200b, miR-
203, muR-204, miR-205, miR-218, muR-23b, nuR-26b, miR-27a, nuR-2%c, muR-328, nuR-34¢-
3p, muR-34¢-Sp, muR-375, miR-383, miR-451, muR-452, nuR-495, miR-584, miR-622, miR-
656, miR-98, nuR-124-3p, miR-181b-5p, nuR-200b, and/or miR-3189-3p. In further
erabodiments, the oncolytic virus is used for treating brain cancer.

{0013} In some embodiments, the tumor-suppressive nuR target sequence 15 a
target sequence for miR-10b-3p, muR-~126-3p, nuR-145-3p, nuR-451a, muR-199b-5p, muR-5683,
miR-3195, miR-3182, miR-1271-5p, miR-204-5p, miR-409-5p, miR-136-5p, miR-514a-5p,
miR-559, miR-483-3p, muR-1-3p, miR-6080, miR-144-3p, miR-10b-3p, nuR-6130, miR-6089,
miR-203b-5p, miR-4266, nuR-4327, nuR-5694, miR-193b, let-7a, let-7a-1, let-7a-2, let-7a-3,
let-7b, let-7¢, let-7d, let-7e, let-7f-1, let-7£-2, let-Tg, let-71, miR-100, niR-107, miR-10a, miR-
10b, miR-122, miR-124, nuR-1258, miR-125a-5p, miR-125b, miR-126, miR-127, miR-129,
miR-130a, miR-132, miR-133a, miR-143, miR-145, miR-146a, miR-146b, miR-147, miR-148a,
miR-149, miR-152, miR-153, miR-15a, nmiR-16, miR-17-5p, miR-181a, muR-1826, miR-183,
miR-185, miR-191, miR-193a-3p, miR-195, miR-199b-5p, miR-19a-3p, miR-200a, miR-200b,
miR-200¢, miR-205, miR-206, miR-211, miR-216b, miR-218, miR-22, miR-26a, miR-26b, miR-
300, miR-30a, miR-31, muR-335, muR-339-5p, miR-33b, miR-34a, miR-34b, miR-34¢, miR-
374a, miR-379, miR-381, miR-383, muR-425, miR-429, miR-450b-3p, miR-494, miR-495 miR-
497, miR-502-Sp, niR-517a, miR-574-3p, miR-638, miR-7, miR-720, miR-873, miR-874, miR-
92a, miR-98, miR-99a, mmu-miR-290-3p, and/or mmu-niR-290-5p. In further embodiments,
the oncolytic virus s used for treating breast cancer.

{0014} In some embodiments, the tumor-suppressive miR target sequence is a

target sequence for nmiR-143, miR-~-145, miR-17-5p, muR-203, nmuR-214, ouR-218, ouR-335,
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miR-342-3p, miR-372, miR-424, miR-491-5p, miR-497, miR-7, miR-9%, miR-99b, miR-100,
miR-101, miR-15a, muR-16, miR-34a, nuR-886-5p, miR-106a, miR-124, miR-148a, miR-29%a,
and/or miR-375. In further embodiments, the oncolytic virus 1s used for treating cervical cancer.

[6015] In some embodiments, the tumor-suppressive nuR target sequence is a
target sequence for miR-133a-5p, miR-490-5p, miR-124-3p, miR-137, nuR-655-3p, miR-376¢-
3p, miR-369-5p, miR-490-3p, miR-432-5p, miR-487b-3p, miR-342-3p, miR-223-3p, miR-136-
3p, miR-136-3p, miR-143-Sp, miR-1-3p, miR-214-3p, miR-143-3p, miR-199a-3p, miR-199b-3p,
miR-451a, miR-127-3p, miR-133a-3p, miR-145-5p, miR-145-3p, miR-199a-5p, let-7a-1, let-7a-
2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7£-2, let-7g, let-71, miR~100, miR~-101, miR-
126, miR-142-3p, nuR-143, miR-145, nuR-192, miR-200¢, miR-21, miR-214, miR-215, nuR-
22, muR~25, nuR-302a, nuiR-320, miR-320a, miR-34a, muR-34¢, nmuR-365, miR-373, muR-424,
miR-429, miR-455, nuR-484, miR-302, miR-503, nuR-93, muR-98, miR-~186, miR-30a-5p, muR-
627, let-7a, muR-1, miR-~124, muR-125a, nuR-129, ouR-1295b-3p, miR-1307, nuR-130b, miR-
132, uR-133a, nuR-133b, 0uR-137, muR-~138, miR-139, muR-139-Sp, miR-140-5p, miR-148a,
miR-148b, miR-149, miR-150-5p, miR-154, nuR-15a, miR-15b, miR-16, miR-18a, muR-191,
miR-~193a-5p, nuR-194, nuR-195, miR-196a, muR-198, miR-199a-5p, nuR-203, nuR-204-5p,
miR-206, miR-212, muR-218, miR-224, miR-24-3p, miR-26b, nuR-27a, muR-28-3p, muR-28-5p,
miR-2%, miR-30a-3p, miR-30b, miR-328, miR-338-3p, miR-342, miR-345, muR-34a-5p, miR-
361-5p, miR-375, muR-378, miR-378a-3p, miR-378a-5p, miR-409-3p, miR-422a, muR-4487,
miR-483, miR-497, miR-498, miR-518a-3p, miR-551a, miR-574-5p, miR-625, miR-638, miR-7,
miR-96-5p, miR-202-3p, miR-30a, and/or miR-451. In further embodiments, the oncolytic virus
is used for treating colon or colorectal cancer.

[0016] In some embodiments, the tumor-suppressive muR target sequence is a
target sequence for miR-101, miR-130a, miR-130b, miR-134, miR-143, miR-145, muR-152,
miR-205, miR-223, miR-301a, miR-301b, miR-30¢c, miR-34a, miR-34c, miR-424, miR-4493,
miR-5343, and/or miR-34b inserted into the 37 UTR or 3° UTR of one or more viral genes
required for viral replication. In further embodiments, the oncolytic virus is used for treating
endometrnial cancer.

{6017] In some embodiments, the tumor-suppressive nuR target sequence is a
target sequence for miR-125b, miR-138, miR-15a, miR-15b, miR-16, miR-16-1, miR-16-1-3p,
miR-16-2, miR-181a, miR-181b, muR-195, miR-223, ouR-29b, miR-34b, muR-34¢, nmiR-424,
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miR-10a, miR-146a, miR-150, miR-151, miR-155 muR-2278, nmiR-26a, miR-30e, miR-31, miR-
326, muR-564, muR-27a, let-7b, miR-124a, miR-142-3p, let-7¢, muR-17, miR-20a, miR-29%a,
miR-30c, miR-720, miR-107, muR-342, miR-34a, miR-202, miR-142-5p, muR-29¢, miR-145,
miR-193b, miR-199a, miR-214, miR-22, miR-137, and/or miR-197 mserted into the 5 UTR or
3’ UTR of one or more viral genes required for viral replication. In further embodiments, the
oncolytic virus is used for treating hematologic cancer.

{0018} In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for miR-1, miR-145, miR-1826, miR-19%a, miR-199a-3p, miR-203, muR-205,
miR-497, miR-508-3p, nuR-509-3p, let-7a, let-7d, ouR-106a*, miR-126, miR-1285, ouR-129-
3p, ouR-1291, miR-~133a, miR-135%, miR-138, miR-141, nuR-143, ouR-182-5p, miR-200a,
miR-218, muR-28-5p, miR-30a, miR-30¢, nuR-30d, miR-34a, 0uR-378, miR-~429, miR-509-5p,
miR-646, miR-133b, let-7b, let-7¢, miR-200c, nmuR-204, miR-335, muR-377, and/or muR-506
mserted mto the 57 UTR or 37 UTR of one or more viral genes required for viral replication. In
further embodiments, the oncolytic virus 15 used for treating kidney cancer.

[8019] In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-71, let-7f-1, let-7f-
2, let-7g, let-71, muR-1, muR-100, muR-101, miR-105, miR-122, ouR-122a, miR-1236, miR-124,
miR-~125b, miR-126, miR-127, ouR-1271, muR-~128-3p, miR-129-5p, muR-130a, muR-130b,
miR-133a, miR-134, muR-137, muiR-138, miR-139, ouR-139-5p, miR-~140-5p, muR-~141, miR-
142-3p, miR-143, miR-144, miR-145, miR-146a, miR-148a miR-148b, miR-150-5p, miR-15b,
miR-16, miR-181a-5p, miR-185, miR-188-5p, miR-193b, miR-195, miR-195-5p, miR-197, miR-
198, miR-199a, miR-19%a-5p, miR-199b, miR-199b-5p, miR-200a, miR-200b, miR-200¢, miR-
202, miR-203, miR-204-3p, miR-205, miR-206, miR-20a, muR-21, miR-21-3p, miR-211, miR-
212, miR-214, muiR-217, miR-218, miR-219-5p, miR-22, miR-223, miR-26a, miR-26b, miR-29%,,
miR-29b-1, miR-29b-2, muR-2%9c, miR-302b, miR-302¢, miR-30a, miR-30a-3p, miR-335, miR-
338-3p, miR-33a, miR-34a, miR-34b, miR-365, miR-370, miR-372, miR-375, miR-376a, miR-
377, miR-422a, miR-424, miR-424-5p, miR-433, miR-4458, miR-448 miR-450a, miR-451,
miR-485-5p, miR-486-5p, miR-497, miR-303, niR-506, miR-519d, miR-520a, miR-520b, miR-
520¢-3p, miR-582-5p, miR-590-5p, miR-610, miR-612, miR-625, miR-637, miR-675, miR-7,
miR-877, miR-940, miR-941, miR-98, miR-99a, miR-132, and/or miR-31 inserted into the 5°

UTR or 3" UTR of one or more viral genes required tor viral replication. In further embodiments,

-1
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the oncolytic virus is used for treating liver cancer. In further embodiments, the liver cancer is
hepatoceilular carcinoma.

{0020] In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for miR-143-3p, miR-126-3p, miR-126-5p, miR-1266-3p, miR-6130, miR-6080,
miR-511-5p, miR-143-5p, miR-223-5p, miR-199b-5p, miR-19%9a-3p, miR-199b-3p, miR-451a,
miR-142-5p, miR-144, miR-150-5p, miR-142-3p, miR-214-3p, miR-214-5p, miR-19%9a-5p, miR-
145-3p, miR-145-5p, nuR-1297, miR-141, miR-145, miR-16, miR-200a, miR-200b, nuR-200c¢,
miR-29b, miR-381, miR-409-3p, miR-429, miR-451, miR-511, miR-99a, let-7a-1, let-7a-2, let-
7a-3, let-7h, let-7Tc¢, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-71, miR-1, ouR-101, miR-133b,
miR-138, muR-142-5p, muR-144, nuR-1469, muR-146a, muiR-153, nuR-15a, miR-~15b, miR-16-1,
miR-16-2, nuR-182, muR-192, miR-193a-3p, miR-194, miR-195, miR-198, miR-203, muR-217,
miR-218, miR-22, miR-223, miR-26a, muR-26b, miR-29%, miR-33a, miR-34a, miR-34b, muR-
34c, nuR-36S, miR-44%a, miR-449b, nuR-486-5p, nuR-545, muR-610, miR-614, miR-630, miR-
660, muiR-751S, miR-9500, miR-98, miR-9%h, miR-1334, let-73, miR-~-100, miR-106a, muR-107,
miR-124, miR-125a-3p, miR-~125a-3p, miR-~126, miR-126%, miR-~129, miR-137, miR-140, miR-
143, miR-146b, miR-148a, miR-148b, miR-149, miR-152, miR-154, nuR-155, nuR-17-5p, miR-
181a-1, muR-181a-2, nuR-181b, muR-181b-1, miR-181b-2, miR-181l¢, nuR-181d, muR-184,
miR-186, miR-193b, miR-199a, miR-204, miR-212, miR-221, miR-224, miR-27a, nuR-27h,
miR-2%, miR-30a, miR-30b, muR-30¢, miR-30d, suR-30d-5p, miR-30e-5p, miR-32, muR-335,
miR-338-3p, miR-340, miR-342-3p, miR-361-3p, miR-373, miR-375, miR-4500, miR-4782-3p,
miR-497 miR-503, miR-512-3p, miR-520a-3p, nuR-526b, miR-625% and/or miR-96 inserted
into the 57 UTR or 3" UTR of one or more viral genes requured for viral replication. In further
embodiments, the oncolytic virus is used for treating lung cancer.

{0021} In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for let-7b, miR-101, muR-125b, nmuR-1280, muR-143, miR-146a, miR-146b,
miR-155, miR-17, miR-184, nuR-185, miR-18b, miR-193b, miR-200c, miR-203, miR-204,
miR-205, miR-206, miR-20a, miR-211, miR-218, miR-26a, miR-31, miR-33a, nuR-34a, miR-
34c, miR-376a, miR-376¢, miR-573, miR-7-5p, miR-9, and/or miR-98 inserted into the 5” UTR
or 3 UTR of one or more viral genes required for viral replication. In further embodiments, the

oncolytic virus is used for treating melanoma.
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{0022} In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for let-7d, miR-218, muR-34a, miR-375, miR-494, muR-100, muR-124, miR-
1250, miR-125b, miR-126, miR-1271, miR-136, miR-138, miR-145, miR-147, miR-148a, miR-
181a, miR-206, nuiR-220a, miR-26a, nuR-26b, miR-2%a, nmiR-32, miR-323-5p, miR-329, miR-
338, miR-370, miR-410, nuR-429, miR-433, miR-49%a-5p, niR-503, miR-506, muR-632, miR-
646, miR-668, miR-877, and/or miR-9 inserted mnto the 5° UTR or 3° UTR of one or more viral
genes required for viral replication. In further embodiments, the oncolytic virus is used for
treating oral cancer.

{0023} In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for let-71, miR-100, miR-124, nuR-125b, nuR-129-Sp, muR-130b, miR-133a,
miR-137, nuR-138, nuR-141, miR-145, miR-148a, nuR-152, nuR-153, nuR-155, miR-199a,
miR-200a, muR-200b, miR-200c, ouR-212, muR-335, miR-34a, niR-34b, miR-34c, nuR-409-3p,
miR-411, niR-429, miR-432, miR-44%a, miR-494, miR-497, miR-498, miR-519d, muR-6535,
miR-9, miR-98, nuR-101, miR-532-5p, nuR-124a, nuR-192, miR-~193a, and/or miR-7 mnserted
mto the 57 UTR or 3° UTR of one or more viral genes required for viral replication. In further
embodiments, the oncolytic virus 13 used for treating ovarian cancer.

[B024] In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for muR-216a-Sp, ouR-802, miR-217, muR-145-3p, nuR-143-3p, miR-451a,
miR-375, miR-214-3p, nuR-216b-3p, miR-432-5p, miR-216a-3p, nuR-199b-5p, miR-19%-5p,
miR-136-3p, miR-216b-5p, miR-136-5p, miR-145-5p, miR-127-3p, miR-19%a-3p, miR-199b-3p,
miR-559, miR-129-2-3p, miR-4507, miR-1-3p, miR-148a-3p, miR-101, miR-1181, muR-124,
miR-1247, miR-133a, miR-141, miR-145, miR-146a, miR-1483, miR-148b, miR-150% miR-
150-5p, miR-152, miR-15a, miR-198, miR-203, miR-214, miR-216a, miR-29¢, miR-335, miR-
34a, miR-34b, miR-34¢, miR-373, miR-375, miR-410, miR-497 miR-615-5p, miR-630, niR-96,
miR-132, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-Tc, let-7d, let-7e, let-71-1, let-7-2, let-Tg,
fet-71, miR-126, miR-13%a, muR-143, miR-144, miR-150, miR-16, miR-200a, miR-200b, miR-
200¢, miR-217, miR-218 miR-337, muR-494, and/or miR-98 inserted into the 5 UTR or 3" UTR.
of one or more viral genes required for viral replication. In further embodiments, the oncolytic
virus 15 used for treating pancreatic cancer.

{0025} In some embodiments, the tumor-suppressive miR target sequence is a

target sequence for let-7a-3p, let-7¢, muR-100, muR-101, muR-105, miR-124, ouR-128, muR-
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1296, miR-130b, miR-133a-1, miR-1332-2, miR-133b, muR-1353, miR-143, miR-145 miR-
146a, miR-154, muR-15a, muR-187, miR-188-5p, miR-199b, miR-200b, miR-203, muR-205,
miR-212, miR-218 miR-221, miR-224, miR-23a, miR-23b, miR-25, miR-26a, miR-26b, miR-
29b, miR-302a, miR-30a, miR-30b, miR-30c-1, niR-30¢-2, miR-30d, miR-30e, miR-31, nuR-
330, miR-331-3p, nuR-34a, niR-34b, miR-34c, miR-374b, miR-449%9a, miR-4723-5p, miR-497,
miR-628-5p, miR-642a-Sp, miR-763, and/or miR-940 inserted into the 5" UTR or 3° UTR of one
or more viral genes required for viral replication. In further embodiments, the oncolytic virus is
used for treating prostate cancer.

{0026} In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for miR-101, nuR-183, miR-204, miR-34a, miR-365b-3p, miR-486-3p, and/or
miR-532-5p mserted nto the 7 UTR or 37 UTR of one or more viral genes required for viral
replication. In further embodiments, the oncolytic virus is used for treating retinoblastoma.

[0027] In some embodiments, the tumor-suppressive miR target sequence 1s a
target sequence for miR-143-3p, miR-133b, miR-1264, miR-448, miR-1298-5p, nuR-490-5p,
miR-138-2-3p, miR-144-3p, nuR-144-5p, muR-150-5p, miR-129-1-3p, muR-559, muR-1-3-p,
miR-143-5p, miR-223-3p, miR-3943, miR-338-3p, miR-124-3p, nuR-21%a-5p, miR-219a-2-3p,
miR-451a, mR-142-5p, miR-133a-3p, miR-145-5p, and/or miR-145-3p. In further embodiments,
the oncolytic virus 1s used for treating glioblastoma.

[B028] In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for miR-143-3p, miR-223-3p, miR-6080, miR-208b-3p, miR-206, miR-133a-5p,
miR-133b, miR-199a-5p, miR-199b-5p, miR-145-3p, miR-145-5p, muR-150-5p, muR-142-3p,
miR-144-3p, miR-144-5p, miR-338-3p, miR-214-3p, muR-559, miR-133a-3p, miR-1-3p, miR-
126-3p, miR-142-5p, miR-451a, miR-199a-3p, and/or miR-199b-3p. In further embodiments, the
oncolytic virus 1s used for treating head and neck cancer.

{0029] In some embodiments, the tumor-suppressive muR target sequence is a
target sequence for miR-133b, nmiR-208b-3p, miR-6130, nmiR-141-5p, miR-31-3p, miR-1293,
miR-129-2-3p, miR-129-5p, miR-124-3p, miR-219a-5Sp, miR-219a-2-3p, miR-490-3p, miR-488-
3p, miR-935, muR-124-5p, miR-122-3p, miR-122-5p, miR-1-3p, miR-133a-3p, miR-375, miR-
141-3p, miR-31-5p, miR-205-5p, muR-200c¢-3p, and/or miR-203a-3p. In further embodiments,

the oncolytic virus s used for treating a Schwannoma.
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{0038] In some embodiments, the present invention provides for recombinant
oncolytic viruses comprising one or more of {a) one or more tumor-suppressive micro-RNA
(muR) target sequences inserted into a locus of one or more viral genes required for viral
replication; (b} one or more polynuclieotides encoding one or more proteins or oligonucleotides,
wherein the proteins or oligonucleotides reduce the expression or inhibit the function of a miR, a
gene, or a TIMP; {(c) at least one protease-activated antibody; and/or {d)} a polynucleotide
encoding at least one protease activated antibody. In some embodiments, the miR is an
oncogenic mik or a microenvironment remodeling miR. In some embodiments, the oncogenic
miR 15 selected from the miRs listed in Table 4. In some embodiments, the gene 13 an oncogenic
gene. In some ermnbodiments, the oncogenic gene is selected from the genes listed 1 Table 7. In
some emnbodiments, the microenvironment rermodeling miR 1s selected from the muRs histed n
Table 5. In some embodiments, the TIMP 1s selected from TIMP1, TIMP2, TIMP3 and TIMP4.
In some emboduments, the oligonucleotide of (b) 1s an shRNA or a decoy oligonucleotide. In
some embodiments,

[0031] In some embodiments, the present nvention provides for recombinant
oncolytic viruses comprising one or more of {a) one or more tumor-suppressive micro-RNA
{miR) target sequences imserted into a locus of one or more viral genes required for viral
replication; {b) one or more polynucleotides encoding one or more proteins or oligonucleotides,
wherein the proteins or oligonucleotides reduce the expression or inhibit the function of a miR, a
gene, or a TIMP, {c) at least one protease-activated antibody; and/or (d) a polynucleotide
encoding at least one protease activated antibody, wherein the protein is a nuclease, a bispecific
T-cell engager (BITE}, an anti-immunosuppressive protein, or an immunogenic antigen. In some
embodiments, the nuclease 13 selected from a Clustered Regulatory Interspaced Short
Palindromic Repeats (CRISPR}-associated endonuclease, a zinc-finger nuclease (ZFN) or a
Transcription activator-like effector nuclease (TALEN). In some embodiments, the CRISPR-
associated endonuclease is selected from SpCas®, SpCas9-HF1, SpCas9-HF2, SpCas9-HF3,
SpCas9-HF4, SaCas9, FnCpf, FnCas9, eSpCas9, C2C1, C2C3, Cpfl, Casl, CasiB, Cas2, Cas3,
Casd, Cas5, Cas6, Cas7, Cas8, Cas9, Casl0, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Cse2, Csal,
Csn2, Csm2, Csm3, Csm4, CsmS, Csm6, Cowrl, Cor3, Cmird, Cmr5, Cnur6, Cshl, Csb2, Csb3,
Csxl7, Csxld, Csx10, Csx16, CsaX, Csx3, Csxl, Csxl1S, Cstl, Csf2, Csf3, and Csf4d. In further

embodiments, the oncolvtic virus further comprises a heterologous polynucleotide encoding an

11



WO 2017/132552 PCT/US2017/015417

tracr-RNA (trRNA) and a crispr-RNA {crRNA), wherein the crRNA 15 targeted to a genomic
DNA sequence encoding a miR or a3 TIMP and wherein the tRNA facilitates binding and
activation of a CRISPR-associated endonuclease.

[0032] In some embodiments, the anti-immunosuppressive protein is an anti-
regulatory T-cell (Treg) protein or an anti-myeloid-derived suppressor cell (MDSC) protein. In
some embodiments, the anti-immunosuppressive protein 1s a YVHH-derived blocker or a VHH-
dertved BiTE.

{0033] In some embodiments, the protein induces an anti-tumor immune
response. In further embodiments, the protein 1s selected from EpCAM, folate, TFNB, anti-
CTLA-4, anti-PD1, AZA, anti-FGF2, anti-FGFR/FGFR2b, anti-SEMA4D, CCLS, CD137,
CD200, CD38, CD44, CSF-1R, CXCL10, CXCL13, endothelin B Receptor, 1L-12, TL-15, 1L-2,
TL-2%, IL-35, ISRE7, LFA-~1, NGZ (also known as SPEGH4), a SMAD protein, STING, TGFj,
and VCAML

[0034] In some embodiments, the present mvention provides for recombinant
oncolytic viruses comprising one or more of {a} one or more tumor-suppressive micro-RNA
(miR) target sequences inserted nto a locus of one or more viral genes required for viral
rephication; (b} one or more polynucleotides encoding one or more proteins or oligonucleotides,
wherein the proteins or oligonucleotides reduce the expression or intubit the function of a nuR, a
gene, or a TIMP; {¢) at least one protease-activated antibody, and/or {d} a polynucleotide
encoding at least one protease activated antibody, wherein the at least one protease-activated
anttbody 18 incorporated into a viral glycoprotein envelope. In some embodiments, the protease-
activated antibody is activated by a protease selected from a cysteine cathepsin, an aspartic
cathepsin, a kallikrein (hK), a serine protease, a caspase, a matrix metalloproteinase (MMP), and
a disintegrin metalloproteinase (ADAM). In some embodiments, the protease is selected from
cathepsin K, cathepsin B, cathepsin L, cathepsin E, cathepsin D, hK1, PSA (hK3}, hK10, hK15,
UPA, UPAR, MMP-1, MMP-2, MMP-3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-
12, MIMP-13, MMP-14, MMP-15, MMP-16, MMP-17, MMP-18, MMP-19, MMP-20, MMP-21,
MMP-23A, MMP-23B, MMP-24, MMP-25, MMP-26, MMP-27, MMP-28, or a protease listed
in Table 6.

[0035] In some embodiments, the protease-activated antibody binds to a protemn

expressed more highly by a cancer cell or in a cancer microenvironment than by a non-cancer
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cell or in a non-cancer microenvironment. In some embodiments, the protease-activated antibody
binds NKGZD, c-met, HGFR, CD8, heparan sulfate, VSPG4 (also known as NG2), EGFR,
EGFRvIIL, CP133, CXCR4, carcinoembryonic antigen (CEA), CL{-3, annexin II, human
transferrin receptor, or EpCAM.

{0036] in some embodiments, the nuR target sequence and/or the one or more
polynucieotides is inserted into a gene locus of the viral genome. In some embodiments, the
virus is a herpes simplex virus and wherein the at least one polynucleotide 15 inserted into or
between one or more viral gene loci selected from the group consisting of the internal repeat
joint region (comprising one copy each of the diploid genes ICPO, ICP34.5, LAT, ICP4, and the
ICP47 promoter), ICPO, LAT, ULY, ULS, UL6, UL7, ULS, UL9, UL11, UL12, UL14, UL15,
UL17, ULLSs, ULLS, UL20, UL22, UL2S, ULZe, UL26.5, UL27, UL2§, UL2%, UL30, UL31,
UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL4R, UL49, ULS2,
UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, USS,
USH, US10, UST1, and UST2.

{B6037] In some embodiments, the mmvention provides for a nucleic acid molecule
encoding an oncolytic virus described herein. In some embodiments, the imvention provides for a
viral stock of an oncolytic virus described herein. In some embodiments, the invention provides
for a composition comprising an oncolytic virus described herein and a pharmaceutically-
acceptable carrier.

{0038] In some embodiments, the invention provides a method of killing a
cancerous cell, comprising exposing the cancerous cell to an oncolytic virus described herein or
compositions thereof under conditions sufficient for the oncolytic virus to nfect and replicate
within said cancerous cell, and wheremn replication of the oncolytic virus within the cancerous
cell results in cell death. In some embodiments, the cancerous cell has a reduced expression of a
tumor-suppressive miR capable of binding to the one or more tumor-suppressive niR-target
sequences compared to the expression of the tumor-suppressive miR in a non-cancerous cell. In
some embodiments, the expression level of the tumor-suppressive miR in the cancerous cell is at
least 5% less than the expression level the tumor-suppressive miR in the non-cancerous cell. In
some embodiments, replication of the oncolytic virus is increased or maintained in cancerous
cells with a reduced expression of the tumor-suppressive miR capable of binding to the one or

more tumor-suppressive nuR-target sequences. In some embodiments, viral replication is at least
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5% greater in the cancerous cells compared to the viral rephication in the non-cancerous cell In
some embodiments, the cell is in vivo. In some embodiments, the cell 1s within a tumor.

{8039] In some embodiments, the invention provides a method of treating cancer
m a subject in need thereof, comprising administering an oncolytic virus described herein or
compositions thereof to the subject. In some embodiments, the subject is a mouse, a rat, a rabbit,
a cat, a dog, a horse, a non-human primate, or a human In some embodiments, the oncolytic
virus or compositions thereof are administered intravenously, subcutaneously, intratumorally,
mtramuscularly, or intranasally. In some embodiments, the cancer 1s selected from lung cancer,
breast cancer, ovarian cancer, cervical cancer, prostate cancer, testicular cancer, colorectal
cancer, colon cancer, pavncreatic cancer, hiver cancer, gastric cancer, head and neck cancer,
thyroid cancer, malignant glioma, ghoblastoma, melanoma, B-cell chronic lymphocytic
leukerma, diffuse large B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL) In
some embodiments, lung cancer 1s small cell lung cancer or non-small cell lung cancer. In some

embodiments, liver cancer is hepatocellular carcinoma (HCC).

BRIEF DESCRIPTION OF THE DRAWINGS

[B048] FIG. 1 llustrates a heat map of an muRNA expression profile n cancerous
and non-cancerous brain tissue corresponding to 25 selected miRNAs.

[0041] FIG. 2 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous bladder tissue corresponding to 25 selected miRNAs.

{0042] FIG. 3 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous breast tissue corresponding to 25 selected miRNAs.

{0043] FIG. 4 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous colon tissue corresponding to 25 selected miRNAs.

{0044] FIG. 5 illustrates a heat map of an nmuRNA expression profile in
glioblastoma and non-cancerous brain tissue corresponding to 25 selected miRNAs.

[0045] FIG. 6 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous head and neck tissue corresponding to 25 selected nuiRNAs.

{0046] FIG. 7 illustrates a heat map of an miRNA expression profile in cancerous

and non-cancerous lung tissue corresponding to 25 selected miRNAs.
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{8047} FI1G. 8 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancercus pancreatic tissue corresponding to 25 selected miRNAs.

{0048] FIG. 9 idlustrates a heat map of an muRNA expression profile in
schwannoma and non-schwannoma tissue corresponding to 25 selected niRNAs.

[0049] FIG. 10 illustrates downregulation of miR-451a expression 1n all tumor
types (CA) compared to non-cancerous tissue {Norm}.

[0050] FIG. 11 illustrates downregulation of miR-1 expression n all tumor types
{CA), moderate expression of miuR-1 in non-cancerous tissue {(Norm), and high expression of
miR-1 in non-cancerous head and neck tissue (H&N).

[0051] FIG. 12 ilustrates downregulation of miR-559 expression in all tumor
types (CA), low expression of miR-559 1n non-cancerous tissue (Norm), and high expression of
miR-559 10 non-cancerous lung tissue.

{0082} FIG. 13 illustrates downregulation of miR-145-5p expression 1n all tumor
types (CA) and high expression of miR-145-5p m the majority of non-cancerous tissue (Norm}.

[B053] FIG. 14 illustrates downregulation of miR-143-3p expression in colon
fung, and pancreatic tumor types (CA) and high expression of miR-143-3p in the majority of
non-~cancerous tissue (Norm).

[6054] FIG. 15A- FIG. 15C illustrate a2 muRNA expression and attenuation
reporter gene system described in Example 2. FIG. 15A shows a schematic of a pTetR tet
repressor plasmid that induces expression of an miRNA expression plasmid. FIG. 15B shows a
schematic of a pTF-002 miRNA expression plasmid containing a tet-inducible mCherry and
miRNA expression cassette. FIG. 15C shows a schematic of a pTF-004 miRNA attenuation
reporter enabling the read-out of destabilized GFP (dsGFP).

{0055] FIG. 16 illusirates miR-122 expression and attenuation using the reporter
system shown in FIG. 15 and described in Example 2.

{0056] FIG. 17 illustrates nmuR-122 nuR-184, miR-34a, and Let7a-mediated GFP
attenuation using the reporter system shown in FIG. 15 and described in Example 2. Circled
wells indicate reduced GFP expression levels.

{0087] FIG. 18 tllustrates expression of miR-122, miR-184, miR-34a, and Let7a,
indicated by mCherry expression, using the reporter system shown in FIG. 15 and described in

Example 2.
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FiG. 19 illustrates nuR-122, miR-124 miR-145, miR-199, and miR-451-

mediated GFP attenuation using the reporter system shown in FIG. 15 and described in Example

2. Circled wells indicate reduced GFP expression levels.

[0059]

FIG.

20 illustrates expression of miR-122, miR-124, niR-145, muR-199,

and miR-451, indicated by mCherry expression, using the reporter system shown in FIG. 15 and

described in Example 2.
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FIG. 32 shows miR-attenuated HSV constructs with target sequences for

various miRNAs mserted into the ICP27 and ICP4 genes.
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{6072] FI1G. 33 illustrates HSV attenuation by muR-125 in non-cancerous {post-
mitotic Iung) and cancerous {A253} cells.

{0073] FIG. 34 shows qPCR-based quantitation of HSV attenuation by muR-125
in non-cancercus (PM Lung) and cancerous {A253) lung cells.

[0074] FIG. 35 ddlustrates fluorescence-based quantitation of HSV attenuation by
miR-145 in HCC1395 vs. A253 celis,

{0075} FIG. 36 shows qPCR-based quantitation of HSV attenuation by muR-145
m HCC1395 vs. A253 cells.

[0076] FIG. 37 illustrates fluorescence-based quantitation of HSV attenuation by
miR-199a-5p vs. miR-143-3p in normal lung cells.

[0077] FIG. 38 shows qPCR-based quantitation of HSV attenuation in normal
fung cells by muR-199a-5p vs. miR-143-3p.

[0078] FIG. 39 ilustrates a schematic of an ICP4-TouRNA-attenuvated HSV
vector for the treatment of cancer or benign hyper-proliferative disorders.

[0079] FIG. 40 shows a schematic of an ICP27-TmiRNA-attenuated HSV vector

for the treatment of cancer or benign hyper-proliferative disorders.

[B080] FIG. 41 shows a schematic of a UL19-TmiRNA-attenuated HSV vector
for the treatment of cancer or benign hyper-proliferative disorders.

[B081] FIG. 42 shows a schematic of an ULT9-TrmuRNA and ICP27-TrmiRNA-
attenuated HSV vector for the treatment of cancer or benign hyper-proliferative disorders.

{0082] FIG. 43 shows a schematic of an UL19-TmiRNA and ICP4-TmuRNA-
attenuated HSV vector for the treatment of cancer or benign hyper-proliferative disorders.

{0083] FIG. 44 shows a schematic of an UL19-TmiRNA, ICP27-TmiRNA, and
ICP4-TmiR N A-attenuated HSV vector for the treatment of cancer or benign hyper-proliferative
disorders.

{0084] FIG. 45 shows a schematic of an ICP4-TmiRNA-attenuated, genome-

editing HSV vector for the treatment of cancer.

{0085 FIG. 46 shows a schematic of an ICP4-TmiRNA-attenuated, genome-
editing, microenvironment-remodeling HSV vector for the treatment of cancer.

{0086 FIG. 47 shows a schematic of an ICP4-TnmiRNA and ICP27-TmiRNA-

attenuated HSV vector for the treatment of pancreatic, lung, and colon cancer.
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{0087] FI1G. 48 shows a schematic of an ICP4-TmuRNA and ICP27-TmiRNA-
attenuated HSVY vector for the treatment of multiple cancer types.
{0088] FIG. 49 shows a schematic of an ICP4-TmuRNA and ICP27-TmiRNA-

attenuated HSY vector for the treatment of schwannoma.

DETAILED DESCRIPTION OF THE INVENTION

{0089] In some aspects, the present invention utilizes differential muRNA
expression profiles to effectively restrict viral vector replication to tumor cells. In some
embodiments, the viral vectors described herein also disrupt the expression of specific nuRNAs
for reduced tumor proliferation, metastasis, and/or remodeling of the tumor microenvironment to
enable enhanced viwral spread. In some embodiments, the wviral vectors described herein
encompass the use of surface molecules on viral vectors to facilitate targeting to tumor cells.
These aspects can be applied individually or in combination to develop viral vectors potentially
capable of treating a wide array of cancer types with a single viral vector. As such, the invention
further encompasses recombinant oncolytic viral vectors for use in the treatment and prevention
of diseases and disorders {(e.g, cancer). In some embodiments, this mmvention utilizes
endogenous microRNA (miRNA) to enable a safe and efficacious recombinant viral vector
suttable to treat a broad array of cancers.

[6096] The section headings used herein are for organizational purposes only and
are not to be construed as limiting the subject matter described. All documents, or portions of
documents, cited herein, including but not himited to patents, patent applications, articles, books,
and treatises, are hereby expressly mcorporated by reference mn ther entirety for any purpose. In
the event that one or more of the meorporated documents or portions of docoments define a term
that contradicts that term’s definition in the application, the definition that appears in this
application controls. However, mention of any reference, article, publication, patent, patent
publication, and patent application cited herein is not, and should not be taken as an
acknowledgment, or any form of suggestion, that they constitute valid prior art or form part of
the common general knowledge in any country in the world.

{0691} In the present description, any concentration range, percentage range, ratio
range, of integer range is 1o be understood to include the value of any integer within the recited

range and, when appropriate, fractions thereof (such as one tenth and one hundredth of an
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integer), unless otherwise indicated. It should be understood that the terms "a" and "an" as used
herein refer to "one or more" of the enumerated components unless otherwise indicated. The use
of the alternative {e.g., "or") should be understood to mean either one, both, or any combination
thereof of the alternatives. As used herein, the terms "include" and "comprise" are used
synonymously. As used herein, “plurality” may refer to one or more components {e.g., one or

more miRNA target sequences).

Cucolytic Viruses

{0092] In some embodiments, the present invention provides for recombinant
oncolytic viruses, wherein one or more copies of one or more tumor-suppressive micro-RNA
(muR) target sequences are inserted into a locus of one or more viral genes required for viral
replication. As used herein, the term “oncolytic virus” refers to a virus that has been modified to,
or naturally, preferentially infect cancer cells. Examples of oncolytic viruses are known in the art
mcluding, but not limited to, herpes simplex virus, an adenovirus, a polio virus, a vaccinia virus,
a measles virus, a vesicular stomatitis virus, an orthomyxovirus, a parvovirus, a maraba virus or
a coxsackievirus. In some embodiments, the oncolytic viruses described herein are incorporated
into a viral vector. The term “vector” is used herein to refer to a nucleic acid molecule capable
transferring or transporting another nucleic acid molecule.  The transferred nucleic acid is
generally linked to, e.g., inserted into, the vector nucleic acid molecule. A vector may include
sequences that direct autonomous rephication m a cell, or may include sequences sufficient to
allow integration into host cell DNA. A wviral vector may sometimes be referred to as a
“recombinant virus” or a “virus.” The terms “oncolytic virus” and “oncolytic vector” are used
mterchangeably herein. In particular embodiments, the recombinant viral vector 1s a herpes
simplex virus capable of tumor-selective vector replication as described in International PCT
Publication No. WO 2015/066042, which 1s incorporated by reference mn s entirety.

[6093] The terms “microRNA,” “ouRNA,” and “miR” are used interchangeably

-

herein and refer to small non-coding endogencus RNAs that regulate gene expression by
directing their target messenger RNAs {(mRNA} for degradation or translational repression. miRs
are differentially expressed in a broad array of disease states, including multiple types of cancer.
In some aspects, cancer cells of a given cancer type or tissue demonsirate differential expression

of miRs compared to non-cancerous control cells. As used herein, the term “onconuR” refers to
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nmiRs that are associated {either positively or negatively} with carcinogenesis, malignant
transformation, or metastasis. In some aspects, the expression level of a particular oncomiR is
associated with the development or maintenance of a particular cancer. Such miRs are referred to
herein as “oncogenic miRs.”

[0094] in some embodiments, the expression of an oncogenic miR 1s increased in
cancerous cells or tissues compared to non-cancerous controls. For example, the expression of an
oncogenic miR in a cancerous cell may be increased by at least 5% compared to the expression
of the oncogenic nuR in a non-cancerous cell or tissue. In some embodiments, the expression of
an oncogenic nuR 15 mereased by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
S0%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 300%, 400%, S00%, 1000% or more
compared to the expression of the oncogenic miR i a non-cancerous cell or tissue. In some
aspects, a cancerous cell or tissue may express an oncogenic nuR that 18 not expressed i non-
cancerous control cells or tissues. In some embodiments, the expression of an oncogenic miR 1s
mcreased m cancerous cells or tissues compared to cancerous cells derived from a different
cancer type. For example, the expression of an oncogenic muR in a cancerous cell may be
increased by at least 5% compared to cancerous cells derived from a different cancer type. In
some embodiments, the expression of an oncogenic miR s increased by at least 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 300%,
400%, S00%, 1000% or more compared to cancerous cells derived from a different cancer type.
Examples of oncogenic miRNAs that are frequently over-expressed in cancer tissues include, but
are not himited to, miR-21, miR-155 and miR-17-92. Additional examples of oncogenic miRs are
listed in Table 4.

{B095] In some embodiments, the expression of a particular oncomiR s
associated with the prevention and/or delay of carcinogenesis and/or metastasis. Such oncomiRs
are referred to heremn as “tumor-suppressor miRs” or “tumor-suppressive miRs,” as their
expression prevents or suppresses the development of cancer. In some embodiments, under-
expression of tumor-suppressive miRs can lead to cancer. As such, in some aspects, tumor-
suppressive miRs are expressed in healthy cells and are not expressed in cancerous cells. In some
aspects, the expression of a particular tumor-suppressive miR 15 increased in a healthy cell
compared to a cancerous cell. For example, the expression of a tumor-suppressive miR in a

healthy {(e.g., non-cancerous) cell may be increased by at least 5% compared to the expression of
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a tumor-suppressive miR a cancerous cell. In some embodiments, the expression of a tumor-
suppressive miR 15 increased by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
60%, 70%, 80%, 90%, 100%, 150%, 200%, 300%, 400%, 500%, 1000% or more compared to
the expression of the tumor-suppressive miR in a cancerous cell. In some embodiments, the
expression of a tumor-suppressive niR is increased in normal cells or tissues compared to
normal cells derived from a different tissue type or location in the body. For example, the
expression of a tumor-suppressive miR in a normal cell may be increased by at least 5%
compared to normal cells derived from a different tissue type or location in the body. In some
ernbodiments, the expression of a tumor-suppressive niR in a normal cell 1s increased by at least
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 70%, 80%, 90%, 100%, 150%,
200%, 300%, 400%, 500%, 1000% or more compared to normal cells derived from a different
tissue type or location n the body. Examples of turor-suppressive miRNAs include, but are not
bimited to, nuR-15a, miR-16-1, miR-34, as well as miRNAs of the let-7 famidy. Additional
examples of tumor-suppressive nuRs are listed in Table 3 and Table 8.

[8096] Cancer pathogenesis 1§ a heterogeneous and multigenic process. As such,
activation of particular pathways and the expression of particular genes may lead to cancer
development in one context, and result m distinct or opposing results when activated or
expressed in a different context. Therefore, the characterization of a particular gene or miR as an
“oncogene” or “oncogenic miR” or as a “tumor-suppressor” or “tumor-suppressive muR” is not a
binary distinction and is often context dependent. For example, miR-152b functions as an
oncogenic miR in the vast majority of hematologic malignancies, but functions as a tumor-
suppressive miR in many solid temors. Further, a particular miR may be highly expressed in
both cancerous and non-cancerous cells. For example, miR-155 is highly expressed in normal
cells, playing an essential role in macrophage polarization, and is also highly expressed in cancer
cells. As such, the development of the miR-attenuated, genome-editing, and microenvironment-
remodeling oncolytic viruses described herein is based on the differential expression of a
particular miR or group of miRs in one cell population or tissue compared to another cell
population or tissue. One of skill in the art will understand that the term tumor-suppressive miR
generally refers to a nuR that is more highly expressed in a non-cancerous cell or tissue
compared to a cancerous cell or tissue, and that the term oncogenic miR generally refers to a miR

that 1s more highly expressed in a cancerous cell or tissue compared to a non-cancerous cell or
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tissue. One of skill in the art will further understand that a miR characterized as a tumor-
suppressive muR in one type of cancer may or more may not function as a tumor-suppressive
miR in a different type of cancer, and that a nuR characterized as an oncogenic miR in one type
of cancer may or more may not function as an oncogenic miR in a different type of cancer.

[0097] Table 1 shows the relationship between 12 select oncomiRs (9 tumor
suppressors and 3 oncogenic niRNAs) and numerous cancers. A list of 3,410 oncomiR-cancer
relationships 1s shown in Table 2. nmuRNAs regulate many transcripts of proteins that are
mvolved in the control of cellular proliferation and apoptosis. Regulated proteins include
conventional proto-oncoproteins and tumor suppressors such as Ras, Myc, Bel2, PTEN and p53.
Aberrant expression of miRNAs therefore often is involved in development of cancer and can
therapeutically be corrected by either mmhibiting oncogenic muiRNAs or replacing the depleted
tumor suppressor miRNA. Further, the differential expression of particular onconuRs in
cancerous vs. non-cancerous cells can be exploited as a means to target cancer therapeutics
spectfically to cancer cells. As such, in some embodiments, the oncolytic viral vectors described
herein can comprise the following properties individually or in combination: insertion of tumor-
suppressive miRNA target sequences into the viral genome, thereby restricting viral vector
rephication to cancer or tumor cells; one or more polynucleotides mcorporated nto the viral
genome whose product(s} disrupt the function of an oncogenic miRNA and/or the cancer
extracellular matrix; and/or protease-activated antibodies mcorporated into the viral particle n
order to highly selectively target the vectors to cancer and/or tumor cells.

{0098] One aspect of the invention comprises a recombinant oncolytic virus {or
viral vector) comprising a plurality of copies of one or more tumor-suppressive miRNA target
sequences {e.g., an miRNA selected from the miRNAs histed in Table 3 or Table 8) inserted into
a locus of one or more viral genes required for viral replication. In certain embodiments, a
recombinant oncolytic virus may comprise tumor-suppressive miRNA target sequences inserted
mnto a locus of at least one, at least two, at least three, at least four, at least five, at least six, at
least seven, at least eight, at least nine, or at least ten viral genes required for viral replication.
Tumor-suppressor miRNAs expressed in normal (non-cancerous) cells can bind to such target
sequences and suppress expression of the viral gene containing the miRNA target sequence,
thereby limuting viral replication in healthy, non-cancerous cells. Such recombinant oncolytic

viruses and/or vectors are referred to herein as “nuR-attenuated” or “rephication-restricted” as
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they result in reduced or attenuated viral replication in cell that express a tumor-suppressive miR
capable of binding to the incorporated tumor-suppressive miR target sequence compared to cells
that do not express, or have reduced expression of, the tumor-suppressive miR. By incorporating
tumor-suppressive miRNAs into key genes required for viral replication, viral replication can be
conditionally suppressed in normal diploid cells expressing the tumor-suppressive miRNAs and
can proceed normally in cells that do not express the tumor-suppressive miRNAs. In such
embodiments, healthy, non-cancerous cells are protected from the normal cells from lytic effects
of infection by the recombinant viral vector.

[0099] In certain embodiments, the one or more tumor-suppressive miRNA target
sequences 18 ncorporated into the 57 untranslated region (UTR) and/or 37 UTR of one or more
genes one or more viral genes required for viral replication. In normal diploid cells, tumor-
suppressive miRNAs can bind to the engineered 37 or 5° non coding sequence which comprises a
turnor-suppressive miRNA target sequence, but these tumor-suppressive miRNAs are lacking n
transformed or malignant cells. Thus, vural replication can proceed in cells that lack, or have
reduced expression of, the tumor-suppressive miRNAs. In some embodiments, at least one
tumor-suppressive nuR target sequence 1s incorporated into one or more viral genes required for
replication. In some embodiments, the oncolytic viral vector may comprise multiple copies of an
identical tumor-suppressive miR target sequence incorporated nto one viral gene required for
rephication. For example, 1, 2, 3, 4, 5,6, 7, 8, 9, 10 or more copies of a tumor-suppressive miR
target sequence may be incorporated into a viral gene required for replication. In particular
embodiments, 2 to 6 copies of a tumor-suppressive miR target sequence are incorporated into the
37 or 8 UTR of a viral gene required for replication. In further embodiments, 4 copies of a
tumor-suppressive miR target sequence are incorporated into the 3” or 57 UTR of a viral gene
required for replication. In some embodiments, the oncolytic viral vector may comprise multiple
copies of the same tumor-suppressive miR target sequence incorporated into a plurality of viral
genes required for replication. For example, 1,2, 3,4, 5, 6,7, 8,9, 10 or more copies of a tumor-
suppressive miR target sequence may be incorporated into 1, 2, 3, 4, 5,6, 7, 8, 9, 10, or more
genes required for viral replication. In particular embodiments, 2 to 6 copies of a tumor-
suppressive miR target sequence are incorporated mto the 37 or 57 UTR of two or more viral

genes required for replication. In further embodiments, at least 4 copies of a tumor-suppressive
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nmiR target sequence are incorporated into the 3° or 7 UTR of two or more viral genes required
for replication.

{60106] In some embodiments, the oncolytic viral vector may comprise target
sequences for more than one tumor-suppressive miR incorporated into one viral gene required
for replication. For example, target sequences for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more different
tumor-suppressive miRs may be incorporated into a single gene required for viral replication. In
some embodiments, the oncolytic viral vector may comprise target sequences for more than one
tumor-suppressive miR incorporated into a plurality of viral genes required for replication. For
example, target sequences for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more different tumor-suppressive
miRs may be mncorporated into 1, 2, 3, 4, 5, 6, 7, §, 9, 10, or more genes required for viral
replication. In some embodiments, the oncolytic viral vector may comprise multiple target
sequences {e.g., at least 1,2, 3,4, 5,6, 7, 8, 9, 10 copies of one target sequence) for at least two
different tumor-suppressive nuRs {e.g., at least 1, 2, 3, 4, S, 6, 7, 8, 9, 10 different tumor-
suppressive nuRs). In such embodiments, the multiple target sequences for a first tumor-
suppressive miR may be incorporated into a first gene required for replication, the multiple target
sequences for a second tumor-suppressive miR may be incorporated into a second gene required
for replication, the multiple target sequences for a thud tumor-suppressive muR may be
incorporated mto a third gene required for replication, etc. In particular embodiments, the
oncolytic viral vectors described herein comprise at least 2 to at least 8 copies of first tumor-
suppressive miR target sequence incorporated into the 3” or 5 UTR of a first gene required for
replication, at least 2 to at least 8 copies of second tumor-suppressive miR target sequence
incorporated mto the 3” or 5 UTR of a second gene required for replication, and at least 2 to at
least 8 copies of third tumor-suppressive miR target sequence incorporated into the 37 or 5° UTR
of a third gene required for replication.

[00101] In some embodiments, the miR-attenuated oncolytic viruses described
herein result in reduced viral replication in a cell that expresses a tumor-suppressive miR capable
of binding to one or more of the incorporated miR-target sequences. “Viral replication” refers to
the total number of viral replication cycles that occur 1n a particular cell or population of cells
during a given amount of time. In some embodiments, viral replication can be measured directly
by assessing the total viral titer present over the course of the given amount of time, or by

assessing the number of wviral genome copies present {e.g., by sequencing) In some
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embodiments, the viral vector may additionally comprise a detectable label, such as a fluorescent
reporter. In such embodiments, viral replication may be assessed by measuring the fluorescence
mtensity of the reporter, or the number of cells that express the reporter. In some embodiments,
viral rephication can be measured indirectly by assessing the number of viable cells over the
course of the given amount of time. For example, the level of viral replication would be expected
to inversely correlate with the number of viable cells over time.

[00102] “Reduced viral replication” as used herein, refers to a level of wviral
replication that is lower in a first cell or first population of cells compared to a second cell or a
second population of cells. In some embodiments, the level of viral replication in the first cell or
first population of cells 15 reduced by at least 5% compared to the level of viral replication n the
second cell or population of cells. In some embodiments, the level of viral replication 1o the furst
cell or first population of cells 1s reduced by at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 30%, 60%, 70%, 80%, 90% or more compared to the level of viral
replication in the second cell or population of cells. In some embodiments, viral replication in the
first cell or first population of cells 15 completely inhibited compared to the viral replication in
the second cell or population of cells.

[B0103] In some embodiments, the reduced viral replication in the first cell or first
population of cells correlates with the expression of a tumor-suppressive miR capable of binding
to the one or more miR-target sequences icorporated into one or more viral genes required for
replication. In some embodiments, expression of a tumor-suppressive miR corresponding to the
imcorporated miR-target sequence therefore inhibits or reduces the expression of the replication
gene, thereby inhibiting or reducing viral replication. In some embodiments, the second cell or
second population of cells does not express, or has a reduced expression level, of the tumor-
suppressive miR. In some embodiments, absent or reduced expression of a tumor-suppressive
miR {e.g., in a cancer cell} corresponding to the incorporated miR-target sequence allows for
viral replication to proceed. In some embodiments, the expression level of the tumor-suppressive
miR in the second cell or population of cells 1s at least 5% lower than the expression level of the
tumor-suppressive miR in the first cell or population. In some embodiments, the expression level
of the tumor-suppressive miR in the second cell or population of cells is reduced at least 5%, 6%,
7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%., 40%, S0%, 6%, 70%, 80%, 90% or more

compared to the expression level of the tumor-suppressive miR in the first cell or population. In
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some embodiments, the second cell does not express the tumor-suppressive miR. In particular
embodiments, the first cell is a non-cancerous cell and the second cell is a cancerous cell.

{60104} In some aspects, the multiple copies {e.g., at least 2, at least 3, at least 4, at
least 5, at least 6, or more copies) of a tumor-suppressive miRNA target sequence are inserted
mto a locus in the viral genome in tandem. In such embodiments, the multiple copies of the
target sequence may be separated by a hinker sequence or a space sequence In some
embodiments, the linker and/or spacer sequence comprises 4 or more nucleotides. For example, a
space or linker sequence may comprise 4, S, 6, 7, 8, 9, 10, 15, 20, 25, or more nucleotides. In
some emnbodiments, the linker sequence or the spacer sequence comprises about 3 to about 20
nucleotides. In further embodiments, the linker sequence or the spacer sequence comprises about
8 to about 16 nucleotides. As an illustrative emabodiment, and not meant to linut the present
imvention mn any way, an oncolytic virus may comprise at least one, at least two, at least three, at
least four, at least five, at least six, at least seven, at least eight, at least nine, or at least ten of one
or more of the following subunits mserted in tandem nto a locus of one or more viral genes
required for viral replication: (a) target sequence for a first tumor-suppressive muRNA - linker or
spacer sequence — target sequence for the first tumor-suppressive muRNA; or {b) target sequence
for a first tumor-suppressive muRNA — linker or spacer sequence — target sequence for a second
tumor-suppressive muRNA.  In some embodiments, the miRNA target sequence 1s the reverse
complement of the nuRNA.

[{60105] In some embodiments, an oncolytic virus is a herpes simplex virus (HSV}),
and the viral gene required for viral replication UL1, ULS, UL6, UL7, ULE, ULY, UL11, UL12,
UL14, UL1S, UL17, ULIS, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29,
UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48,
UL49, ULS2Z, ULS3, UL54, ICPO, ICP4, 1ICP22, ICP27, ICP47, gamma-34.5, US3, US4, US3,
US6, US7, USE, US9, US10, USTI, and/or US12. In some embodiments, an oncolytic virus is a
herpes simplex virus (HSV), and the one or more tumor-suppressive miRNA target sequences is
mcorporated into one or more of ICPO, ICP4, UL19, and ICP27 genes. In certain embodiments,
an oncolytic viral vector is an HSV that comprises one or more tumor suppressive niRNA target
sequences {2.g., any of the tumor-suppressive miRs listed in Table 3} incorporated into the 5° or
3> UTR of one or more genes {e.g., ULT, ULS, UL6, UL7, UL8, ULS, UL11, UL12, UL14,
UL1S, UL17, ULI], UL19, UL20, UL22, UL25, UL26, UL26.S, UL27, UL28, UL29, UL30,
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UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL3S, UL39, UL40, UL42, UL48, UL49,
UL52, ULS3, ULS4, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, USS,
US7, USE, USS, 1810, USHE, or US12) that are required for viral replication {e.g., F1(Gs. 39-49).

[{00106] In some embodiments, a replication-restricted viral vector {e.g., a miR-
attenuated viral vector) comprises at least one let-7 target sequence and is used to treat lung
cancer. In some embodiments, a replication-restricted viral vector comprises at least one miR-
15a and/or at least one miR-16A target sequences and s used to treat B-cell chronic lymphocytic
leukemia. In some embodiments, a replication-restricted viral vector comprises at least one miR-
125b, at least one miR-145, at least one ouR-21, and/or at least one miR-153 target sequences
and is used to treat breast cancer. In other embodiments, a replication-restricted viral vector
comprises at least one miR~143 and/or at least one miR-~143 target sequences and 15 used to treat
colorectal cancer. In certain embodiments, a replication-restricted viral vector comprises at least
one miR-181a, at least one nuR-181b, and/or at least one miR-181¢ target sequences and is used
to treat ghioblastoma. In some embodiments, a replication-restricted viral vector coraprises at
least one miR-199a*, at least one miR-195, at least one nuiR-19%a, at least one miR-200a, and/or
at least one miR-125a target sequences and is used to treat liver cancer {e.g., hepatocellular
carcinomay.

{60107} In particular embodiments, a replication-restricted viral vector cormprises
at least one miR-451a target sequence, at least one miR-143-3p target sequence, at least one
miR-559 target sequence, and at least one miR-~124 target sequence and 15 used for the treatment
of pancreatic, fung, and/or colon cancer. In such embodiments, the target sequences for miR-
451a, miR-143-3p, miR-559, and miR-~124 are incorporated into two or more genes required for
viral replication {e.g., ICP4 and ICP27) In further particular embodiments, a replication-
restricted viral vector comprises at least one miR-451a target sequence, at least one muiR-145-5p
target sequence, at feast one miR-559 target sequence, and at least one miR-124 target sequence
and 1s used for the treatment of any type of cancer described herein. In such embodiments, the
target sequences for miR-451a, miR-145-5p, miR-559, and miR-124 are incorporated into two or
more genes required for viral replication (e.g, ICP4 and ICP27). In further particular
embodiments, a replication-restricted viral vector comprises at least one muiR-205p target
sequence, at least one miR-141-5p target sequence, at least one miR-31-5p target sequence, and

at least one miR-~124 target sequence and 1s used for the treatment of schwannoma. In such
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embodiments, the target sequences for miR-205p, miR-141-5p, nuR-31-5p, and muR-124 are
mcorporated into two or more genes required for viral replication {(e.g., 1CP4 and ICP27).

{00108] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for miR-136-3p, miR-432-
Sp, miR-1-3p, miR-127-3p, muR-379-5p, miR-493-5p, miR-223-5p, nuR-223-5p, miR-136-5p,
miR-451a, miR-487b-3p, miR-370-3p, miR-410-3p, miR-431-3p, miR-4485-3p, miR-4485-5p,
miR-127-5p, miR-409-3p, miR-338-3p, miR-559, miR-411-5p, miR-133a-5p, miR-143-3p, miR-
376b-3p, miR-758-3p, miR-1, miR-101, miR-1180, miR-1236, muR-124-3p, miR-125b, nuR-
126, muR-1280, muR-133a, ouR-133b, miR-~141, nuR-143, miR-144, miR-145, nuR-155, miR-
16, muR-18a, nuR-192, muR-195, muR-200a, nuR-200b, muR-200¢, miR-203, nuR-205, muR-
214, muR-218, miR-23b, ouR-26a, nuR-2%, muR-320¢, muR-34a, miR-370, nuR-409-3p, miR-
429, miR-451, nuR-490-Sp, nuR-493, nuR-576-3p, and/or miR-99a inserted nto the 5 UTR or
3" UTR of one or more viral genes required for viral replication. This oncolytic virus may be
used i methods and compositions for treating bladder cancer.

[80109] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for muR-1251-5p, miR-
219a-5p, miR-219a-2-3p, miR-~124-3p, miR-448, miR-138-2-3p, niR-490-5p, miR-~129-1-3p,
miR-~1264, nuR-3943, miR-490-3p, muR-383-5p, miR-~133b, nuR-129-2-3p, miR-128-2-5p, miR-
133a-3p, miR-~129-5p, ouR-1-3p, miR-885-3p, muR-124-5p, miR-759, muR-7158-3p, nuR-770-
S5p, miR-135a-5p, miR-885-5p, let-7g-5p, miR-100, muR-101, miR-106a, miR-124, miR-124a,
miR-125a, miR-125a-5p, miR-125b, miR-127-3p, muR-128, nuR-129, miR-136, miR-137, miR-
139-5p, miR-142-3p, miR-143, miR-145 miR-146b-5p, miR-149, muR-152, miR-153, miR-195,
miR-21, miR-212-3p, miR-219-5p, miR-222, muR-29%b, miR-31, nuR-3189-3p, miR-320, miR-
320a, miR-326, miR-330, miR-331-3p, miR-340, miR-342 miR-34a, miR-376a, miR-449a,
miR-483-5p, miR-503, miR-577, miR-663, miR-7, miR-7-5p, miR-873, let-7a, let-7f, muR-107,
miR-122, miR-~124-5p, miR-139, miR-146a, miR-146b, nuR-15b, miR-16, miR-181a, miR-181a-
1, miR-181a-2, miR-181b, miR-181b-1, miR-181b-2, miR-181¢c, miR-181d, miR-184 miR-185,
miR-19%a-3p, miR-200a, miR-200b, miR-203, muR-204, miR-205, miR-218, miR-23b, miR-26b,
miR-27a, miR-2%c, miR-328, miR-34¢-3p, miR-34¢-5p, miR-375, miR-383, miR-451, muR-452,
miR-495, miR-584, miR-622, miR-656, miR-98, miR-124-3p, miR-181b-5p, miR-200b, and/or

miR-3189-3p mnserted nto the 37 UTR or 37 UTR of one or more viral genes required for viral
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replication.  This oncolytic virus may be used in methods and compositions for {reating brain
cancer. In certain embodiments, the brain cancer 1s astrocytoma, glioblastoma, or glioma.

{60116] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive nuRNA target sequences for miR-10b-5p, miR-126-
3p, miR-145-3p, miR-451a, miR-199b-5p, miR-5683, miR-3195, miR-3182, miR-1271-5p, miR-
204-5p, miR-409-5p, nuR-136-5p, miR-514a-5p, niR-559, miR-483-3p, miR-1-3p, miR-G0R0,
miR-144-3p, miR-10b-3p, miR-6130, miR-6089, miR-203b-5p, miR-4266, niR-4327, miR-
5694, nuR-193b, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-Tc, let-74d, let-7e, let-7£-1, let-7£-2,
let-7g, tet-71, miR-100, miR-107, miR-10a, niR-10b, nuR~122, miR-124, mR-1258, miR-~125a-
Sp, miR~-125b, miR-126, nuR-127, muR-129, miR-130a, nuR-132, miR-133a, ouR-143, nuR-
145, nuR-146a, nuiR-146b, miR-~147, muR-148a, nuR-149, miR-152, miR-153, ouR-15a, miR-
16, muR-17-Sp, muR-181a, miR-~1826, miR-183, miR-185, miR-191, miR-193a-3p, nuR-195,
miR-199b-5p, miR-19a-3p, nuR-200a, miR-200b, miR-200¢, miR-205, nuR-206, miR-211, miR-
216b, miR-218, nuR-22, muR-26a, niR-26b, muR-300, miR-30a, nuR-31, miR-335, muR-339-5p,
miR-33b, miR-34a, miR-34b, miR-34¢, miR-374a, miR-379, muR-381, miR-383, muR-425, miR-
429, miR~-450b-3p, miR~494, miR-495, miR-497, miR-502-5p, miR-517a, miR-574-3p, miR-
638, muR-7, muR-720, vuR-873, nmuR-874, muR-92a, nuR-98, miR-9%a, mmu-miR-290-3p,
and/or mmu-miR-290-5p inserted into the 5” UTR or 37 UTR of one or more viral genes required
for viral replication. This oncolytic virus may be used in methods and composttions for treating
breast cancer.

{00111} In some embodiments, a recombinant oncolytic virus comprises a phurality
of copies of one or more tumor-suppressive miRNA target sequences for miR-143, miR-145,
miR-17-5p, miR-203, miR-214, miR-218, miR-335, miR-342-3p, miR-372, miR-424, miR-491-
S5p, miR-497, miR-7, miR-9%, muR-99h, muR-100, miR-101, miR-15a, muR-16, miR-34a, miR-
886-5p, miR-106a, miR-124, miR-148a, miR-2%, and/or miR-375 inserted into the 5 UTR or 37
UTR of one or more viral genes required for viral replication. This oncolytic virus may be used
m methods and compositions for treating cervical cancer.

{00112} In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRINA target sequences for miR-133a-5p, nuR-
490-5p, miR-124-3p, miR-137, miR-655-3p, miR-376¢-3p, miR-369-5p, miR-490-3p, miR-432-
Sp, nuR-487b-3p, miR-342-3p, miR-~223-3p, miR-~-136-3p, miR-136-3p, nuR-143-Sp, miR-1-3p,
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miR-214-3p, miR-143-3p, miR-19%a-3p, miR-199b-3p, miR-451a, miR-127-3p, miR-133a-3p,
miR-145-5p, miR-145-3p, miR-19%9a-5p, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-Te,
let-7f-1, let-7£-2, let-7g, let-7i, miR-100, nuR-101, miR-126, miR-142-3p, miR-143, miR-145,
miR-192, miR-200¢, miR-21, muR-214, muR-215 nuR-22 nuR-25, miR-302a, miR-320, miR-
320a, miR-34a, miR-34c, miR-365, miR-373, miR-424, miR-429, miR-458, nuR-484, miR-502,
miR-503, miR-93, miR-98 miR-186, miR-30a-5p, niR-627, let-7a, miR-1, miR-124, miR-125a,
miR-129, miR-1295b-3p, miR-1307, miR-130b, miR-132, miR-133a, miR-133b, miR-137, miR-
138, nuR-139, miR-139-5p, miR-140-5p, miR-148a, miR-148b, niR-149, miR-150-5p, miR-
154, nuR-15a, nuR-15h, miR~16, ouR-18a, miR-191, nuR-193a-5p, ouR-194, miR-195, miR-
196a, miR-~198, muR-199a-3p, ouR-203, nmuR-204-5p, miR-206, nuR-212, miR-218, nuR-224,
miR-24-3p, ouR-26b, miR-27a, miR-28-3p, miR-28-5p, nuR-2%b, nuR-30a-3p, nuR-30b, miR-
328, muR-338-3p, muR-342, muR-345, miR-34a-5p, miR-361-5p, ouR-375, nuR-378, niR-378a-
3p, miR-378a-5p, miR-409-3p, muiR-427a, miR-4487, nuR-483, muR-497, miR-~498, miR-518a-
3p, miR-551a, muR-374-5p, nuR-625, miR-638, nuR-7, miR-96-3p, nuR-202-3p, miR-30a,
and/or miR-451 mserted into the 57 UTR or 3° UTR of one or more viral genes required for viral
rephication. This oncolytic virus may be used 1n methods and compositions for treating colon or
colorectal cancer,

{60113] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive nuRNA target sequences for miR-101, nmuR-130a,
miR-130b, miR-134, miR-143, miR-145, miR-152, miR-205, miR-223, miR-301a, miR-301b,
miR-30c, miR-34a, miR-34c, miR-424, miR-449a, miR-543, and/or miR-34b inserted into the 5
UTR or 3" UTR of one or more viral genes required for viral replication. This oncolytic virus
may be used in methods and compostiions for treating endometrial cancer.

[60114] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for miR-125b, miR-138,
miR-15a, miR-15b, miR-16, miR-16-1, miR-16-1-3p, miR-16-2, miR-181a, nuR-181b, miR-195,
miR-223, miR-29b, nuR-34b, miR-34¢, miR-424, miR-10a, miR-146a, miR-150, miR-151, niR-
155, miR-2278, miR-26a, miR-30e, muiR-31, miR-326, miR-564, miR-27a, let-7h, miR-124a,
miR-142-3p, let-7¢c, miR-17, miR-20a, miR-2%, nmiR-30c, nuR-720, miR-107, miR-342, miR-
3da, miR-202, miR-142-5p, miR-29¢, miR-145, miR-193b, miR-199, nuR-214, miR-22, miR-

137, and/or miR-197 nserted into the 3" UTR or 3 UTR of one or more viral genes required for
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viral rephication. This oncolytic virus may be used in methods and compositions for treating
hematologic cancer. In some embodiments, the hematologic cancer 15 leukenua, lymphoma, or
myeloma.

[00115] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for miR-1, miR-145, miR-
1826, miR-19%9a, muR-19%a-3p, miR-203, niR-205, miR-497, miR-508-3p, miR-509-3p, let-7a,
let-7d, miR-106a*, miR-126, miR-1285, miR-129-3p, miR-1291, miR-133a, miR-135a, miR-
138, miR-141, miR-143, miR-182-Sp, miR-200a, miR-218, miR-28-5p, miR-30a, miR-30c, miR-
30d, miR-34a, miR-378, nuR-429, miR-509-3p, nuR-646, miR-133b, let-7h, let-7¢, nuR-200c,
miR-204, nuR-335, miR-377, and/or miR-506 inserted into the 37 UTR or 37 UTR of one or
more viral genes required for viral rephcation. This oncolytic virus may be used 1n methods and
composttions for treating kidney cancer.

{00116} In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miIRNA target sequences for let-7a-1, let-7a-2, let-
7a-3, let-7b, let-7¢, let-7d, let-7e, let-7f, let-71-1, let-7f-2, let-7g, let-71, muR-1, ouR-100, miR-
101, miR-105, miR-122, miR-122a, miR-1236, miR-124, muR-125b, muR-126, miR-127, miR-
1271, muR-~128-3p, nuR-129-5p, nuR-130a, muR-130b, miR-1333, nuR-134, miR-137, miR-~138,
miR-~139, miR-139-5p, miR-140-5p, muR-141, muR-142-3p, miR-143, miR~144, miR-145, miR-
146a, nuR-148a, muR-148b, miR-150-5p, muR-15b, muR-16, ouR-181a-5p, miR-185, nuR-188-
S5p, miR-193b, miR-195, miR-195-5p, miR-197, miR-198, miR-19%9a, miR-199a-5p, miR-199b,
miR-199b-5p, miR-200a, miR-200b, miR-200c, miR-202, miR-203, miR-204-3p, miR-205,
miR-206, miR-20a, miR-21, nuR-21-3p, miR-211, miR-212, miR-214, nuR-217, miR-218, miR-
219-5p, miR-22, miR-223, miR-26a, miR-26b, miR-2%a, miR-29b-1, miR-29b-2, miR-29¢ miR-
302b, muR-302¢, miR-30a, miR-30a-3p, miR-335, miR-338-3p, muR-33a, miR-34a, miR-34b,
miR-365, miR-370, miR-372, miR-375, miR-376a, miR-377, miR-422a miR-424 miR-424-5p,
miR-433, miR-4458 miR-448, nmiR-450a, miR-451, miR-485-5p, miR-486-5p, miR-497, miR-
503, nuR-506, miR-519d, miR-520a, muR-520b, miR-520¢-3p, miR-582-5p, miR-590-5p, miR-
610, miR-612, miR-625, miR-637, miR-0675, nuR-7, miR-877, miR-940, miR-941, miR-98,
miR-99a, miR-132, and/or miR-31 inserted into the §7 UTR or 3 UTR of one or more viral

genes required for viral replication. This oncolytic virus may be used in methods and

31



WO 2017/132552 PCT/US2017/015417

compositions for treating fiver cancer. In some embodiments, the liver cancer 15 hepatocellular
carcinoma.

{60117] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive nuRNA target sequences for miR-143-3p, miR-126-
3p, miR-126-5p, nuR-1266-3p, miR-6130, miR-6080, muR-511-5p, nuR-143-Sp, miR-223-5p,
miR-199b-5p, miR-199a-3p, miR-199b-3p, miR-451a, miR-142-5p, miR-144, nuR-150-5p, miR-
142-3p, miR-214-3p, miR-214-5p, miR-199a-5p, miR-145-3p, miR-145-5p, miR-1297, miR-
141, miR-145, miR-16, miR-200a, miR-200b, miR-200c, miR-29b, miR-381, nuR-409-3p, miR-
429, miR-451, nuR-511, miR-99a, let-7a-1, let-7a-2, let-7a-3, let-7h, let-7¢, let-7d, let-Te, lot-7f-
1, let-7£-2, let-7g, let-71, miR-1, nuR-101, muR-133b, miR-138, miR-142-5p, nuR-144, nuR-
1469, miR-146a, muR~153, nuR-15a, nuR-15b, miR-16-1, miR-~-16-2, muR-182, nuR-192, miR-
193a-3p, muR-194, miR~195, ouR-198, miR-203, nuR-217, miR-218, nuR-22, miR-223, nuR-
26a, miR-26b, miR-29¢, nuR-33a, miR-34a, miR-34b, miR-34¢, miR-365, miR-449a, miR-44%b,
miR-486-5p, muR-545, miR-610, miR-614, miR-630, nuR-660, miR-~-7515, muR-9500, miR-98,
miR-99b, nuR-133a, let-7a, muR-100, muR-106a, muR-107, muR-124, miR-125a-3p, miR-125a-
Sp, miR-126, nuR-126%, miR-129, muR-~137, miR-140, nuR-143, miR-146b, miR-148a, miR-
148b, miR~-149, miR-152, miR-154, muR-155, ouR-17-5p, nuR-181a-1, miR-181a-2, miR-181b,
miR-181b-1, nuR-181b-2, muR-181l¢, nuR-181d, muR-184, miR-186, miR-193b, miR-19%;,
miR-204, miR-212, nuR-221, nuR-224, muR-27a, muR-27b, muR-2%9a, miR-30a, miR-30b, miR-
30c, miR-30d, miR-30d-5p, miR-30e-5p, miR-32, miR-335 muR-338-3p, miR-340, miR-342-3p,
miR-361-3p, miR-373, miR-375, miR-4500, miR-4782-3p, miR-497, miR-503, miR-512-3p,
miR-520a-3p, miR-526b, muR-625% and/or miR-96 inserted into the 5° UTR or 3° UTR of one
or more viral genes required for viral replication. This oncolytic virus may be used in methods
and compositions for treating lung cancer.

[00118] In some embodiments, a recombinant oncolytic virus comprises a phurality
of copies of one or more tumor-suppressive miRNA target sequences for let-7b, miR-101, miR-
125b, miR-1280, miR-143, miR-146a, miR-146b, miR-155, nuR-17, nuR-184, miR-185, miR-
18b, miR-193h, miR-200¢, miR-203, miR-204, miR-205, miR-206, miR-20a, miR-211, miR-
218, miR-26a, miR-31, miR-33a, miR-34a, miR-34c¢c, miR-376a, miR-376¢, miR-573, miR-7-5p,

miR-9, and/or miR-98 inserted into the 5 UTR or 3° UTR of one or more viral genes required
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for viral replication. This oncolytic vires may be used in methods and compositions for treating
melanoma.

{60119] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive niRNA target sequences for let-7d, nuR-218, miR-
34a, miR-375, miR-494, muR-100, miR-124, nmuR-1250, miR-125b, miR-126, miR-1271, miR-
136, miR-138, nmuR-145, miR-147, miR-148a, nuR-181a, nuR-206, miR-220a, miR-26a, miR-
26b, miR-2%a, miR-32, miR-323-5p, miR-329, muR-338, nmuR-370, miR-410, miR-429, miR-
433, niR-49%-5p, miR-503, miR-506, miR-632, miR-646, miR-668, miR-877, and/or miR-
9nserted mto the 7 UTR or 37 UTR of one or more viral genes required for viral replication.
This oncolytic virus may be used in methods and compositions for treating oral cancer.

[00120] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for let-71, muR~100, nuR-
124, miR-~125b, muR-129-Sp, muR-130b, miR-133a, ouR-137, miR-~138, miR-~141, muR-~145,
miR-148a, miR-152, nuR-153, ouR-155, miR-199a, muR-200a, miR-200b, miR-200¢, muR-212,
miR-335, miR-34a, muR-34b, muR-34¢, nuR-409-3p, muR-411, nuR-429, miR-432, miR-449a,
miR-494, miR-497, miR-498, miR-519d, miR-655, nuR-9, muR-98, miR-101, nuR-532-5p, miR-
124a, miR-192, muR-193a, and/or miR-7 inserted mnto the S” UTR or 3" UTR of one or more
viral genes required for viral replication. This oncolvtic virus may be used i methods and
compositions for treating ovarian cancer.

{00121} In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for miR-216a-5p, miR-802,
miR-217, miR-145-3p, miR-143-3p, miR-451a, muR-375, muR-214-3p, muR-216b-3p, miR-432-
5p, miR-216a-3p, muR-199b-5p, miR-199a-5p, miR-136-3p, miR-216b-5p, miR-136-5p, nuR-
145-5p, miR-127-3p, miR-199a-3p, miR-199b-3p, miR-559, miR-129-2-3p, miR-4507, miR-1-
3p, miR-148a-3p, miR-101, miR-1181, miR-124, miR-1247, nmiR-133a, nmuR-141, miR-145,
miR-146a, miR-148a, miR-148b, miR-150%, miR-150-5p, miR-152, miR-15a, miR-198, miR-
203, miR-214, miR-216a, miR-29¢, miR-335, miR-34a, miR-34b, miR-34¢c, miR-373, miR-375,
miR-410, miR-497, miR-615-5p, miR-630, miR-96, miR-132, let-7a, let-7a-1, let-7a-2, let-7a-3,
let-7h, let-7c, let-7d, let-7e, let-7t-1, let-7£-2, let-7g, let-71, muR-126, muR-135a, miR-143, miR-
144, miR-150, miR-16, miR-200a, nuR-200b, miR-200¢, miR-217, miR-218 miR-337, miR-

494 and/or miR-98 inserted nto the 5 UTR or 3° UTR of one or more viral genes required for
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viral rephication. This oncolyiic virus may be used in methods and compositions for treating
pancreatic cancer.

[860122] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive niRINA target sequences for let-7a-3p, let-7¢, miR-
100, miR-101, miR-105, nuR-124, miR-128 miR-1296, muR-130b, miR-133a-1, miR-133a-2,
miR-133b, miR-135a, miR-143, miR-145 miR-146a, miR-154, miR-15a, miR-187, miR-188-5p,
miR-199b, miR-200b, miR-203, miR-205, miR-212, miR-218, miR-221, nuR-224, nuiR-23a,
miR-23b, miR-25, nmuR-26a, miR-26b, nmuR-29b, miR-302a, miR-30a, miR-30b, miR-30¢-1,
miR-30c¢-2, miR-30d, nuR-30e, miR-31, muR-330, miR-331-3p, muiR-34a, miR-34b, miR-34c¢,
miR-374b, miR-44%a, miR-4723-5p, miR-497, miR-628-3p, nuR-642a-5p, miR-765, and/or
miR-940 mserted into the 57 UTR or 3> UTR of one or more viral genes required for viral
replication. This oncolytic virus may be used in methods and cormpositions for treating prostate
cancer.

[00123] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive MiRNA target sequences for muR-101, miR-183,
miR-204, miR-34a, miR-365b-3p, miR-486-3p, and/or miR-532-5p mserted nto the 5 UTR or
37 UTR of one or more viral genes required for viral replication. This oncolytic virus may be
used in methods and compositions for treating retinoblastoma.

[80124] In some embodiments, an oncolvtic virus described herein is a herpes
simplex virus and wherein the one or more viral genes required for viral replication is selected
from the group consisting of UL, ULS, UL6, UL7 ULS, ULY, ULM1, UL1Z, UL14, UL1S,
UL17, ULIS, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31,
UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL52,
ULS3, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, eamma-34.5, US3, US4, USS, US6, US7, USS,
US89, US10, US11, and US12.

[00125] in some cases, the recombinant viral vector of the mvention is a herpes
simplex virus (HSV) and further comprises a deletion of the internal repeat (joint} region
comprising one copy each of the diploid genes ICPO, ICP34.5, LAT, and ICP4 along with the
promoter for the ICP47 gene.

{00126] In certain embodiments, the recombinant viral vector of the invention is an

HSV that exhibits enhanced entry into cells, either through direct infection and/or lateral spread.
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In one aspect, HSV vectors of the present invention can directly infect cells through interaction
with cell proteins other than typical mediators of HSV infection (e.g., other than nectin-1,
HVEM, or heparan sulfate/chondroitin sulfate proteoglycans). In certain embodiments, the
recombinant viral vector of the mvention 1s an HSV and further comprises a mutation of the gB
or gH gene that facilitates vector entry though non-canonical receptors. In another aspect, the
mvention provides an HSVY vector further comprising mutant gH glycoproteins that exhibit
lateral spread in cells typically resistant to HSV lateral spread, such as cells lacking gD
receptors. In some embodiments, an HSY vector of the invention comprises one or more of the
mutant gB or gH proteins as described in U.S. Patent Publication No. 2013/0096186, which 1s
mcorporated herein by reference in us entirety. In certain aspects, the mutant entry protein
within an HSV vector 1s a glycoprotein involved with viral entry, such as gB, gH, and the mutant
HSV vector can comprise mutated versions of both. However, the mutant entry protein can be
any protein effecting entry of the HSV vector mto cells. In certain embodiments, the mutant
entry protemn 1 other than gD, although the HSV vector can additionally comprise a mutant gD,
such as containing a ligand or other desired mutation. Non-hmiting mutations of gB or gH
glycoprotein for use in the inventive HSV vector occur at one or more of the following residues:
gB:D285, gB:AS49, gB:8668, gH:NT53, and gH:A778. In some embodiments, the mventive
HSV vector comprises mutations at both gB:D285 and gB:A549, at both gH:N753 and gH:A778,
and/or at each of gB:85668, gH:N753, and gH:A778. In certain embodiments, the HSV vector
contains two or more of such mutations {e.g., 3 or more, 4 or more), and the HSV vector can
comprise muiations in all five of these residues. In one embodiment, an HSV vector has
mutations at gB:285, gB;549, gH:753, and gH.778. The mutations are referred to herein relative
to the codon (amino acid) numbering of the gD, gB, and gH genes of the HSV-1 strain KOS
dertvative K26GFP. The sequences for gB and gH of K26GFP differ from the sequences for gB
as disclosed in GenBank (#AF311740 (incorporated herein by reference)) and for gH {GenBank

#X03896 (incorporated herein by reference}} as reflected in the following table:

Amune acid | AF311740 | K26GFP Nucleotide | AF311740 | K26GFP
position position{s)
2B 313 T S 938-939 ACG AGC
315 A T 943 CC ACC
515 H R 1,544 CAC CGC
X03896 X03896
oH 12 |1 L | 1,011 | ATT | CTT
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110 P S 1,305 CCG TCG

127 1 1 1,357 ACC ATC

138 S A 1,389 TCG GCG

150 A T 1,425 GCC ACC

332 A A 2,573 GCT GCG

633 R R 2,876 CGT CGC
[60127] However, K26GTFP may contain additional differences n the region of the

gene corresponding to nucleotides 2,079-2,102 of GenBank X03896. Thus, it will be understood
that the sequence of either KOS derivative K26GFP or GenBank Accession No. AF311740 can
serve as a reference sequence for the gB mutations discussed herem. Also, the sequence of either
KOS derivative K26GFP or GenBank Accession No. X03896 can serve as a reference sequence
for the gH mutations discussed herein. However, HSV vectors of the mvention may include
homologous mutations in gB and gH of any HSV strain.

{00128] In some aspects, the mutation of the entry protein for inclusion m an HSV
vector 18 a substitution mutation, however, mutations are not limited to substitution mutants. In
certain embodiments, mutant gB or gH glycoproteins for use in an HSV vector are selected from
the group of substitution mutations consisting of @B D28SN, gB:AS49T, oB:S668N, gH NT7S3K,
oH:A778V. In certain aspects, an HSV vector includes combinations of these substitutions (such
as two or more of such substitutions (e.g, 3 or more, 4 or more, or all})), with the
oB:D28SN/gB: AS49T double mutant, the gH:N733K/gH:A778V double mutant, and the
gB:S668N/gH:N733K/gH: A778V triple mutant being examples of embodiments. In one
embodiment, an HSV vector comprises gB D285N/gB: AS49T/gH NT753K/gH A778V.

[00129] In certain aspects, an HSV vector comprises a mutant gB and/or a mutant
¢H glycoprotein, wherein the mutations in the glycoproteins are substitution mutations 1n at least
two residues, wherein, when the vector 18 HSV -1 K26GFP, the at least two residues are selected
from the group consisting of gB:D28S, gB:AS49, ¢B:8668, gH:N753, and gH:A778, or wherein
when the vector is a homologous HSV, the at least two residues are selected from anuno acids
that correlate to gB:D285, gB:AS49, gB:S668, gH:IN753, and gH: A778 wherein the gB:D28S
residue correlates to X 1n VYPYXEFVL (SEQ ID NO:1), the gB: A549 residue correlates to X in
KLNPNXIAS (SEQ ID N(:2), the gB:5668 residue correlates to X m ITTVXTFID (SEQ ID
NG:3} the gHN753 residue correlates to X in VDTDXTQQQ (SEQ ID NO:4}, and the gH A77
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residue correlates to X i VPSTXLLLF (SEQ ID NO:3); and wherein the HSV vector 15 an
HSV-1 or HSV-Z vector.

{60136] In one aspect, the invention encompasses a recombinant oncolytic virus
comprising at least one polynucleotide encoding a protein or an oligonucleotide {e.g., an shRNA,
a decoy oligonucleotide, or an antagomir) that reduces the expression or inhibits the function of
an miRNA, a gene, or a tissue inhibitor of metalloproteinases (TIMP). Such recombinant
oncolytic viruses are referred to herein as “genome-editing” or “microenvironment-remodeling”
viruses or vectors. The encoded protein or oligonucleotide may reduce expression or inhibit the
function of a miRNA, gene, or TIMP in any number of ways including targeting the protein {e.g.,
a TIMP) for degradation {e.g., by ubiguitination and proteosomal degradation or targeting for
lysosomal degradation), blocking interactions with cognate receptors {e.g., blocking antibodies
or antigen binding fragments thereof or peptide inhibitors), degrading messenger RNA
transeripts {e.g., a short interfering RNA or short haurpin RNA), and/or altering the genomic
DNA sequence encoding the specific nuR, gene, or protein {e.g., by an endonuclease).

[00131] In particular embodiments, the protein or oligonucleotide reduces the
expression of a miR or a gene involved i carcinogenesis or metastasis {e.g., an oncogenic mik
or an oncogene). In some embodiments, a recombinant oncolytic virus comprises at least one
polvnuclectide encoding a protein or an oligonucleotide that reduces the expression or function
of an miRNA that 1s an oncogenic muRNA (e.g., one or more of the miRNAs listed in Table 4).
In some embodiments, the recombinant oncolytic virus comprises at least 1,2, 3,4, 5, 6,7, 8, 9,
10 or more polynucleotides encoding for a protein or oligonucleotide that reduces the expression
or function of an oncogenic miRNA. In some embodiments, the recombinant oncolytic virus
comprises at least 1, 2, 3,4, 5, 6, 7, &, 9, 10 or more polynucleotides encoding for a plurality of
proteins or oligonucleotides that reduce the expression or function of a plurality of oncogenic
miRNAs. In some embodiments, the protein or oligonucleotide reduces the expression of miR-
17-92 and 1s used to treat lung cancer {e.g., small-cell lung cancer). In other embodiments, the
protein or oligonucleotide reduces the expression of miR-221 and/or miR-21 and s used to treat
glioblastoma. In certain embodiments, the protein or oligonucleotide reduces the expression of
miR-155 and/or miR-17-92 and 1s used to treat lymphoma (e g., Burkitt's lymphoma, diffuse
large B cell lymphoma, marginal zone lymphoma, or chronic lymphocytic leukemia). In some

embodiments, the protein or oligonucleotide reduces the expression of nuR-221, miR-222,
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and/or miR-146 and 18 used ito treat thyroid cancer. In some embodiments, the protein or
oligonucleotide reduces the expression of miR-372 and/or miR-373 and 15 used to treat testicular
cancer {e.g., testicular germ cell tumors}. In some embodiments, the protemn or oligonucleotide
reduces the expression of miR-18 and/or nuR-224 and 1s used to treat liver cancer (e.g,
hepatocellular carcinomay.

[00132] In some embodiments, a recombinant viral vector described herein may be
used to degrade the tumor extracetlular matrix (ECM), which in some aspects leads to enhanced
viral spread. Matrix metalloproteinases (MMPs) are zinc-dependent proteases that are classified,
based on their activity, nto collagenases, gelatinases, stromelysins and matrilysins. These
proteases are generally secreted as pro-enzymes (zymogens) and are activated by proteolytic
removal of the pro-peptide pro-domain. The primary role that MMPs play in cancer 15 in the
degradation of the ECM, which faciltates tumor mvasion and metastasis. MMPs are also
mnvolved 1o tumor progression, eptthehial to mesenchymal transition (EMT), and angiogenesis.
MMPs are regulated by muRNAs as well as TIMPs, which comprise a family of four protease
intubitors (TIMP1, TIMP2, TIMP3, and TIMP4). A broad array of tumor microenvironments can
be degraded by disrupting muRNAs or TIMPs that negatively regulate the MMP family with the
recombinant viral vectors of the mvention. Examples of miRNA/MMP interactions are shown n
Table 5. Many of these interactions show that multiple MMPs are regulated by a single miRNA:
e.g. let-7 regulates MMP-2, MMP-9, and MMP-14; miR-143 regulates MMP-2, MMP-9, and
MMP-13; miR-218 regulates MMP-2, MMP-7, and MMP-9. Furthermore, the vast majority of
MMPs may be regulated by a single TIMP master switch: e.g. TIMP1 1s known to inhibit most
all of the known MMPs and also promaotes cell proliferation in a wide range of cell types; TIMP2
mteracts with MMP-14 and MMP-2.

[60133] In some embodiments, a recombinant oncolyiic virus comprises at least
one polynucleotide encoding a protein or an oligonucleotide that reduces the expression or
function of an miRNA that is a microenvironment remodeling miRNA (e g., one or more of the
miRNAs listed in Table 5). In some embodiments, the protein or oligonucleotide reduces the
expression or function of one microenvironment remodeling miRNA. In some embodiments, the
protein or oligonucleotide reduces the expression or function of atleast 2,3, 4, 5,6, 7,8, 9, or 10
or more microenvironment remodeling miRNAs. In some embodiments, the recombinant

oncolvtic virus comprises a plurality of polynucleotides encoding a plurality of protein or
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oligonucleotides that reduce the expression or function of a plurality of microenvironment
remodeling miRNAs. In some embodiments, strategies described herein may be utilized by
recombinant viral vectors of the present mvention to knockdown or disrupt expression or
function of miRNAs or TIMPs which negatively regulate MMPs. In some embodiments, a
recombinant oncolytic virus reduces the expression of a TIMP selected from TIMP1, TIMPZ,
TIMP3 and TIMP4,

{00134} in some embodiments, the recombmant oncolytic viruses described herein
comprise at least one polynucleotide encoding a protein or an oligonucleotide that reduces the
expression or function of a gene. In some aspects, the gene is an oncogenic gene (e.g., a gene
selected from the genes listed in Table 7). In some aspects, the gene encodes an oncogenic nuR
(e.g., a miRNA listed in Table 4), a microenvironment remodeling miR (e.g., a nuRNA listed in
Table S), or a negative regulator of ECM-degradation (e.g, a TIMP). Reduction of gene
expression and/or function may be accomplished by at the level of transcription {e.g., mutating,
deleting, or silencing the genomic DNA sequence) or at the level of translation (e.g., by
mhibiting the production of the gene product through mRNA degradation) In some
embodiments, the recombinant oncolytic viruses described herem comprise one or more
polynucleotides that encode for nucleases that reduce the expression or function of a gene by
enabling the mutation, deletion, or repression of transcription of a gene sequence. In specific
embodiments, the nuclease 18 selected from a Clustered Regulatory Interspaced Short
Palindromic Repeats (CRISPR}-associated endonuclease, a zinc-finger nuclease (ZFN) or a
Transcription activator-like effector nuclease (TALEN). In non-limiting examples, a CRISPR-
associated endonuclease is selected from SpCas®, SpCas9-HF1, SpCas9-HF2, Splas9-HF3,
SpCas9-HF4, SaCas9, FnCpf, FnCas9, eSplas9, C2C1, €203, Cpfl, Casl, CasiB, Cas2, Cas3,
Casd, Cas5, Cas6, Cas7, Cas8, Cas? (also known as Csnl and Csx12), Casl0, Csyi, Csy2, Csy3,
Csel, Cse2, Cscl, Csc2, Csas, Csn2, Csm2, Csm3, Csmd, CsmS, Csmd, Cmrl, Cnu3, Cmrd,
CrrS, Cmrd, Csbl, Csb2, Csb3, Csxl7, CUsxl4, Csx10, Csxl6, CsaX, Csx3, Csxl, Csxl5, Csfl,
(Csf2, Csf3, and Cst4.

{00135] Recombinant viral vectors of the invention may utilize the CRISPR
{Clustered Regularly Interspaced Short Palindromic Repeats)/Cas (CRISPR Associated) nuclease
system, which is an engineered nuclease system based on a bacterial system that can be used for

mammalian genome engineering.  Generally, the system comprises a Cas nuclease and a guide
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RNA {(gRNA)}. The gRNA 1s comprised of two parts; a crispr-RNA {crRNA) that s specific fora
target genomic DNA sequence, and a tracr RNA (trRNA) that facilitates Cas binding. The
crRINA and trRNA may be present as separate RNA oligonuclestides, or may be present in the
same RNA oligonucleotide, referred to as a single gumide-RNA (sgRNA). As used heremn, the
term “guide RNA” or “gRNA” refers to either the combination of an individual tr'RNA and an
mdividual crRNA or an sgRNA. See, e.g., Jinek ef al (2012) Science 337:816-821; Cong ef al.
(2013} Science 339:819-823; Mali er af. (2013} Science 339:823-826; Q1 et al. (2013) Cell
152:1173-1183; Jinek erf al. {2013), elife 2:e00471; David Segal (2013} elife 2:e00563; Ran e
al. (2013} Nature Protocols 8(11):2281-2308; Fetsche et al. (2015 Cell 163(3):759-771, PCT
Publication Nos. WO 2007/025097, WO 2008/021207, WO 2010/0611961, WO 2010/054108,
WO 2010/054154, WO 2012/054726, WO 2012/149470, WO 2012/164565, WO 2013/098244,
WO 2013/126794, WO 2013/141680, and WO 2013/142578; UK. Patent Publication Nos. 2010-
0093617, 2013-0011828, 2010-0257638, 2010-0076057, 2011-0217739, 2011-0300538, 2013-
0288251, and 2012-0277120; and UK. Patent No. 8,546,553, each of which s incorporated
herein by reference n its entirety.

[60136] Multiple class 1 CRISPR-Cas systems, which include the type T and type
{1 systems, have been dentified and functionally characterized in detail, revealing the complex
architecture and dynamics of the effector complexes (Brouns ef of., 2008, Marraffini and
Sontheimer, 2008, Hale ef af., 2009, Sinkunas ef af., 2013, Jackson ef al., 2014, Mulepatt ef /.,
2014} In addition, several class 2-type I CRISPR-Cas systems that employ homologous RNA-
cuided endonucleases of the (as9 family as effectors have also been identified and
experimentally characterized (Barrangou et al, 2007, Garngau ef a/, 2010, Delicheva ef al.,
2011, Sapranauskas er al., 2011, Jinek er ¢f., 2012, Gasiunas ef al., 2012} A second, putative
class 2-type V CRISPR-Cas system has been recently identified in several bacterial genomes.
The putative type V CRISPR-Cas systems contain a large, ~1,300 aming acid protein called
Cpfl (CRISPR from Prevotella and Francisella 1).

[80137] In some embodiments, an oncolytic virus described herein further
comprises at least one polynuclectide encoding a ttRNA and ¢rRNA targeted to the miRNA or
the TIMP. In some cases, the at least one polynuclectide encoding a trtRNA and crRNA is
inserted into a locus on the viral genome. In some embodiments, the polynucleotide is an

msulated sequence comprising a synthetic insulator or a native viral {e.g., HSV) insulator. In

40



WO 2017/132552 PCT/US2017/015417

certain embodiments, an oncolvtic virus 15 a herpes simplex virus and the at least one
polynucleotide encoding an RNA binding site is inserted into or between one or more loct
mcluding the internal repeat joint region {comprising one copy each of the diploid genes ICPO,
ICP34.5, LAT, ICP4, and the ICP47 promoter), ICPO, LAT, UL, ULS, UL6, UL7, ULS, ULY,
UL11, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL2S, UL26, UL26.5, UL27,
UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL3S, UL36, UL37, UL38, UL3%, UL40,
ULA42, UL48, UL49, UL52, UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3,
US4, USS, USo, US7, USE, US9, US10, US1L, and US12. In one embodiment, an oncolytic
virus is a herpes simplex virus (HSV) and the at least one polynucleotide encoding an RNA
binding site 15 inserted into a locus between the UL3 and the UL4 open reading frames {e.g.,
FIG. 45 and FIG. 46).

{00138] In some embodiments, the recombinant oncolytic virus comprises at least
one polynucleotide encoding a protein that 15 a bispecific T-cell engager (BiTE), an anti-
Immunosuppressive  protein, or an unmunogenic antigen. As used herein an  “anti-
mumunosuppressive proteint” 18 a protemn that inhibits an immunosuppressive pathway. The
mvention encompasses an oncolytic virus expressing an anti-mmmunosuppressive protein that i
an anti-regulatory T-cell (Treg) proten or an anti-myeloid-derived suppressor cell (MDSC)
protein. In some embodiments, the anti-immunosuppressive protein 1s a VHH-derived blocker or
a VHH-derived BiTE. As used heren, an “immunogenic antigen” refers to a protein that
increases an inflammatory or immunogenic immune response. In particular embodiments, the
anti-immunosuppressive and immunogenic antigens induce an anii-tumor 1IMMUnE response.
Examples of such proteins include antibody or antigen binding fragments thereof that bind to and
inhibit immune checkpoint receptors (e.g. CTLA4, LAG3, PD1, PDLI, and others}, pro-
mflammatory cytokines {e.g., IFNy, IFNqg, IFNB, TNFg, 1L-12, IL-2, 11-6, IL.-8 GM-CSF, and
others), or proteins that binding to and activate an activating receptor {e.g., FcyRl, Feylla,
Fevlila, costimulatory receptors, and others). In particular embodiments, the protein is selected
from EpCAM, folate, IFN, anti-CTLA-4, anti-PD1, A2A, anti-FGF2, anti-FGFR/FGFR2b, anti-
SEMA4D, CCLS, CD137, CD200, CD38, (D44, CSF-1R, CXCL10, CXCL13, endothelin B
Receptor, 1L-12, 1L-15, TL-2, TL-21, IL-35, ISRE7, LFA-1, NG2 (also known as SPEG4),
SMADs, STING, TGFB, and VCAMI.

41



WO 2017/132552 PCT/US2017/015417

{60139] In certain embodiments, a polynucleotide encoding a protein or an
oligonucleotide targeted to reduce expression of an miRNA, a gene, or a TIMP 15 inserted into a
locus on the viral genome of a recombinant oncolytic virus. In some embodiments, the
polynucleotide is an insulated sequence comprising a synthetic msulator or a native viral (e.g,
HSV) insulator. In certain embodiments, the oncolytic virus s a herpes simplex virus and the at
least one polynucleotide encoding an RNA binding site is inserted into or between one or more
ioct including the internal repeat joint region {comprising one copy each of the diploid genes
ICPO, ICP34.5, LAT, ICP4, and the ICP47 promoter), ICPO, LAT, UL1, ULS, UL6, UL7, ULS,
ULY, UL11, UL12, UL14, ULI5, UL17, UL18 ULI9, UL20, UL22, UL25, UL26, UL26.5,
UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39,
UL40, UL42, UL48, UL49, ULS52, ULS53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-
34.5, US3, US4, USS, USe, US7, USK, USY, US10, US1I, and US12.. In one embodiment, the
virus 1s a herpes sunplex virus (HSV}) and the at least one polynucleotide 1s mserted into a locus
between the UL3 and the UL4 open reading frames (see, e.g., FIG. 45 and FIG. 46},

[B60140] In some embodiments, the recombinant oncolytic virus comprises at least
one protease-activated antibody. Protease-activated antibodies, such as those described by Metz
et al. (Protein Eng Des Sel, 25(10):571-80, 2012) are activated and bind only to targets following
protease cleavage of a protective cap. In some instances, tumor microenvironments possess an
array of proteases that are well differentiated from surrounding healthy tissues. For example, the
protease cathepsin B is overexpressed in numerous cancers, including breast, cervix, colon,
colorectal, gastric, head and neck, liver, lung, melanoma, ovarian, pancreatic, prostate, and
thyroid cancer. The human degradome, comprised of a complete list of proteases synthesized by
human cells, 1s made up of at least 569 proteases that are distributed into five broad classes (in
order from greatest to least number): metalloproteinases (MMPs), serine, cysteine, threonine, and
aspartic proteases {Lopez-Otin et al., Nat Rev Cancer, 7{10):800-8, 2007). In particular, protease
antibodies specifically cleaved by MMPs can serve as an excellent means of targeting the
recombinant viral vectors described herein to the tumor microenvironment, as MMPs are found
in the extracellular and periceliular areas of the cell Table ¢ summarizes proteases that are
overexpressed in cancers which can be exploited to enable specific binding of recombinant viral

vectors pseudotyped with protease-activated antibodies.
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{00141} In certain embodiments, the protease-activated antibody is incorporated
mto the viral glycoprotein envelope. Protease-activated antibodies can be mcorporated into the
glycoprotein envelope of a recombinant viral vector of the mvention {e.g., an HSV vector) to
increase the therapeutic index and reduce off-target infection. In the case of an HSV vector, in
some embodiments, the glyvcoprotein may be gC or ¢bb. In some embodiments, the recombinant
oncolytic viruses described herein comprise at least one polynucleotide encoding a protease-
activated antibody. In certain embodiments, a protease-activated antibody 1s activated by a
protease selected from a cysteine cathepsin, an aspartic cathepsin, a kallikrein (hKJ), a serine
protease, a caspase, a matrix metalloproteinase (MMP), and a disintegrin and metalloproteinase
(ADAM). In some embodiments, a protease 1s selected from cathepsin K, cathepsin B, cathepsin
L, cathepsin E, cathepsin D, hK1, PSA (hK3), hK10, hK135, uPA, uPAR, MMP-1, MMP-2,
MMP-3, MMP-7, MMP-8, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13, MMP-14, MMP-
15, MMP-16, MMP-17, MMP-18, MMP-19, MMP-20, MMP-21, MMP-23A, MMP-23B, MMP-
24, MMP-25, MMP-26, MMP-27, MIMP-28, or a protease listed in Table 6.

[00142] In some embodiments, the protease-activated antibody binds a proten
expressed more highly by cancer cells or i cancer microenvironments than by non-cancer cells
of 1 non-cancer microenvironments. In certain aspects, a protease-activated antibody binds
NKG2D, c-met, HGFR, CD8, heparan sulfate, VEPG4 (also known as NG2), EGFR, EGFRVIHL,
CD133, CXCR4, carcimoembryonic antigen (CEA), CLC-3, annexin H, human transferrin
receptor, or EpCAM. In certain instances, multiple protease activated antibodies may be
mcorporated into a single viral vector particle to ensure that diverse tumor histotypes are
targeted. For example, at least 1, 2, 3, 4, 6, 7, 8, 9, 10, or more protease activated antibodies may
be incorporated into the viral glycoprotein envelope. In some embodiments, the recombinant
oncolytic virus comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more polynucleotides that
encodes for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more protease activated antibodies. In some
embodiments, an oncolytic virus comprises a first protease-activated antibody that binds a first
protein expressed more highly by cancer cells or in cancer microenvironments than by non-
cancer cells or in non-cancer microenvironments, and a second protease-activated antibody that
binds a second protein expressed more highly by cancer cells or in cancer microenvironments
than by non-cancer cells or in non-cancer microenvironments. In further embodiments, an

oncolvtic virus comprises a plurality of protease-activated antibodies binding a plurality of
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protein expressed more highly by cancer cells or in cancer microenvironments than by non-
cancer cells or in non-cancer microenvironments. An oncolytic virus comprises, for example, a
protease-activated antibody that is a human antibody, a humanized antibody or a chimeric
antibody. In some embodiments, an oncolytic virus comprises an anttbody that 1s a full-length
inmunoglobulin, an scFv, a Fab, a Fab', an F(ab")2, an Fv, a diabedy, a triabody, a mintbody, a
single-domain antibody, or a multispecific antibody.

{00143] in some embodiments, a recombinant oncolytic virus comprises one or
more of one or more tumor-suppressive micro-RNA (nuR) target sequences inserted into a locus
of one or more viral genes required for viral replication; one or more polynucleotides encoding
one or more proteins or oligonucleotides, wherein the proteins or oligonucieotides reduce the
expression or inhibit the function of a miR, a gene, or a TIMP; at least one protease-activated
antibody; and/or a polvnucleotide encoding at least one protease activated antibody. In some
ernbodiments, a recombinant oncolytic virus comprises: a plurality of copies of one or more
tumor-suppressive miRNA target sequences mnserted mnto a locus of a viral gene required for viral
rephication 1 non-cancerous cells; and/or a first polynucleotide encoding a protein or an
oligonucleotide targeted to reduce expression of an oncogemic miRNA or an oncogenic gene;
and/or a second polynucleotide encoding a protem or an oligonucleotide targeted to reduce
expression of a microenvironment remodeling miRNA or a TIMP. In some embodiments, a
recombinant oncolytic virus comprises: a plurality of copies of one or more tumor-suppressive
miRNA target sequences inserted into a locus of a viral gene required for viral replication in non-
cancerous cells; and/or a polynucleotide encoding a protein or an oligonucleotide targeted to
reduce expression of an oncogenic miRNA or an oncogenic gene, and/or at least one protease-
activated antibody. In further embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences inserted into a locus of a
viral gene required for viral replication in non-cancerous cells; and/or a polynucleotide encoding
a protein or an oligonucleotide targeted to reduce expression of a microenvironment remodeling
miRNA or a TIMP; and/or at least one protease-activated antibody. In one embodiment, a
recombinant oncolytic virus comprises a plurality of copies of one or more tumor-suppressive
miRNA target sequences inserted into a locus of a viral gene required for viral replication in non-
cancerous cells; and/or a first polynucleotide encoding a protein or an oligonucleotide targeted to

reduce expression of an oncogenic miRNA or an oncogenic gene;, and/or a second
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polynuclestide encoding a protein or an oligonucleotide targeted to reduce expression of a
microenvironment remodeling miRNA or a TIMP; and/or at least one protease-activated
antibody. In some specific embodiments, an oncolytic virus described m this paragraph 15 a
herpes stmplex virus and the viral gene required for viral replication in non-cancerous cells is
UL1, UL5, UL6, UL7, UL8, ULY, UL11, UL12, ULi4, UL1S, UL17, UL18, UL19, UL20,
UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35,
UL36, UL37, UL38, UL3%, UL40, UL42, UL48, UL49, UL52, ULS3, UL54. ICPO, 1CP4,
ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, USS, USY, US10, US11, and
Usiz.

[00144] In certain aspects, the mvention relates to a recombinant oncolytic virus
comprising a first polynucleotide encoding a protein or an oligonucleotide targeted to reduce
expression of an oncogenic miRNA or an oncogenic gene; and a second polynucleotide encoding
a protein or an oligonucleotide targeted to reduce expression of a microenvironment remodeling
miRNA or a TIMP. In other emboduments, a recombivant oncolytic virus comprises a
polynucleotide encoding a protein or an oligonucleotide targeted to reduce expression of an
oncogenic nuRNA or an oncogenic gene; and at least one protease-activated antibody. In some
embodiments, a recombinant oncolytic virus comprises a polynucleotide encoding a protein or an
oligonucleotide targeted to reduce expression of a microenvironment remodeling miRNA or a
TIMP; and at least one protease-activated antibody. In one embodiment, a recombinant
oncolytic virus comprises a first polynucleotide encoding a protein or an oligonucleotide targeted
to reduce expression of an oncogenic miRNA or an oncogenic gene, and/or a second
polynuclestide encoding a protein or an oligonucleotide targeted to reduce expression of a
microenvironment remodeling miRNA or a TIMP; and/or at least one protease-activated
antibody.

{00145] In certain embodiments, an oncolytic virus described heremm is a
herpesvirus (for example, herpes simplex virus {e.g., HSV-1 or HSV-2}}, an adenovirus, a polio
virus, a vaccinia virus, a measles virus, a vesicular stomatitis virus, an orthomyxovirus, a
parvovirus, a maraba virus or a coxsackievirus. HSV-based vectors and methods for their
construction are described in, for example, US. Pat Nos. 7,078,029, 6,261,552, 5,998,174,
5,879,034, 5,849,572, 5,849,571, 5,837,532, 5,804,413, and 5,658,724, and International Patent
Applications WO 21/02788, WO 96/04394, WO 98/15637, and WO 99/06583, which are
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mcorporated herein by reference in their entireties. The sequence of HSV 15 published (NCBI
Accession No. NC 001806; see also McGoech et al, J Gen. Virol, 69 (PT 7), 1531-1574
(1988}}, which may factlitate designing HSV-based vectors of the invention.

[{00146] The invention also encompasses a nucleic acid molecule encoding an

oncolytic virus described herein.

Compositions and Methods of Use

{00147] Certain aspects of the imvention relate to stocks and compositions
comprising the oncolytic viruses described hergin. In some aspects, the mvention relates to a
viral stock comprising an oncolytic viras described heremn. In some embodiments, a viral stock
18 a homogeneous stock. The preparation and analysis of viral stocks is well known in the art.
For example, a viral stock can be manufactured in roller bottles containing cells transduced with
the viral vector. The viral stock can then be purified on a continuous nycodenze gradient, and
aliquotted and stored until needed. Viral stocks vary considerably in titer, depending largely on
viral genotype and the protocol and cell lines used to prepare them.

{00148] In particular embodiments, the titer of a viral stock (e.g., an HSV-based
vector viral stock) contemplated herein is at least about 10° plague-forming units {pfu), such as at
least about 10° pfu or even more preferably at least about 107 pfu. In certain embodiments, the
titer can be at least about 10° pfu, or at least about 10” pfu, and high titer stocks of at least about
10" pfu or at least about 10" pfu are most preferred.

[00149] The invention further conternplates a composition comprising an oncolytic
virus or a nucleic acid molecule described herein and a pharmaceutically acceptable carrier. The
phrase “pharmaceutically-acceptable” refers to molecular entities and compositions that do not
produce an allergic or similar untoward reaction when administered to a subject {e.g., a human}.
The term “composition” as used herein refers to a formulation of one or more oncolytic virus or
a nucleic acid molecules described herein that 1s capable of being administered or delivered to a
subject and/or a cell. Typically, formulations include all physioclogically acceptable compositions
including derivatives and/or prodrugs, solvates, stereoisomers, racemates, or tautomers thereof
with any physiologically acceptable carriers, diluents, and/or excipients. A “‘therapeutic

compostiion” or “pharmaceutical composition” (used mnterchangeably herein) is a composition of
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one or more agents capable of 18 capable of being admunistered or delivered to a patient and/or
subject and/or cell for the treatment of a particular disease or disorder.

{80156] The compositions disclosed hergin may be formulated in a neutral or salt
form.  “Pharmaceutically acceptable salt” includes both acid and base addition salts.
Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and
organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid, adipic acid, alginic
acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-acetamudobenzoic acid,
camphoric acid, camphor-10-sulfonic acid, capric acid, caproic acid, caprylic acid, carbonic acid,
cinnanic acud, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulforuc acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid, galactaric acid,
gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid, glutarmie acid, glutaric acid, 2-
oxo-glutaric acid, glycerophosphoric acid, glycolic acid, hippuric acid, 1sobutyric acid, lactic
acid, lactobionic acid, lauric acid, maleic acid, malic acid, malonic acid, mandelic acid,
methanesuifonic acid, mucic acid, naphthalene-1,5-disulforue acid, naphthalene-2-sulfomc acid,
1-hydroxy-2Z-naphthoic acid, nicotinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid,
pamoic acid, propionic acid, pyroglutamic acid, pyruvic acid, salicvlic acid, 4-aminosalicylic
acid, sebacic acid, stearic acid, succinic acid, tartaric acid, thiocyanic acid, ptoluenesulfonic acid,
trifluorcacetic acid, undecvlenic acid, and the hike. Salts formed with the free carboxyl groups
can also be derived from inorganic bases such as, for example, sodium, potassium, hithiom,
ammonium, calcium, magnesium, 1ron, zinc, copper, manganese, aluminum salts and the hike.
Salts derived from organic bases include, but are not limited to, salts of primary, secondary, and
tertiary amines, substituted amines including naturally occurring substituted amines, cyclic
amines and basic ion exchange resins, such as ammomnia, isopropylamine, trimethylamine,
diethylamine, triethylamine, tripropylamine, diethanolamine, ethanolamine, deanol, 2-
dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine,
caffeine, procaine, hydrabamine, choline, betaine, benethamine, benzathine ethylenediamine,
clucosamine, methylglucamine, theobromine, triethanolamine, tromethamine, purines,
piperazine, piperidine, N-ethyipiperidine, polyamine resins and the like. Particularly preferred

organic  bases are isopropyvlamine, diethylamine, ethanolamine, trimethylamine,
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dicyclohexylamine, choline and caffeine. Upon formulation, solutions will be administered in a
manner compatible with the dosage formulation and 1in such amount as is therapeutically
effecive. The formulations are easily administered in a variety of dosage forms such as
mjectable solutions, drug-release capsules, and the like.

{00151 As used herein, “carrier” includes any and all solvents, dispersion media,
vehicles, coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media and
agents for pharmaceutical active substances s well known in the art. Except mnsofar as any
conventional media or agent 1s mcompatible with the active ingredient, its use in the therapeutic
composttions 15 contemplated.  Supplementary active ingredients can also be incorporated mto
the compositions.

[00152] As used herein “pharmaceutically acceptable carrier” includes without
bimitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent, preservative,
dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent, suspending agent,
stabilizer, 1sotonic agent, solvent, surfactant, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like that are physiologically
compatible, mcluding pharmaceutically acceptable cell culture media and/or emulsifier which
has been approved by the United States Food and Drug Administration as being acceptable for
use in humans and/or domestic ammals.  Exemplary pharmaceutically acceptable carriers
include, but are not himited to, to sugars, such as lactose, glucose and sucrose; starches, such as
corn starch and potato starch; cellulose, and its derivatives, such as sodium carboxymethyl
celiulose, ethyl cellulose and cellulose acetate; tragacanth; malt; gelatin; talc; cocoa butter,
waxes, animal and vegetable fats, paraffing, silicones, bentonites, silicic acid, zinc oxide; oils,
such as peanut oil, cottonseed oil, safflower otl, sesame o1l, olive oil, corn o1l and soybean oil;
elycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene
glycol; esters, such as ethyl oleate and ethy! laurate; agar; buffering agents, such as magnesium
hydroxide and aluminum hydroxide; alginic acid; pyrogen- free water; sotonic saline; Ringer's
solution; ethyl alcohol; phosphate buffer solutions; and any other compatible substances
emploved in pharmaceutical formulations. Except msofar as any conventional media and/or

agent 15 incompatible with the agents of the present disclosure, its use in therapeutic
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compostiions 15 contemplated. Supplementary active ingredients also can be mcorporated mto
the compositions.

{860153] Wetting agents, emulsifiers and lubricants, such as sodivm lauryl sulfate
and magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,
flavoring and perfuming agents, preservatives and antioxidants can also be present in the
COMPOSItIons.

{00154] Examples of pharmaceutically-acceptable antioxidants include: (1} water
soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) ol-soluble antioxidants, such as ascorbyl palmutate,
butylated hydroxyamsole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate,
alpha-tocopherol, and the Iike; and (3) metal chelating agents, such as citric acid,
ethvlenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

[00155] In one embodiment, a composition comprising a carrier 15 suitable for
parenteral admunistration, e.g., intravascular (intravenous or intraarterial), intraperitoneal or
mtramuscular administration.  Pharmaceutically acceptable carners include sterile aqueous
solutions or dispersions and sterile powders for the extemporanecus preparation of sterile
myectable solutions or dispersion. The use of such media and agents for pharmaceutically active
substances s well known in the art. Except insofar as any conventional media or agent is
mcompatible with a viral vector or nucleic acid molecule, use thereof in the pharmaceutical
compositions of the mvention 1s contemplated.

{00156] The compositions of the invention may comprise one o©f more
polypeptides, polynucleotides, vectors comprising same, infected cells, etc., as described herein,
formulated in pharmaceutically-acceptable or physiologically-acceptable solutions for
administration t0 a cell or an animal, either alone, or in combination with one or more other
modalities of therapy. It will also be understood that, if desired, the compositions of the
mnvention may be administered in combination with other agents as well, such as, e.g., cytokines,
erowth factors, hormones, small molecules or various pharmaceutically-active agents. There is
virtually no limit to other components that may also be included in the compositions, provided
that the additional agents do not adversely affect the ability of the composition to deliver the

intended therapy.
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{860157] In the pharmaceutical compositions of the mvention, formulation of
pharmaceutically-acceptable excipients and carrier solutions 1s well-known to those of skill in
the art, as is the development of suitable dosing and treatment regimens for using the particular
compositions described herein in a variety of treatment regimens. Upon formulation, solutions
are admirnustered in a manner compatible with the dosage formulation and in such amount as is
therapeutically effective to result in an improvement or remediation of the symptoms. The
formulations are easily administered in a variety of dosage forms such as ingestible solutions,
drug release capsules and the like. Some varation in dosage can occur depending on the
condition of the subject being treated. The person responsible for admirustration can, i any
event, determine the appropriate dose for the individual subject. Moreover, for human
admunistration, preparations meet sterility, general safety and purity standards as required by
FDA Center for Biologics Evaluation and Research standards. The route of administration will
vary, naturally, with the location and nature of the disease being treated, and may include, for
example intradermal, transdermal, subdermal, parenteral, nasal, intravenous, mtramuscular,
mtranasal, subcutaneous, percutaneous, intratracheal, intraperitoneal, intratumoral, perfusion,
lavage, direct injection, and oral admunistration.

[B0158] In certain circumstances 1t will be desirable to deliver the compositions,
recombinant viral vectors, and nucleic acid molecules disclosed herein parenterally,
mtravenously, itramuscularly, or even intraperttoneally as described, for example, n U.S
Patent No. 5,543,158, U.S. Patent No. 5,641,515 and U.S. Patent No. 5399363 {each
spectfically mcorporated herein by reference in its entirety). Solutions of the active compounds
as free base or pharmacologically acceptable salts may be prepared in water suitably mixed with
a surfactant, such as hydroxypropylcellulose. Dispersions may also be prepared in glycerol,
liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of
storage and use, these preparations contain a preservative to prevent the growth of
MICroOTZanisms.

[00159] The pharmaceutical forms swuitable for injectable use include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of
sterife injectable solutions or dispersions (U.S. Pat. No. 5,466,468, specifically incorporated
herein by reference in its entirety). In all cases the form should be sterile and should be fluid to

the extent that easy syringability exists. It should be stable under the conditions of manufacture
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and storage and should be preserved against the contaminating action of microorganisms, such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the
like), suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the maintenance of the required particle
size i the case of dispersion and by the use of surfactants. The prevention of the action of
microorganisms can be facilitated by various antibacterial and antifungal agents, for example,
parabenes, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged
absorption of the mjectable compositions can be brought about by the use in the compositions of
agents delaying absorption, for example, aluminum monostearate and gelatin. The preparation of
an agueous composition that contains a protein as an active ingredient 15 well understood n the
art. Typically, such compositions are prepared as inyectables, either as lLiquid solutions or
suspenstons; solid forms suitable for solution in, or suspension in, hiquid prior to 1njection can
also be prepared. The preparation can also be emulsified.

{60160} For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if necessary and the liquid difuent first rendered isotonic
with sufficient saline or glucose. These particular agueous solutions are especially suitable for
mtravenous, intramuscular, subcutaneous and ntraperitoneal administration. In this connection,
a sterile agueous medium that can be employed will be known to those of skill in the art in hight
of the present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic Na('l
solution and either added to 1000 ml of hypodermochysis fluid or injected at the proposed site of
infusion (see, e.g., Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore,
MD: Lippincott Williams & Wilkins, 2000). Some vanation in dosage will necessarily occur
depending on the condition of the subject being treated.  The person responsible for
administration will, in any event, determine the appropriate dose for the individual subject.
Moreover, for human administration, preparations should meet sterility, pyrogenicity, and the
general safety and purity standards as required by FDA Office of Biologics standards.

{60161} Sterile injectable solutions can be prepared by incorporating the active
compounds in the required amount in the appropriate solvent with the various other ingredients

enumerated above, as required, followed by filtered sterilization.  Generally, dispersions are



WO 2017/132552 PCT/US2017/015417

prepared by incorporating the various sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other ingredients from those enumerated
above. In the case of sterile powders for the preparation of sterile injectable solutions, the
preferred methods of preparation are vacuum-drying and freeze-drying techniques which yield a
powder of the active ingredient plus any additional desired ingredient from a previously sterile-

filtered solution thereof.

{00162} In certain embodiments, the composttions may be delivered by intranasal
sprays, inhalation, and/or other aerosol delivery vehicles. Methods for delivering

polynucieotides and peptide compositions directly to the lungs via nasal aerosol spravs has been
described e.g, 1 US. Pat No. 5,756,353 and US. Pat No. 5,804,212 (each specifically
incorporated herein by reference in its entirety). Likewise, the delivery of drugs using intranasal
microparticle resins (Takenaga er ¢/, 1998) and lysophosphatidyl-glycerol compounds (U.S. Pat.
No. 5,725,871, specifically incorporated herein by reference n its entirety) are also well-known
in the pharmaceutical arts.  Likewise, transmucosal drug delivery m the form of a
polytetrafluoroetheylene support matrix 15 described i U.S. Pat. No. 5,780,045 {specifically
incorporated herein by reference in its entirety).

[B80163] In certain embodiments, the delivery may occur by use of hiposomes,
nanocapsules, microparticles, microspheres, hpid particles, vesicles, optionally mixing with CPP
polypeptides, and the like, for the introduction of the compositions of the present imvention nto
suitable host cells. In particular, the compositions of the present invention may be formulated
for delivery either encapsulated m a lipid particle, a liposome, a vesicle, a nanosphere, a
nanoparticle or the like. The formulation and use of such delivery vehicles can be carried out
using known and conventional techniques. The formulations and compositions of the invention
may comprise one or more polypeptides, polynucleotides, and small molecules, as described
herein, formulated in pharmaceutically-acceptable or physiologically-acceptable solutions (e.g.,
culture medium) for administration to a cell or an animal, either alone, or in combination with
one or more other modalities of therapy. It will also be understood that, if desired, the
compositions of the invention may be administered in combination with other agents as well,

such as, e.g., cells, other proteins or polypeptides or various pharmaceutically-active agents.
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[80164] In a particular embodiment, a formulation or composition according to the
present invention comprises a cell contacted with a combiation of any nuomber of
polvnuciestides or viral vectors, as contemplated herein.

{00165] In certain aspects, the present invention provides formulations or
compositions suitable for the delivery of viral vector systems.

[00166] Exemplary formulations for ex vivo delivery may also include the use of
various transfection agents known in the art, such as calcium phosphate, electroporation, heat
shock and various liposome formulations (7.e., hpid-mediated transfection). Liposomes are lipid
bilayers entrapping a fraction of aqueous fluid. DNA spontaneously associates to the external
surface of cationic liposomes (by virtue of its charge) and these liposomes will interact with the
cell membrane.

[00167] Particular embodiments of the invention may comprise other formulations,
such as those that are well known in the pharmaceutical art, and are described, for exarple, n
Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore, MIJ: Lippincott
Witliams & Wilkins, 2000

[00168] In certain aspects, the present mvention provides pharmaceutically
acceptable composttions which comprise a therapeutically effective amount of one or more viral
vectors or polynucleotides, as described herein, formulated together with one or more
pharmaceutically acceptable carriers (additives) and/or diluents (e.g., pharmaceutically
acceptable cell colture medium). As used herein, a “therapeutically effective amount” refers to
the amount of a composition or recombinant virus described herein required to achieve a desired
physiologic and/or biological outcome. A “therapeutically effective amount” of a virus, a viral
stock, or a composition may vary according to factors such as the disease state, age, sex, and
weight of the individual, and the ability of the stem and progenitor cells to elicit a desired
response in the mdividual. A therapeutically effective amount is also one in which any toxic or
detrimental effects of the virus or transduced therapeutic cells are outweighed by the
therapeutically beneficial effects. The term “therapeutically effective amount” includes an
amount that is effective to “treat” a subject {e.g., a patient). The therapeutically effective amount
may be quantified by the total number of plague forming units (pfu) (e.g. at least le' to at least
1%, particularly about 1e to about 1e", more particularly about 1e” to about 1e' pfu), or

v 1l 2 : g4 (15
number of viral genomes {e.g. at least Ie to at least le™, particularly about le” to about fe™,
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more particularly about 1e° to about e’ viral genomes). One of skill in the art will understand
that the therapeutically effective amount will vary based on the type of virus being administered,
nature of the formulation, route of administration, nature and/or severity of the disease to be
treated, and/or general health and well-being of the subject.

{00169] Some aspects of the invention encompass a method of killing a cancerous
cell, comprising exposing the cancerous cell to an oncolytic virus described herein or
compositions thereof under conditions sufficient for the oncolytic virus to infect and replicate
within satd cancerous cell, and wherein replication of the oncolytic virus within the cancerous
cell results in cell death. In certain embodiments, the cancerous cell has a reduced expression of
a tumor-suppressive miR compared to a non-cancerous cell. In some embodiments, a cancerous
cell kidled by thus method is i# vive. In certain embodiments, a cancerous cell killed by this
method s within a tumor,

[60176] The mvention relates to a method of treating cancer in a subject 10 need
thereof, comprising admunstering a prophylactically effective amount or a therapeutically
effective amount of an oncolytic virus, a viral stock, or a composition as described herein to the
subject. A “subject” as used herein, includes any anwmal that exhibits a symptom of a disease,
disorder, or condition that can be treated with the recombinant viral vectors, compositions, and
methods disclosed herein. Suitable subjects {(e.g, patients) include laboratory anmmals (such as
mouse, rat, rabbit, or guinea pig), farm animals {such as horse or cow}, and domestic animals or
pets {such as cat or dog). Non-human primates and, preferably, human patients, are included.

[00171] “Administration” refers herein to introducing an oncolytic virus, a viral
stock, or a composition thereof into a subject or contacting an oncolytic virus, a viral stock, or a
composition thereof with a cell and/or tissue. Administration can occur by injection, irrigation,
inhalation, consumption, electro-osmosts, hemodialysis, iontophorests, and other methods known
in the art. The route of admimistration will vary, naturally, with the location and nature of the
disease being treated, and may include, for example auricular, buccal, conjunctival, cutaneous,
dental, endocervical, endosinusial, endotracheal, enteral, epidural, interstitial, intra-articular,
intra-arterial,  intra-abdominal, intraauricular, intrabiliary, intrabronchial,  intrabursal,
mtracavernous, intracerebral, intracisternal, intracorneal, intracronal, intracoronary, intracranial,
mtradermal, intradiscal, intraductal, intraduodenal, intraduodenal, intradural, intraepicardial,

intraepidermal, intraesophageal, intragastric, intragingival, intrahepatic, intraileal, intralesional,
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miralingual, intraluminal, intralymphatic, intramammary, intramedulleray, intrameningeal,
mstramuscular, intranasal, intranodal, intraccular, intraomentum, intragvanian, imtraperitoneal,
mtrapericardial, intrapleural, intraprostatic, intrapulmonary, intraruminal, itrasinal, intraspinal,
mtrasynovial, intratendinous, intratesticular, intratracheal, intrathecal, intrathoracic, intratubular,
miratumoral, intratympanic, intrauterine, intraperitoneal, intravascular, intraventricular,
mtravesical, intravestibular, intravenous, intravitreal, larangeal, nasal, nasogastric, oral,
ophthalmic, oropharyngeal, parenteral, percutaneous, pernarticular, peridural, perineural,
peripdontal, respiratory, retrotubular, rectal, spinal, subarachnoid, subconjunctival,
subcutaneous, subdermal, subgingival, sublingual, submucosal, subretinal, topical, transdermal,
transendocardial, transmucosal, transplacental, trantracheal, transtympanic, ureteral, urethral,
and/or vaginal perfusion, lavage, direct injection, and oral admunistration.

[60172] The term "treating" and "treatment” as used herein refers to administering
to a subject a therapeutically effective amount of a recombinant virus or corposition thereof as
described herein so that the subject has an vmprovement in a disease or condition, or a symptom
of the disease or condition. The improvement is any improvement or remediation of the disease
or condition, or symptom of the disease or condition. The improvement s an observable or
measurable improvement, or may be an improvement 1n the general feeling of well-being of the
subject. Thus, one of skill in the art realizes that a treatment may 1mprove the disease condition,
but may not be a complete cure for the disease. A “prophylactically effective amount” refers to
an amount of a virus, a viral stock, or a composition effective to achieve the desired prophylactic
result. As used herein, "prophylaxis” can mean complete prevention of the symptoms of a
disease, a delay in onset of the symptoms of a disease, or a lessenming in the severity of
subsequently developed disease symptoms. Typically, but not necessarily, since a prophylactic
dose is used in subjects prior to or at an earlier stage of disease, the prophylactically effective
amount is less than the therapeutically effective amount.

{00173] *Cancer" herein refers to or describes the physiological condition in
mammals that is typically characterized by unregulated cell growth. Examples of cancer include
but are not hmited to carcinoma, lymphoma, blastoma, sarcoma (including liposarcoma,
osteogenic  sarcoma, angiosarcoma, endotheliosarcoma, leiomyosarcoma, chordoma,
lymphangiosarcoma,  lymphangioendotheliosarcoma,  rhabdomyosarcoma,  fibrosarcoma,

myxosarcoma, chondrosarcoma), neurcendocrine tumors, mesothelioma, synovioma,
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schwannoma, meningioma, adenocarcinoma, melanoma, and leukemia or lymphoid
malignancies. More particular examples of such cancers include squamous cell cancer {e.g.
epithehial squamous cell cancer), lung cancer including small-cell hung cancer, non-small cell
fung cancer, adenocarcinoma of the lung and squamous carcinoma of the lung, small cell lung
carcinoma, cancer of the peritoneum, hepatocellular cancer, gastric or stomach cancer including
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate
cancer, vulvar cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma,
testicular cancer, esophageal cancer, tumors of the biliary tract, Ewing's tumor, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papilary
carcinoma, papitiary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, serminoma,
embryonal carcinoma, Wilms' tumor, testicular tumor, lung carcinoma, bladder carcinoma,
epithehial carcinoma, ghioma, astrocytoma, medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma, oligodendroghoma, memngioma, melanoma,
neuroblastoma, retinoblastoma, leukenua, lymphoma, multiple myeloma, Waldenstrom's
macroglobulinerma, myelodysplastic disease, heavy chain disease, neurcendocrine tumors,
Schwannoma, and other carcinomas, as well as head and neck cancer.

{00174} In certain embodiments, an oncolytic virus {e.g., an HSV), a viral stock, or
a composition as described herein are used to treat a cancer selected from lung cancer {e.g., small
cell lung cancer or non-small cell lung cancer), breast cancer, ovaran cancer, cervical cancer,
prostate cancer, testicular cancer, colorectal cancer, colon cancer, pancreatic cancer, liver cancer
(e.2., hepatocellular carcinoma (HCC)), gastric cancer, head and neck cancer, thyroid cancer,
malignant glioma, ghioblastoma, melanoma, B-cell chronic lymphocytic leukemia, diffuse large
B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL).

[00175] In certain aspects, the mvention relates to an oncolytic viral vector as

shown in any one of the figures or embodiments disclosed herein.

EXAMPLES
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[{860176] The following examples for the purpose of illustrating various
embodiments of the invention and are not meant to hmit the present invention in any fashion.
The present examples, along with the methods described herein, are exemplary, and are not
mtended as himitations on the scope of the imvention. Alterations, modifications, and other
changes to the described embodiments which are encompassed within the spirit of the invention

as defined by the scope of the claims are specifically contemplated.

Fxample 1- miR Sequence Analysis of Normal and Malisnant Cells

[00177] Differential nuR expression is a hallmark of many cancers (Lu et al,
Nature, 2005). Experiments were performed to determine the miRs that were mostly highly
differentially expressed i eight different cancer cells lines. Differential expression was
determined by comparisons to non-cancerous control tfissues. In total, 108 samples were

sequenced. Sample details are provided in the following table.

Cancer Type # of Cancer Cell Lines # of Control Tissue Samples
Bladder 8 4
Colon 8 3
Breast 12 4
Pancreatic 7 3
Lung 8 5
Head and Neck 6 6
Schwannoma 7 4%
Ghioblastoma 14 4%
Additional Controls

Normal Liver 3

Normal Bone Marrow 3

*Same controf samples used for both Schwannorma and ghioblastoma analysis

{00178] To facilitate the identification of appropriate miRNA target sequences
suttable for HSV atienuation in select cell types, muRNA sequence profiling of cancer lines and
non-cancer control tissue was performed. Sequencing hibraries of dicer-processed RNAs were
generated for cancer and non-cancer cells, including bladder, colon, breast, pancreas, lung, head
and neck, schwannoma, glioblastoma, brain, hiver, and bone marrow. These miRNA sequencing
Iibraries were normalized to total RNA, and sequenced using a HiSeq 2500 ultra-high throughput
sequencing system with HiSeq V4 chemistry reagents for sequencing reads up to 3e® reads/run
(Illumina). FASTQ files from sequencing runs were analyzed using the miRNAs Analysis tool in

Basespace (lllumina). Rankings were made by calculating the mean of normal, the mean of
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cancer and sorting the ratio of normal/cancer from high to low. Heat maps were generated with
natural logarithmic values with zero and negative valugs converted to zero {scale: black 1s high,
white is fow expression). Normalized data across samples were expressed as normalized miRNA
read counts in a given sample. Normalization s related to total number of reads in a given
sample relative to other samples in the comparison.

{60179] FIG 1 exemplifies the nuRNA expression profile heat map in non-
cancerous and cancerous brain tissue of twenty-five miRNAs. Additional examples of miRNA
expression profile heat maps are shown for non-cancerous and cancerous bladder (FIG. 2), breast
(FIG. 3), colon (FIG. 4}, brain (FIG. 5), head and neck (FIG. 6), lung (F1G. 7}, pancreas (FIG. 8),
and schwannoma (FIG. 9) tissue corresponding to twenty-five miRNAs in each example. FIG. 10
shows that miR-451a levels are down regulated in all tumor types compared to non-cancerous
tissue, representing a pan-tumor suppressor miRNA. FIG. 11 shows that muiR-1 1s down-
regulated 1 all tumor types tested, present at moderate levels in non-cancerous tissue, and
present at high levels in head and neck tissue. FIG. 12 shows that miR-559 15 down-regulated in
all tumor types tested, present generally at low levels m non-cancerous tissue, and present at high
levels in non-cancerous lung tissue. FIG. 13 shows that miR-145-5p 15 down-regulated in all
tumor types tested and present generally at high levels in the majority of non-cancerous tissue
types tested. FIG. 14 shows that miR-143-3p 15 down-regulated in colon, lung, and pancreatic
tumors, and 1s present at high levels i all normal tissue types and some breast tumor lings.
miRNA data analysis revealed at least eleven muRNAs that represent novel and unexpected
miRNA expression profiles. not previously identified in the literature.

[{60180] Many of these identified miRNAs are pan- or multi-tumor specific. For
example, expression of miR-451a, miR-559, miR-1, miR-145-3p, and miR143-3p were generally
down-regulated across all cancer cell lines tested compared to control tissues. This was
particularly notable for miR-451a, which was highly expressed in all normal tissue type and
substantially down-regulated 1n all cancer types, thus representing a pan-specific tumor-
suppressive miRNA. The expression of miR-559 was lower in normal tissue types, except for
normal lung tissue, and expression of miR-1 and mir-145-3p in normal tissue was variable.
Despite the vanability in the magnitude of differences and absolute expression levels, mean

expression of each miR in cancer cells hines was substantially lower compared to levels in the
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corresponding normal tissues. These miRNAs are candidates for generating pan-tumor HSVY
virions that are capable of broadly treating a variety of cancer types.

{00181} Although the mean expression for miR-451a, muR-559, muR-1, muR-145-
3p, and nuR143-3p was lower in cancer cell lines compared to normal controls, the decreased
expression was not fully penetrant across all cancer cell lines. For example, 2/3 of the normal
bladder samples tested showed increased expression of miR-145-3p, while expression in the
remaining sample was substantially similar to the average observed m the cancer cell lines.
Similar results were observed in breast cancer cell lines. Although the average read count for all
breast cancer samples was 106, 5/12 saroples had a normalized read count of > 1000 counts, 2 of
which were > 40,000 counts.

[60182] These data indicate the potential to generate a single miR-attenuated
oncolytic virus capable of targeting a broad array of tumor types. For example, a construct
comprising target sequences for nuR-124, nuR-451a, muR-559, miR-1, and nuR-145-3p may be
used 10 the treatment of all the tumor types tested {(e.g., bladder, colon, breast, pancreatic, lung,
head and neck, Schwannoma, and ghoblastoma}. The variability in expression levels of miRs in
different cancer types indicates the potential need to stratify patients by nuR expression or

through the use of an additional biomarker.

Example 2- Construction and use of a reporfer system (o rapidly assay miRNA-based cene
attenuation

[00183] A reporter system was developed to assess miRNA-based gene attenuation
using virtually any nuRNA target sequence and cognate miRNA. In thus system {shown in FIG.
15}, the target sequence recognized by miRNAs (1.e. hsa-miR-122) was mserted into the 37 UTR
of de-stabilized green fluorescent protein (dsGFP). The cognate miRNA was then expressed via
a tetracycline (tet) inducible promoter using mCherry as a control for miRNA expression. Al
expression vectors were cloned into a tet repressible vector pcDNAS Fri/To that also expresses
mCherry (pTFO02). All miRNAs for expression generated by gene synthesis from human
genomic DNA and were cloned into pTF002. To generate attenuation reporter vectors, dsGFP
was cloned into ¢cDNA3. 1+, generating vector pTF004. Attenuation vectors contain four tandem
repeats of the reverse complement of the miRNA sequence of interest separated by 8-16

nucleotides. Plasmids were constructed by insertion of synthetically generated oligonucleotides
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into the 3 'UTR of the dsGFP gene of pTFO004 using standard molecular bislogy techniques. On
day one, HEKZ293TetR cells were transfected with the muRNA attenuation and reporter
expression plasmuds (0.15 pg each, for a total of 0.3 ug of UMV promotor-containing plasmid)
using Lipofectamine 2000 per manufacturers protocol (Inviirogen) On day two, cells were
treated with Tetracycline at 5 ng/ml and allowed to incubate for up to 72 hours. After
mcubation, GFP and mCherry fluorescence signals were detected daily using a SpectraMax® 13x
Minimax multi-mode microplate reader {Molecular Devices) and analyzed using Softmax Pro or
Metamorph 1maging software (Molecular Devices). Phase images were acquired with an
exposure of 5-6ms, GFP (541nm channel} exposure 10ms, and mCherry (713nm channel) 200-
1500ms.

{00184 FIG. 16 exemplifies nuR-122 mediated attenuation of GFP expression
upon induction of MmiR-~122 expression via tet at 24 hours. The control constructs nuR-184, muR-
34a, and Let7a do not attenuate GFP levels, nor 13 GFP attenuation observed in the absence of
tet. FIG. 17 shows miR-~122, nuR-184, nuR-34a, and Let7a expression and GFP attenuation
using each miR target sequence individually and mn cassette combinations of miR-122/Let7a,
miR-122/Let7a/miR-34a, or miR-122/Let7a/miR-184. Decreased GFP is only observed when the
appropriate tuR and cognate target sequence are present together (circled wells). FIG. 18 serves
as a non-attenuated control and shows muR-122, miR-184, muR-34a, and Let7a expression and
mCherry expression.

{06185] FIG. 19 shows miR-122, muR-124, miR-145, miR-199, and miR-451
expression and GFP attenuation using each target sequence individually {circled wells). FIG. 20
serves as a non-attenuated conirol for the above example and shows miR-122, miR-124, miR-
145, nmuR-199, and muR-451 expression and mCherry expression using each target sequence
mdividually. FIG. 21 shows that miR-122 and muR-184 attenuate GFP fluorescence at 72 hours
post transfection when the cognate miR-122 or miR-184 target sequences are present. FIG. 22
shows that miR-34a and nuR-184 attenuate GFP fluorescence at 72 hours post transfection when
the cognate miR-34a or miR-184 target sequences are present. FI(G. 23 shows that Let-7a and
miR-184 attenuate GFP fluorescence at 72 hours post transfection when the cognate Let-7a or
miR-184 target sequences are present. FIG. 24 shows that miR-124 and miR-184 attenuate GFP
fluorescence at 72 hours post transfection when the cognate miR-124 or nuR-184 target

sequences are present. FIG. 25 shows that nuR-145 and muiR-184 attenuate GFP fluorescence at
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72 hours post transfection when the cognate miR-145 or miR-184 target sequences are present.
FIG. 26 shows that muR-199 and miR-451 attenvate GFP f{luorescence at 72 hours post
transfection when the cognate miR-199 or miR-451 target sequences are present. FIG. 27 shows
that miR-125 and miR-451 attenuate GFP fluorescence at 72 hours post transfection when the
cognate miR-125 or miR-451 target sequences are present. FIG. 28 shows that miR-126 and
miR-451 attenuate GFP fluorescence at 72 hours post transfection when the cognate nuR-126 or
miR-451 target sequences are present. FIG. 29 shows that miR-127 and miR-451 attenuate GFP
fluorescence at 72 hours post transfection when the cognate nuR-127 or miR-451 target
sequences are present. FIG. 30 shows that miR-133 and miR-~451 attenuate GFP fluorescence at
72 hours post transfection when the cognate miR-133 or muR-451 target sequences are present.
FIG. 31 shows that miR-223 and nuR-451 attenuate GFP f{luorescence at 72 hours post
transfection when the cognate miR-223 or miR-451 target sequences are present.

[00186] As such, these data indicate that miR expression can result in the specific

attenuation of genes expressing the cognate miR target sequence.

Example 3- Generation of miRNA-attenuated HSY

{00187} Followmg reporter gene-based validation of miRNA target sequences and
cognate miRNA pairs, HSV-based viruses were generated containing muRNA attenuation
cassettes. A series of modifications were made 1n KOS-37 BAC, a full-length genomuic clone of
the KOS stram of HSV-1 on a bacterial artificial chromosome (BAC) as described (Mazzacurats
et al., Mol Ther., 2015). The product, KGBAC, was deleted for the internal repeat (joint) region
containing one copy each of the diploid genes ICPO, ICP34.5, LAT and ICP4 along with the
promoter for the ICP47 gene. This deletion facilitates manipulation of the remaiming copies of
the 4 deleted genes, provides abundant space for the potential ncorporation of transgenes that
enhance the oncolytic activity of the wvirus, and imcreases tumor specificity by reducing
expression of the neurovirulence factor ICP34.5; elimination of ICP47 expression benefits
immune recognition of infected cancer cells by virus-specific T cells. KGBAC also contains the
GFP open reading frame (ORF) fused to the glycoprotein C (gC) ORF via a 2A peptide sequence
to allow monitoring of late (post-replication) viral gene expression. Lastly, KGBAC contains a
pair of mutations in the gB gene shown to enhance HSV entry through non-canonical receptors.

The miRNA target sequence cassettes were recombined into the 3' UTR of the 1CP4 and/or
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ICP27 genes of 2ZASB-MMP9 to generate ONCR-003, ONCR-010, ONCR-011, ONCR-012,
ONCR-013, ONCR-014, ONCR-015, ONCR-016, ONCR-017, ONCR-018, ONCR-019, ONCR-
020, ONCR-021, and ONCR-022 as shown in FIG. 32, All BAC constructs were converted to
virus particles with simultaneous removal of the BAC sequences located between loxP sites by
transfection of Vero-Cre cells. Following plaque purification, virus stocks were prepared and

titered on Vero cells.

Fxample 4- Viral infectivitv assav usine miBNA-attenuated HSVY

[00188] To assay for viral mfectivity and replication in normal and cancerous cells,
miRNA-attenuated HSV particles were tested 1n the following in vitro assay. On day one, for
each cell type nfected, HSV particles were introduced to achieve a multiplicity of infection
{mo1} of 0.01. On days two through five, viral infectivity was assayed by GFP detection using a
SpectraMax® 13x Minimax multi-mode microplate reader (Molecular Devices) and analyzed
using Softmax Pro or Metamorph imaging software (Molecular Devices). Phase umages were
acquired with an exposure of 5-6 ms, GFP (541 mo channel) exposure 1 Oms, and mCherry (713
nm channel} 200-1500 ms was used to evaluated any potential nonspecific avtofluorescence
signal.

{60189] ONCR-011 replication was significantly attenuated wn post-mitotic lung
tissue due to the presence of the miR-125 cassette in the ICP27 gene and high levels of miR-
125a (>3000 counts) in these cells, as shown in FIG. 33 {read out by GFP positive cell
quantitation) and FIG. 34 {read out by quantitative PCR). Although ONCR-011 and the control
virus, ONCR-003, contain miR-124 target sequences in the ICP4 gene, miR-124 is present at low
levels (<100 counts) which were insufficient to attenuate viral replication. Both ONCR-011 and
ONCR-003 replicated freely i head and neck cancer cells (A253} because these cells contain
low levels of both miR-125a and miR-124 (<100 counts). ONCR-013 replication was
significantly attenuated mn HCC1395 cells, but not in A253 cells as shown in FIG. 35 (read out
by GFP positive cell guantitation) and FIG. 36 (read out by quantitative PCR}). ONCR-014
replication was significantly attenuated in non-cancerous lung tissue as shown in FIG. 37 (read

out by GFP positive cell quantitation} and FIG. 38 (read out by quantitative PCR).
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Example 3- Treatment of a patient suffering from pancreatic cancer, lung cancer, or colon

cancer

[{60196] A patient suffering from pancreatic cancer, lung cancer, or colon cancer s
treated using the compositions and methods disclosed herein. HSV-based viral stocks may be
generated that are attenuated by incorporating one or more miRNA target sequences into UL19,
ICP4, ICP27 (or other viral genes) as shown in FIGs. 39-44 In some cases, genome-editing
capabilities for tumor destruction and/or microenvironment remodeling are engineered into the
virus in addition to miRNA target sequences, as shown in FIGs. 45-46. In a specific example, an
HSV-based stock containing miR-124, nuR-45la, nuR-143-3p, and 0uR-559 attenuation
cassettes mcorporated into ICP4 and FCP27 is generated according to the methods described n
Example 3. The muRNA target sequence cassettes are introduced mto the 3' UTR of the ICP4
(miR-124) and ICP27 (miR-451a, miR-143-3p, miR-559) genes as shown in FIG 47 BAC
constructs are converted to virus particles with simultaneous removal of the BAC sequences
located between loxP sites by transfection of Vero-Cre cells. Following plaque purification, virus
stocks are further purified, buffer exchanged, and titered on Vero cells. For i vivo
adnunistration to a patient suffering from pancreatic cancer, tung cancer, or colon cancer, HSV
particles are prepared n phosphate buffered solution (PBS) along with pharmaceutically
acceptable stabilizing agents. On the day of treatment, 10° vector genomes in a volume of 1.0
mL pharmaceutically acceptable carrier are administered via intra-tumoral infusion. The patient
is monitored for tumor regression using standard of care procedures at an appropriate time

mterval based on that patient’s particular prognosis.

Example 6- Treatment of a patient suifering from brain cancer, bladder cancer. breast

cancer. or head and neck cancer

[00191] A patient suffering from brain cancer, bladder cancer, breast cancer, or
head and neck cancer 1s treated using the compositions and methods disclosed herein. An HSV-
based viral stock is generated containing miR-124, miR-451a, miR-145-3p, and miR-559
attenuation cassettes according to the methods described in Example 3. The nuRNA target
sequence cassettes are introduced into the 3' UTR of the ICP4 (miR-124) and ICP27 (miR-4514,
miR-145-3p, miR-559) genes as shown in FIG 48 BAC constructs are converted to virus

particles with simultaneous removal of the BAC sequences located between loxP sites by
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transfection of Vero-Cre cells. Following plague purification, virus stocks are further purified,
buffer exchanged, and titered on Vero cells. For 1 vivo administration to a patient suffering from
brain cancer, bladder cancer, breast cancer, or head and neck cancer, HSV particles are prepared
i phosphate buffered solution (PBS) along with pharmaceutically acceptable stabilizing agents.
On the day of treatment, 10’ vector genomes in a volume of 1.0 mL pharmaceutically acceptable
carrier are administered via intra-tumoral infusion. The patient is monitored for tumor regression
using standard of care procedures at an appropriate time interval based on that patient’s

particular prognosis.

Example 7- Treatment of a2 patient suffering from schwannoma

[60192] A patient suffering from schwannoma is treated using the compositions
and methods disclosed herein. An HSV-based viral stock 15 generated containing muiR-124-3p,
miR-205-5p, nuR-141-5p, and miR-31-5p attenuation cassettes according to the methods
described in Example 3. The miRNA target sequence cassettes were recombined into the 3' UTR.
of the ICP4 (muR-124) and ICP27 (muiR-205-5p, nuR-141-5p, miR-31-5p) genes as shown in
FI(. 49 BAC constructs are converted to virus particles with simultaneous removal of the BAC
sequences located between loxP sites by transfection of Vero-Cre cells. Following plaque
purification, virus stocks were further purnified, buffer exchanged, and titered on Vero cells. For
in vivo administration to a patient suffering from schwannoma, HSVY particles are prepared in
phosphate buffered solotion (PBS) along with pharmaceutically acceptable stabilizing agents.
On the day of treatment, 10° vector genomes in a volume of 1.0 mL pharmaceutically acceptable
carrier are administered via intra-tumoral infuston. The patient is monitored for tumor regression
using standard of care procedures at an appropriate time interval based on that patient’s
particular prognosis.

{80193] While preferred embodiments of the present invention are shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions can be implemented
by those skilled in the art without departing from the invention. It should be understood that
various alternatives to the embodiments of the mvention described herein may be emploved in

practicing the invention. It is intended that the following claims define the scope of the
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mvention and that methods and structures within the scope of these claims and their equivalents

be covered thereby.
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Table 1. Summary of relationships Between 12 select sucomiRs (9 tumor suppressors and 3 sneogenic miRNAS) versus cancers.
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Table 2. List of examples of oncomiR-cancer relationships.
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CaArcinema Fapiliaty Thyreid Caminonas [s
Associated with BRAF Mutation
and Chinf
i ends.

‘prostale canoer up A-181 promotes
prostate cancer cebb proliferation
by regulating DAX
eXpressian.

gastric cancer up MicroRMNA profiling of huiman

gastric cancer.
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foix- gastric cancer up miR-181a-5p Expression and
181a- Efk u Celd Prodifestion in
5p ' c Cancat
k- hepato-celludar down
181a- | carcinoma
sp
and branching-meph
by directly largeting ¢-Met.
acuwie prewyelo- P PVIL/RAR? -regwiated miR-
yiic leukemia 181aM cluster targets the tumor
suppressor RASSFIA in Acute
Promyelos cukemia.
mir- breast cancer up Transforwing growth facter-7
181b reguiates the sphere-initiating
stem celi-tike feature in bieast
cancer through miRNA-181 and
ATM
mii- cervical cavcer up miR-181h promotes cell
181bh proliferation and reduces
apoptosis by mpiessing the
expression of adeny iyl cyclase §
(ACY) in cervical cancer cebls.
mir- chronic down | Aberant mictoRNA expression
181b tymphocytic in Chinese patients with cloonic
leukemia lymphocytic kenkemia,
rois- chronic down | miR-181a/b significantly
181b fymphocytic enhances drisg sensitivity in
lenkemia chrouic lympbocytic lewkemia
cells via targetivg mmltiple anti-
apoptosis geues.
foi- gastric adeno- down | MicroRNA-181b targets cAME
181b cascinoma responsive elesment binding
protein 1 in gastric
adenocarcinomas.
wir- gastric cancer dowo | mRNA-223 promotes gastric
181k cancer invasion and melastasis
by largeting {Broor suppressor
EPB41LS.
i glioma down | mir-181a and mir-181b function
181b as Moy suppiessors in hunan
glioma cells.
wir- glioma dowo | MIiRNA-181b suppresses 1GF-

181k

IR and functions as a tumor
suppressor gene in gliomas.
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mig- glioma down | MiR-181b suppresses

181b preldferstion of and weduces
chemaresistance 1o
teroczelomide in 87 glioma
stem cells.

ix- hepato-cellular up Palycyclic aromatic

181b carcitotng hydiocatbon (PAH)-mediated
upregulation of hepatic
microRNA-181 fanuly proimotes
cancet cell wigution by
rargeting MAPK phosphatase-3,
reguiating the activation of p38
MAPK.

mir- non-smalt celi tung | down | Down-regulation of microRNA-

181b | cancer 181b is a poteniial prognostic
wiatker of non-small coli hing
cancer.

- sral sqoamons cell up Relationship between

181b CAXCIIOING mictoRNA expression fevels and
histopathologicsl features of

foi- Osten-sarcoina B MicroRNA signatisres associate

181h with patbogenesis and
progression of osteasarcoma.

mir- ovatian cancer up MicreRNA-181b promaies

181b ovarian cancer cell growth and
invasion by targeting LATS2.

1ir- prostate cancer up MicicRNA-181b expres n

18tb prostate cancer tissues and its
influence on the biological
behavior of the prostate cancer
celi ting PC-3.

mie- retinoblastoma up Hypoxia-taduced miR-181b

181bh anhances angicgenesis of
retinoblastotng celis by targeting
PDEDL0 and GATAS,

todr- glioma dowo | MicroRNA-181 inkibits giicma

181b- cell?proliferation by targeiing

1 cyclin Bt

- hepato-celhudar up Identification of microRNA-181

181b-

BITTARY

by genome-wide screening as a
critical player in EpCAM

nositive bepatic cancet stem

e
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cells.
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k- non-smatl cell lung down | MicroRNA-181 functions as 4
18Ih- { cancer 1MoL SUPPTessor tn non-smatl
1 cell lung cancer INSCLC) by
foir- papiltary thyroid Y]
181b- { carcinoma
1 ted with BRAF Mutation
and Clivicopathological Feature
in Chinese Patients.
k- prostate cancer B mictoRNA-18Y promotes
181b- prostate cancer cetl proliferation
1 by reguiating DAX-1
EXPISSSicn.
wir- gliona dowo | MicroRNA-18] inkibits glioma
181b- celt?pmiliferation by targeting
2 cyclin B1
mir- hepato-celhular up Identification of microRNA-181
181bh~ | carcinona by genome-wide screening as a
2 critical player in EpCAM-
positive biepatic cancer stem
cells.
foi- non-smabl cell lung | down | MicroRNA-181 functions as a
18Ih- | cancer Mot suppressor in non-smatt
2 cell lung cancer (NSCLC) by
toir- papiilary thyrid up Expression of miRNAs in
181b- | carcinoma ary Thywoid Carcirornas Is
z Associated with BRAF Mutation
icopathoiogical Features
Patients.
foix- prostate cancer up RNA-181 prowmotes
181b- prostate cancer cebl proliferation
3 by regulating DAX-1
EXPIessicn.
oir- astrecytoma down | MiR-181b-5p downiegniates
181b- MNOVAL 1o soppress
Sp proliferation, migration aud
invasion and promote apoptosis
in asttocytowa
foir- gasteic cancer up Upregulation of MicroRINA
181¢ Expres

Cancer Tissues
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k- glioma down | MicroRNA-181 inhibits glioma

i8lc cell7protiferstion by targeting
cychinBL.

ix- hepato-cellular up Identification of mictcRNA-~181

181c carcitotng by genome-wide screening as a
oritical player in EpCAM-
positive tic cancer stem
cells.

- neuroblastoroa down | MiR-181¢c modulates the

18lc proliferation, migration, and
invasion of nentoblastora cells
by targeting Swad?

wir- von-soal) cell hog | dowo | MictoRNA-18] functions as a

181c¢ | cancer TWNCE SUPPIEssot in vor-stall
cell tong cancer (NSCLC) by
targeting Bel-2.

foi- Osten-sarcoina B MicroRNA signatisres associate

18lc with patbogenesis and
progression of osteasarcoma.

toir- papiilary thyroid up Expression of miRNAs in

181c carcinoma Papiltary Thyioid Carciromas Is
Asgociated with BRAF Mutation
and Clivicopathological Features
in Chinese Patients.

foi- nrostate cancer Bp mictoRNA-18Y promotes

181c¢ prostate cancer cebl proliferation
by regwlating DAX-)
EXPIessicn.

todr- glioma dowo | MiR-181d acts as a tumor

i81d suppressor in glioma by
targeting K-ras and Bel-2.

i glioma down | MictcRNA-181 inhibits ghoma

184d

celiPpmoliferation by
cychin Bl

geting
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- up {dennficat

8ld | carcinoma by genome- screeni
critical player in EpCAM.
positive hepatic cancer stetn
cells.

toir- hepato-celbular up Polycyclic aromatic

181d | carcincma hydrecarbon (PAH)-mediated
uptegolation ¢f hepatic
mncroRNA- 181 family promotes
cancer cell migration by
targeting MAPK. phosphatase- 5,
regulating the activation of p3R
MAPK.

toir- oon-stwakll celllnog | dawn | MicroRNA-181 functions as a

181d | cancer TWINCE SUPPIEssot in vor-stall
cell long cancer (NSCLC) by
targeting Bel-2.

foi- papiilaty thyroid Y] ssion of mIRNAs in

181d carcinonma hytoid Carcinomas Is
Associated with BRAF Mutation

pathological Feature,

in Chingse Patients.

mir- prostate cavcer up mictoRNA-IRY proviotes

1814 prostate cancer cetl proliferation
by reguiating DAX-1
SXPIEsSiOon.

mir- bladder cancer up Synthetic miRNA-mowers

162 targeting miR-163-96-162
cluster or miR-210 inbibit
growth and migratiov and
indice apoptosis in biadder
cancer cells

foi- breast cancer B

182

wir- breast cavcer up Suppr i MIVE by

182 microl 182 activates RhoA
and promotes breast cancer
wetaslasis.

mig- breast cancer up Higher expression of circulating

182 miR-182 as a novel bicwanker
for breast cancer.

ix- colorecial adenc- up Enhanced miR- 182 wanscription

182 carinena is a predictor of pocr nverall
survival i colorecial
adenocascitoma patients.
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-
182

colorectal cancer

wnR-182 promotes cell growth
and invaston by targetiog
forkhead box F2 wranscription
factor in colorectal cancer.

PCT/US2017/015417

colorectal cancer

Up-regniation of miR-1£2
expression in colorectal cancer
iissoes and its prognostic vatue.

colorectal cancer

up

mictoRNA-IR2 tatgets special
AT-rich sequence- ng
ptein 2 10 promets colorectal
cancer proliferation and
metastasis.

colorectal cancer

Circudating miR-182 is a
biomarker of colorectal
adenacarcivowa progression.

colorectal cancer

up

SATE] and 2 in colotectal
cancer

rois-
182

colorectal
carcinonma

up

Increased expression of riRNA-

E82 in colotectal carcinoma: an
independens and tissue-speciiic
prognostic factor.

ir-

182

endowetrial canc

MictoRNA-182 Promotes
Tumnor Cell Growth by
Targeting Transcription
Elongation Factor A-like 7 in

wir-
182

gabbladder
carcincma

Endomstrial Carcingtoa.

TGE-7 upregwates iR -182
exXprassion to promoie
galibladder cancer metastasis by
targeting CADM1.

toir-
182

gastric adenn-
Carcinoma

down

MicroRNA-182 1argets cAMP-
1esponsive element-binding
protein?! and suppresses cell
growth in hunan gasteic
adencoarcinoma

foix-

182

down

MicroRNA-182 iwhibits
preliferstios through targeting
oncogenic ANUBLT io gastri

CAncer
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glioma up 183/96/182 Cluster
dative Apoptosts
and Sensitizes Cells to
Chemotherapy in Gliomas.
toir- glioma up miR-182 as a progrostic marker
182 for glicma pmgession and
patient sutv
- hepato-celludar up Oncomik miP-96 and miR-182
182 CEG NG protacte cell prolife 1 and
invasion through targeting
ephrinAs in hepatocettular
Carcingoa
uir- up Wat/beta-Catenin activates
182 MiR-183/96/182 expression in
hepatocelintar carcinoma that
promotes cell invasion.
roi- hepato-celbalar G Serom miR-182 and iR-331-3p
182 carcinonma as diagnostic and proguostic
markers tn patients with
hepatocelthslar carcinoma.
wir- bepato-celbislar up MictoRNA-182 doworegulates
182 Carcinema metastasis suppressor 1 and
contributes 16 metastasis of
hepatoceliular carcinorms,
ir- hepato-cellutar up MiR-182 is up-regulated and
182 CArCLo LA targeting Cebipa it
hepatocellslar carcinoma.
f0is- hang cancer up Differential MictoRNAs
182 um of Patients
et, Pulinonary
‘Tnbercniosis, avd Prenona
foix- g cancer up Downregulation of microRNA-
182 inhibits cell growth and
invasion by targeting
prograromed coif death 4 in
homan keg adenocarcinoma
cells.
toir- hung cancer down | Methylation Stats of miR-182
182 Promoter in Lung Cancer Cell

Lines].

e
b




WO 2017/132552

-
182

wialignant
melanoma

Aberrant mB-182 expressi
promotes melancma metasias
by repressing FOX03 and
microphihalmia-associated
transoripiion factor,

PCT/US2017/015417

malignant
melancma

Comparative analysis of
melanoma deregulated miRNAs
in the medaka and Xiphophorus
pigiment cell cancer models.

mesenchytak
sancer

up

MicroRNA-182 drives
metastasis of primary sarcomas
by targeting multipie genes.

mir-

182

cvarian cancer

up

-

Micro-RINAS and ovarian
ancer. the state of arl and
erspectives of clintcal research.

T O

roi-
182

ovatian cancer

up

Ardi-MiR-182 reduces ovarian
cancer butden, invasion and
metastasis: An in vivo study in
orthotopic xenogratts of nude
mice.

mii-
182

ovatian cancer

up

The upregulation of signal
transducer and activator of
wanscnption S-dependent
microRNA-182 and mictoRNA-
25 prowotes ovarian cancer cell
pwlifesation by tatgeting
forkhead box 03 upon leptin
stimul

foi-
182

OVALIAN CAXCIoma

up

MicroRNA-182 promotes cell
growth, invasion and
chemaresistance by targsting
programmed ceit death 4
PDCDA) i fnanan ovarian
carcinsmas.

f0iy-
182

papiltary thyroid
carcinoma

up

miR-182 targets CHL1 and
coutrols tomor growth and
invasion if oy thygoid
carcioowa

wir-
182

prostate cances

up

miR-183-96-182 clustetis

oversxpressed i prostaie tissue
and regulates zi
in prostate cells.
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prostate cancer up Gverexpressed mictocRNA-182
promotes protiferation snd
invasion in prosiate cancer PC-3
cells by down-reguiating N-myc
downstream regulated gene 1
(NDEGL).
ix- uveal melanoma down | Kol of micrtaRNA-182 i
182 posterior uveal melanoma:
regulation of tmor development
thiough MITF, BCL2 and cyclin
02
bladder caucer up Ouncogentc miRNA-
rargets Smadd and R in
human bladder cancer.
mix- prostate cavcer P MicroRNA-182-5p Prosnates
182- Ceil {nvasicn and Proliferaticn
Sp by Dewn Regulating FOXF2,
RECK and MTS81 Genes in
Fhusnan Prostate Cancer.
uir- tenal cell carcinoroa | down | Downregnlation of mictoRNA-
182~ 382-5p couiribisies te renal cell
p carcivewa prolifecation via
activaiing the AKT/FOX03a
signaling pathway.
ir- breast cancer down | MicroRNA-182Z6 targets
1826 VEGFC, beta-catenin
(CTNNBI) and MEK1
MAP2KT) in husman bladder
ConCet
kiduey cancer down | MictoRNA-1826 directly targets
beta-cateran (CTNNB1) and
MEKE(MAP2K ) tn V-
inactivated renal canc:
foix- bladder cancer up MicroRMNA expr
183 signatures of bladder cancer
revealed by desp sequencing.
wir- bladder cavcer up Svathetic mRNA-mowers
183 targeting miR-183-96-182
clostier or m O irhibit
and migeation and
tosts i biadder
foix- breast canoer down malated miR-183 inhibits
183 migration in breast cancer cells
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colorectal cancer

Association of microRNA
exprassion with inicrosatellite
instability status in coloractal
adenocarcincroa.

PCT/US2017/015417

colorectal cancer

Qverexpression of microRNA-
183 in huran colorectal cancer
and its clinical significance.

colorectal cancer

up

Plasma miR-183 predicts
recucrence and prognosis
patients with colorectal

esophageal cancer

miRNA- 183 suppresses
apopto d promotes
proliferation in esophageal
cancer by targeting PRCDA.

esophageal
squamons cell
carcinonma

up

MicreRNA-183 promotes
prolifecation and invasion in
oesophageal squamous cell
carcinoma by targeting
programmed ceit deatk 4.

ir-
183

follicntar thyroid
CALCINOIMa

up

Differential niRNA expression
detines wigeation and reduced
apopiosis in folticwlar thyroid
carcinomas.

fois-
183

gastric cancer

down

miR-133 inhibits invasicn of
gastric cancer by targeting Ezrin.

wir-
183

gasttic cancer

MictoR NA-183 inkibits
apoptosis and prmoes
proliferation and invasion of
aastric cancer cells by targeting
D4,

toir-
183

gastric cancer

down

P
MicroRNA-183 inkdbits gastric
cancer profiferation and invasion
via directly targeting Bmi-1.

glioma

The miR-1%3/96/182 Cluster

Regulates Oxidative Apoptosis
and Sensi
Chemotherapy in Gliomas.

el
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up
CALCINGING

toir- hepato-cellniar up miR-183 inhibits TGF-betal-

183 Carcinoma induced apoptosis by
downregnlation of PDCD4

1 i hisman
hiar carcivewa cells.

foir- hepato-cellniar up 2esion and Sigrificance of

183 carcinoma icioRNA-183 in
Hepatocelbiar Carcinoma.

mie- kidney cance up nictoRNA-IRS plavs as

183 oncogenes by increasing cell
pooliferation, migration and
nvasion via fargeting proteie
phosphatase 2A in renal cancer
cells.

roi- medudiary thyioid G MicroRNA profiling of sporadic

183 carcinonma and hereditary medullary thvroid
cauncer ideuntifies predictows of
nodal metastasis, prognosis, and
potential therapeauiic targets.

mii- QsteQ-5AFCOMma down | Down-regulation of mik-183

183 prowetes nugratios and invasion
of ostensarcoma by targeting
Ezrin,

mir- ithacy thyreid up miP-183 regulates binlagical

183 CArCLo LA behavior in papillaty thyroid
carcinoma by taigeting the
programuied celd death 4.

f0is- prostate cancer up miR-183-96-182 closter is

183 overexpiessed in prostate i
and regulates

i prostate cancer up 183 s an oncogane

183 3 and SMADS in
prostate cancer.

mig- retino-biastoma down | MicroRNA-183 suppresses

183 rettnoblastoma cell growth,
invasion and roigeaticn by
targeting LRPS.

ix- hung cancer up Up-regutation of ticiRNA-

183- 183-3pis a potent prognostic

3p macker for lung adenocarcinoma

of fenuale non-smokers.
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- glioma dowi.
184 T
involved in the malignant
progression of glicmas.
foix- glioma down | MicroRNA-184 inkibits ¢
184 proliferation and inv
speciically targets TNEFADRZ W
Glinma.
head and neck up argeting of nuitiple
squamons cell 4 tor-inhibiting
carcinema hypoxia-inducible factor (FTH)
gene for the pathogenasis of
head aud neck carcinomnas.
mir- hepato-celhular up Mir-184 Post-Transcriptionally
184 SArCio LA Reglates SOX7 Expression and
Promotes Cell Proliferation i
Humao Bepatoceltlar
Carcinoma.
uir- bepato-cellislar up MictoRNA-184 inhibits cell
184 CATCINOMa pwoliferation and ivvasion, and
specifically targets TNFAIP2 in
Glioma.
mix- matignant down | Kegulation of cavcer aggressive
184 welanora features inmelanovia cetls by
ictePNAs.
fois- nevrc-blastoma down | MicroRNA-184 inkibi
184 lastoma celd smvival
thiongh targeting the
serine/threontne kinase AK12.
f0iy- nevrc-blastoma down | MicroRNA-184-mediated
184 inhibition of tumo ey growih in
an orthotopic musine model of
neuroblastoma.
mig- sn-sabt cell lung down RMNA-184 Deregniated by

CANCET

oRMA-23 Prewetes
Tumor Matigrancy and Poor
Quotoomes in Non-stnali Cell
Lung Cancer via Targeting
CDC25A and c-Myc.

&
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- SQUAINGHS up GRNA-184 inhibits cell

184 CALCINGIMa prolifesation and tovasion, and
specifically targets TNFAIP? in
Glioma.

ix- bladder cancer up Micro-RNA. profiling in kidney

185 and bladder cancers.

foir- breast canoer down | MicroRNA-185 inhibits

185 proliferation by targeting ¢
in hwman breast cancer cells.

toir- breast cancer down | MiR-185 is involved in turman

185 breast carcinagenesis by
targeting Vegfa.

roi- 2sophageal down | Molecular mechanism and

185 sguamnons celk effoct of micitoRNAIRS on

CATCINOMa pwolifesation, migration avd

invasios of esophagesd
squatsous cell carcinomal

wir- gastric cancer up MictoRNA profiling of tumao

185 gastric cancer.

wir- gastric cancer dowo | miR-185 is av independent

185 pwgnosis factor and suppresses
futnor roetastasis in gasteic
cancert.

f0is- glioma down | LRRC4 inhibits glioma cell

185 growth and isvasion through a
miR-185-dependent pathway.

wir- bepato-celbylar dowo | miR-1835 inkubits bepatocelniar

185 CaArcinema carcinoma growth by targeting
the DNMT1/PTEN/ALL
pathway.

toir- mabigrand down | Regolation of cancer aggressive

185 melanoma featores in melanoma cells by

micrtoRNAs.
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- colon carcinoma dowi.

186
cells).

toir- oon-stakl cell lnng dowa | miR-186 downreguiation

186 cancer correlates with paor survival io
hing adenocacinoma, where it
intesferes with cell-cycle
regulation.

foir- aot-smabl cell lung | down |} MiR-186 targeis ROCKI to

186 cancer suppress the growth and
metastasis of 1.0 calls

- aucieatic ductal up miR-185 and 326 Predict the

186 adeno-carctnoma Prognosis of Pavcreatic Ductal
Adenocarcinoma and Affact the
Protiferation and Migration of
Cancer Celis.

iE- prosiate cancar down | MiR-187 Targets the Andigen-

187 Regulated Gene ALDHIAS in
Prostate Cancer.

twir- hepato-cellistar down | MictoRNA-188-5p Suppresses

188~ CALCIROMa Tumor Cell Protiferation and

S5p Metastasis by Directly Tatgeting
FGFS in Hepateceliular
Carcinoma.

fois- down | miR-188-5p inhibits tomour

188- growth and metastasis in

Sp prostate cancer by repressing
LAETMAE expression.

foi- b-cell bymphoma up MicroRMNA miR-17-5p is

18a overexpessed in pancreatic
cancer, associated with a poor
proguosis, and involved in
cancer cell proliferation and
invasion.

toir- bladder cancer down | microRNA-18a, a eember of the

18a oncogenic miR-17-92 clster,
targets Dici d suppresses cell
protiferation to bladde ser
T24 calis

wir- breast cavcer up MictoRNA expression profiles

18

in human breast cancer cells
after mumitifraction and single-
dose radiation treatinent.
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- breast carcinoma up MiR-53 exhd
18a and smetastasis by ta
LATSZ
foix- cholangiocarcinoma | up ter promotes
18a cholangi 0 rowth:
evidence tor PTEN as
downstezam target and [L-
6/81a13 as upstream activator.
mix- colon cavser up M RNA-182 Atteniates
18a DNA Darmage Pepair thrcugh
Suppressing the Expression of
Ataxia Telangiectasia Mutated
rectal Cancer.
iE- cnlorectal cancer up
1%a
Circulating miR-18a and miR-
29a as prowising biomarkers.
wir- colorectal cancer up Plaswa miR-200¢ and miR-18a
18a as poiential biomarkers for the
detection of coloractal
carcinoma.
mix- colomectal cancer down | miP-18a [hibits CDC42 and
1%a Plays a Tutacor Suppressor Role
in Colorectal Cancer Cells.
mir- coloracial cancer up MicreRNA. exprassion profiling
1%a of exfoliated colonocytes
isolated from feces for colorectal
cances screening.
wir- esophageal up
18a squamous celi
carcinoma
i esophageal up Clinical impact of ciroulating
18a squamons cell miR-{8a v plasma of patients
carctoona with oesophageal squarcous cell
carcinoma.
- gastric cancer up Diagnostic and prognostic value
Ba of circolating miR-182 i the

plasma of patients with gastric
cances.
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k- gastric cances up MicroRNA profiling of huinan

18a gastric cancer.

foir- glicblasioma Y] MiR-18a regulates the

18a proliferation, migraticn and
invasion of himan glicblastoma
cell by targeting veogenin.

mir- hung cancer up A polycistronic mictoRNA

i8a cluster, miR-17-92, is
overaxpressed in human kung
cancers and enhances cell
proliferstios.

foi- hung cancer up Apoptosis induction by antisense

18a oligomicleatides against ik~
37-5p and miR-20a in Jung
cancers overaxpressing miR-17-
92,

toir- bing cancer up MicroRNA miR-17-5p is

18a overaxpressed in pancreatic
cancer, associated with 8 poor
prognosis, avd involved in
cancer cell protiferation and
invasion.

wir- wiadignant up Comparative anatysis of

8a melanoma melanoma deregulated miRNAs
in the medaka and Xiphophorus
pigmerd cell cancer models.

1ir- malignant up Altered expression of selested

18a melanoma mictoRNAS in melanomas:
ansiproditerative and
proapeptetic achivity of miRNA-
155,

mir- manile cell up The mIRNA-17792 chuster

18a tymphoma mediates chetocresisiance and

enhances tutoct growth in
mantla cell Iy mphor
PISK/AKT pal

Activaiion.
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- wiedubo-biastoma up The miR-17/92 polycistron is

18a up-reguiated i sovic hedgabog-
driven meduliobiastomas and
induced by Netny ¢ in sonic
hedgehog-teeated cerebeliar
neural precursors.

ix- naso-pharyngeal up 182 promotes malignant

i%a CANCINC LA progression by impairing
microRNA biogenesis i
nasephary ngeal carcinoma

- weuro-blastoima up MYCli-re

8a ep:
[t ) eXpr and newrenal
differentiation io human
neuroblastoma.

toir- oon-stakl cell lung | up Peripheral Blood miR-328

182 cancer Expression as a Potential
Biomacker for the Early
Diaguosis of NSCLC.

uir- ostes-sarconia up Upregntation of microRNA-Y7-

8a 92 chuster associates with tumor
progression and progaosis in
08t203arooma.

toir- pancraatic cancer up Novel diagnostic vatue of

18a cirenlating wik-182 in plasma of
pattents with pancreatic cancer

wir- pavcreatic ductal up Cirenlating MicsoRNAs o

18a adeno-carcinoma Serum of Homan K-tas
Oncogene Transgenic Rats With
Pancreatic Ductal
Adenocarcinonas.

f0iy- prostate cancer up MicroRNA-18a is clevated in

18a prostate cancer and promotes
TUIORiZE through
suppressing 53K4 in vitro aod in
Vivo

mig- breast cancer up SRINA-18b is upreguiated in

18b breast cancer and modulat:
genas invokved in cell migration.

ix- malignant down | The Role of miK-18b in MDM2-

13b melanoma P33 Pathway Signaling and

Melanoma Progression.
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k- hepato-celludar G Up-Regulation of MictoRNA-

190 Carcinoma 190h Plays a Role for Dacressed
I That Induces nsulio
Rasistance in Huroan

epatocehular Carcinoia,
ix- breast cancer up ptial expressicn of miP.-
191 and miR-191 in
¥ lissue.

oi- breast cancer down | Estrogen mediated-activaticn ¢

191 wiR-191/425 closter modulates
MO ge e
cells depending on estrogen
receptor status.

toir- breast cancer up HIF-inducibie miR-191

191 promotes migration in breast
cancer through complex.
regniaticn. of TCEY-signaling in
hypoxic microenvironment.

wir- colorectal cancer down. | Association of microRMA

191 expression with microsatellite
instability status in colorectal
adenocarcinctoa.

todr- colorestal cancer up miR-191 promoties

191 twmorigenesis of lman
colorectal cancer thiough
targeting C/EBP?

foi- colorectal Bp MicroRNA-191 conelates with

191 carcinonma poos prognosis of colorectal
carcinoma snd plays imitiple
ies by targeting tissue inhibitor
of metalloprotease 3.

mie- colorectal up MicroRNA-191 corelates with

191 carcinoma poor progrosis of colerecial
carcinoma and plays nudtiple
roles by targeting tissue inhibitor
of metalfoprotease 3.

i gastric cancer up wiRNA-223 promotes gastric

191 cancer invasion and metastasis

ting Hamor suppiessor
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- up Hypomethylation of the miR-

191 351 locus causes high
axpressicn of mir-191 and
promotes the epithelial-to-
mesenchymnal fransition in
hepatocelintar o

ix- ostec-5arana up MicroRNA-199a-31

191 downreguiated in homan
osteosarcomwa aud regulates cell
pwolitesation and wigation.

- up ORNA-191 promotes

191 coma celis prok
by targeting chackpoint ki

toir- pancreatlic cancer up MicroRNA-191 promotes

191 pancreatic cancer progressicn by
targeting USP10.

toir- bladder cancer down | Expression of mictoRNAS in the

192 Urine of Patients With Bladder
Cancer.

mix- bladder cancer down | Kegulation of growth of liman

192 bladder cancer by mik-392

mir- colon cancer down | Prognostic significance of miR-

192 215 in colon cancer.

uir- colorectal cancer down

192 expression with microsateltite
instability status o coloracial
ade oA

oii- coloicctal cancer down | RNA-192, -194 and -215

192 are fraquently downregulaied in
colorectal cancer.

ix- epithelial nvarian down | Gain-cf-functico mictcRNA

192 Lancer screens identify mR-193a
regulating proliferation and

0 epithelial ovarian
- gastric cancer up

192

ALCAM exprassion in vitea,

94




WO 2017/132552

PCT/US2017/015417

gastric cances up Plasros miR-122 and miR-192
as potential vovel biomarkers for
the earty detection of dis

gasttic cancer up
2AStriC Cancer Progressinn

lung cancer down | MictoRNA-192 targeti
retinoblastoma 1 1
proiferation and induces o
apoptosis in lung cancer cetls.

pancreatic ductal up Diagnostic and biclogical

adeno-carcinoma significance of microRNA-192
in pancreatic ductal
adenocarcivomwa.

epithelial ovarian down | Gain-of-function mictoRNA

Cancer screens identify miR-193a
regulativg proliferation and
apopinsis in epitheiial ovarian
cancer cells.

breast caveer dowo | Global micoRNA Jevel
regulation of EGFR-driven cell-
cyele protein network in breast
cancer.

lung cancer down | miR-193a-3p fanctions as a
funor suppressot in fung cancer
by dowrsegnlating ERBBA4

1enal cell car up

colorectal cancer down | Downtegulation of iiR-393a-5p

COT es with lymph vode
wetastasis and poos prognosis in
colorectal cances.
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b down | Dowuregnlation of miR-193b
contributes to enhance
urckinase-type plasminagen
activator (uPA) expression and
fuinor progressicn and invasion
i human breast cances.

ix- breast cancer celd Tumaor suppressive microRNA-
193b lines 1930 prowactes brea foer
MD ssion via targeting
A- NAJCI3 and RAB22A.
MB-
231,
mCF
_‘/';
mix- glioma up miP.-193b promotss cell
193b prolifecation by targeting Smad3
in bomas gliona.
toir- hepaio-celinlar down | niR-193b acts as a cisplatin
193b | carcinoma sensitizer via the caspase-3-
dependent pathway in13CC
chemothe rapy .
wir- wiaignant up miR-193b Regulates Mcl-Uin
193b melancma Melanowa.
rois- mabigrand down | Sathmin 1 s a potential novel
193b welanoma oncogene in melavowa.
wir- vot-soal celllwog | down | MictoRNA-193b modnlates
193b cancer pmliferation, migration, and
nvasion of non-sralt cell fong
ancer cells.
toir- primacy o down | Differential ticeo-RNA
193b iy mphoroas €X] on in priteacy CNS and
nodal diffse lagge B-cell
tymphomas.
mig- coloiectal cancer down | mictoRNA-192, -194 and -215
194 are fraquently downregulaied in
colarectal cancer.
wir- colorectal cancer dowo | MiR-194, commonly tepressed
194 in colotectal cancer, suppresses

tumor growth by regulating the
MAP4K d/c-Jon/MDM?2
{ing pathway.
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- gastric cancer down | unR-194 targets RBX] gene to

194 modilate protiferation snd
migration of gastric cancer celis

ix- gastric cancer down | MicrocRNA-194 [nhibits the

194 Epithelial-Mesenchy mal
Transition in Gast
Cells by Targeting

bing cancer down | miR-194 suppresses mietastasis

of non-small cel} lung cancer
throegh regulating expression of
BMPY and p270apt.)

toir- 08leNsACOIR down | microRNA-194 suppresses

194 osteosarcoma cell proliferation
and snetastasis in vitio snd in
vivo by targeting CDH2 and
IGR

wir- pavcreatic ductal up Upregntation of miR-194

194 adeno-carinona contributes to tumor growth and
progression in pancieatic ductlal
adenocarcinoma.

oir- adienal cortical down | miR-195 and mik-483-5p

195 CALCINGIMa Identified as Predicters of Poor
Prognosis i Adrenocortical
Cancer.

wir- adwenal cortical dowo | The role of mictoRNA

195 CArCinema deregulation in the pathogenesis
of adrenocortical carcinoma.

toir- bladder cancer down | Cyclin-deperdent kinase 4 is a

195 novel targat in ticoRNA-195-
mediated celf cycle arrest in
bladder cancer cells.

foix- breast cancer down sf MiR-195 and MiR-

1935 piession, regutation and
role in breast cancer.

ix- breast cancer down | Upregutation of

increases the sensitivity of breast
cancer cells to Adraroycin
treatment through inbibition of

"
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k- breast canoer down | Sernm mictoRNA-195 s down-
195 regulated tn breast cancer a
potential marker for the
diagnosis of breast cancer.
ix- chroric down | miP-13 and miK-16 induce
195 y mphocytic apoptosis by targeting BCL2.
leulemia
- chioric down | Defective DROSHA processing
195 ymphocytic contributes to downregulation of
ewkemia MiIR-15/-16 in chronic
iymphocytic leukemia.
wir- colorectal cancer dowo | microRNA-195 piomotes
195 apoptosis and suppresses
tumoriget; of human
colorectal cancer cells.
iy colorectal cancer down | Downregolation of miR-195
195 corelates with viuph node
metastasis aod poor progrosis tn
colosectal cancer.
wir- colorectal cancer dowo | MictoRNA-195 inkibits
195 colorectal cancer celt
proliferation, colony formation
and invasion thioegh targeiing
CARMAS.
toir- esophageal down | Differential exprassion of miR-
195 squartnons cell 195 in esophageal squamous cebl
CArCIIOING carcinorma and miR-195
exp on inhibits tumor cell
proliferation and tovasion by
jargeting of CdedZ.
uir- down RNA-195 and microENA-
195 3 tate tumot growth
suppressicn by epigenetical
regulation in gastric cancer.
foix- glioblastoma down | MicroRNA-195 plays a tewor-

ole i howan
gliobkastorma cells by tatgeting
signaling patbways involived in
celtular profiferation and
invagion.
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- glioma down | MicicRNA-195 Inhibits the

195 Pri atton of Bumao Glioma
Cells by Directly Targating
Cyelin D1 and Cyclin E1.

toir- hepato-cellniar dawa | MicroRNA-193 suppresses

195 CACINCMA angiogenasis and meta f
hepatocetiular carcinoma by
inhibiting the expression of
VECE, VAV snd CDCA2.

foir- hepato-cellniar down | MicroRNA-195 acts a8 a tunor

195 carcinonma ssor by directly targeting

ainJepG2 hepatoceliutar

carcinotoa cells.

toir- hepato-cellniar down | microRNA-195 functicns

195 carcinema wmer suppressot by intdb
CBX4 in hepatocelhular
carcinoma.

toir- hing cancer down | Histone deacetytases intibitor

195 trichiostatin A increases the
expression of Olen2/miR-
£5a/16-1 via HDACS in nov-
smail cell fung cancer.

mii- huog cancet down | MiR-195 suppresses non-ssmali

195 cell tung cancer by targeting
CHEKL

foi- nenro-blastoma B miR-15a/16-1 enhances retinoic

195 acid-wediated dis¥erentiation of
leukemic cells and is up-
reguiated by retinoic acid.

mir- non-small cell tung | down | MiR-195 suppresses non-smail

195 cancer cell long cancer By targeting
CEEK1.

foix- nop-smatl cell tung down | MicroRNA-195 inhibits nop-

195 CANCEer swald cell hung cancer cedl
pmliferation, migraion and
invasion by targating MYB.

ix- non-small cell tong | down | miR-195 inhibits the growth and

193 cancer metastasis ¢f NSCLC celis by

targeting IGFIR.
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- osteo-sarcoma down | MicioRNA profiling identifics

195 MiR-195 suppre
nstensarcotna cell meiastasis by
targeting CCNDIL

OsteC-5arcoma down | muctoRNA-395 suppresses
osteosarcera cell invasicn and
igration in vitio by targeting
FASN.

- vilkacy thysoid down | microRNA-339-5p modulates

195 carcinotng hporter-mediated
radiolodide uptake.

- ato-cellilar dowi. icioRNA-195-50 acts as an

195~ CALCINGIMA anit-oncogene by targeting

5p PHF19 in hepatocethular
carcinoma.

wir- OStRO-SArCOma up (dentification of a plaswa four-

195~ mictoPNA panel as potential

Sp noninvasive biomarker £
osteosarcoma.

fois- breast cancer up MicroRNA-196a post-

1964 transcriptionally upregulates the
UBRZC proto-oncogene and
prowotes cell proditeration @
breast cancer.

foi- cervical cauncer B MicroRNA-196a promotes

196a cervical cancer praliferation
thivugh the regulation of
FOXO! and p27(Kipl.).

uir- colorectal cancer down iation of microRNA

196a expression with microsateltite
instability status o coloracial
adencoarcinoma

ix- colorecial cancer up Upreguation of toicroRNA-

196a 1963 and roicroRMNA-196b
cooperatively correlate with
aggressive progression and
unfavorable prognosis in
paents with colorectal cancer.

foix- esophagesl adeno- up MicroRMAs in Barrett's

carcinoma

esephagus and esophageal
adenccarcincma
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- gastric cancer up MiR-196a Is Up-regnlated in

196a Gastric caveer and Promotes
Cell proliferation by Down-
regulating p27kipl.

ix- gastro-tntestinal up Upregulation of o

196a stromal tomor HOTAIR Dyive Mal
Character in Gastrointestinal
Steomal Tumors.

toir- glioblasioma up MiR-196a exeris its cnoogenic

1964 effect in glioblastoma
mudiforroe by inkibition of 1787
both in vitro and in vivo.

mir- head and neck up MicreRNA-196a prometes an

196a squamons cell oncogenic effact in head and

carcinonma neck cancer cells by suppressing
annexin A3 and enbancing
€.

- voun-swiall cell luug | up MictoRNA-196a proniotes non-

196a cancer simait cedd lung cances cell
pretiferatios and invaston
through targeting HOXAS.

wir- pavcreatic cancer up MiR-1963 Promotes Pancreatic

196a Cancer Prograssion by Targeting
Nuclaar Factor Kappa-B-
{nhibitor Alpha.

ir- pancieatic ductat up MictoRNAs as diaguostic

196a adeno-carcinoma markers for pancreatic ductal
adenocarcinoma and its
PCULSOL, PR i

wir- SANANOTS up 1

196a carcincma Profiles in Cervical Cancer.

toir- gasteic cancer up MicoRNA profiting of hutran

196a* gastric cancer.

foix- glioblastoma up MIRNA-196 is upregulated in

196a- glioblastoa but not in

1 anaplastic astrocyiona and bas

prognostic significance
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- oral cancer up GucomniR-196 promotes an

196a- invasive phenotype in otal

1 cancer through the NMES-INK-
TIMP1-MMP signaling
pathway.

foix- oral squamous cell up miR-196a Oveazexprassion and

196a- { carciooma miR-196a2 Gene Poly mosphists

1 Are Prognostic Sredictors of
Qral Carcingtmas.

- glioblastoma up MIRNA-196 is upregulated in

196a- glioblastosna bt not in

2 anaphastic astrocytoma and has
progrostic significance.

toir- oral cancer up OnoomiR-196 promoedes an

196a- invasive phenctype in oral

2 cancer through the NME4S-INK-
TIMPL-MIMP signaling
pathway

roi- oral squamous cell up miR-196a Overexprassion and

196a- { carcinoma miR-19642 Gene Polymorphist

Z Are Prognostic Sredictors of
CGral Carcivowas.

mii- gastric cancer up Clinieal significance of

196a- upregulation of mir-196a-5p in

Sp gastric cancer and etricted
KEGG pattovay aralysis of

mir- coloracial cancer up Upregulation of toicroRNA-

196b 1953 and roicroRNA-196b
cooperatively correlate with
aggressive progression and
untavorable prognosis in
pattents with colorscial carcer,

foi- esophageal cancer Bp Di 3

196h miRMAS in esophageal cancer
nssue.

- gastric cancer up Transcriptional regulation of

196b miR-196b by ETSY in gastric
cancer cells.

i gastric cancer oup Epigenetic regulation of miR-

196b in gastric

196b expressic
Cancet
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- glioblastoma up MIRNA-196 is upregnlated in
196b glioblastosna but not in
anaphastic astrocytoma and has
progrostic sigoificance.
toir- gliohlasioma up Upregulation of miR-1%6h
196b CONERIS @ POOT Prognosis in
sliobiastotna patients via
inducing a prolifer
phenotype.
foir- oral cancer up OncomiR-196 promotes an
196 invasive phencts
cancer through the NME4-T
TIMP1-MMP signaling
pathway
toir- oral squamous el up miR-196a Overexpiession and
196b carcinema miP-196a2 Gene Poly morphism
Are Proguostic Predictoss of
Oral Carcinoras.
breast cancer up Role of mictoRNAS -28h-2, -
155, -197 avd -205 ag disgnostic
biomarkers in serum of breast
cancer feralas.
wir- esophageal cances dowo | Gnplications of microRNA-197
197 downregutated expression in
er with poor
Prognosis.
mir- folticular thyroid up A lroited set of human
197 carcinoma MicroRNA is deregulated in
follicular thvroid carcinona.
mig- gastric cancer down | miRNA-223 prowotes gasiric
197 CANCRT vasion and metastasts
by targeting tumor suppressor
EPB41L.3.
wir- bepato-celllar dows | Anti-miR-197 inhibits migration
197 CArCINeMma in HCC cells by targeting KAT
1/CDR2.
ix- hung cancer up Differential MicroRNAs

197

pression in Serom of Patients
with Lung Cancer, Pulmonary

Tubeiculosis, and Preusnonts.
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k- musltiple myeloms down | miR-137 and miR-157 Induce

1497 Apoptosis and Suppress
Tumonigenicity by Targeting
MCL-1 in Moltipie Myeloma.

foir- olenine eicrayoma down | Upregulation of miR-197

197 inhibits ceoll proliferation by
dixectly ing IGEBPS in
huoman utetine Jeiomyona cells.

wir- adwenal cortical down. | The role of microRNA

1974 | carcinoma deregulation in the pathogenesis
of adrenceortical carcinoma

- colorectal cancer down | MiR-198 represses tumor

198 growth and metastasis in
colorectal cancet by tatgeting
fucosy} wansferase &

wir- bepato-celiar dowo | miR-19% inkuhits wigration and

198 CALCINGIMa invasion of tepatocettular
carcincroa cells by targeting the
HGF/c-MET pathovay.

1ir- Lung cancer down | MicrocRNA-198 Inhibits

198 Protiferation and Induces
Apoptosis of Lung Cancer Cells
Via Tatgeting FOFRY

foi- pancreatic cancer down | A Tumorigenic Factor

198 Intesactome Connected Through
Twmnor Suppressor MicroRNA-
198 in Human Pancraati
Cancer,

mii- pancreatic dnctal up MiR-21, mR-34a, nuR-198 and

198 adeno-carcinema miR-217 as diagnostic and
progrostic biomarkers for
chiro ncreatitis and
pancreatic ductal
adenocarcivomwa

mig- chondro-garcoma down | CCLS prowmotes vascuiar

1994 endothelial growth factor

expression avd induces
angiagenesis by dowo-
regulating miR-1992 io human
chondrosarconia cells.
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- gastric cancer up wR-199a regubates the tumor

199a suppre: mitogen-activated
protein kinase kinase kinase 11
in gastric canoer.

toir- hepato-cellniar dowa | IMicroPNA profiling in patisuts

199a CACINCMA with hepatecelhular carcinomaj.

- hepato-cellislar down | Circulating microRNAs as

1993 CALCINGINA biomarkers for hepatocelhular
Carcinea

mir- hepato-celhular down | Lentivirus-mediated

199%a carciroma overexprassion of microRMA-
1992 inhibits cell proliferation of
human hepatoceliular
; fofer)

uir- bepato-cellislar down | 1 99a regulates cel

1993 | carcinoma pwlifesation and survival by
targeting FZ1D7.

wir- kidvey cancer dowo | Re-expurassion of 0iK-399a

199a suppresses reval cancer ceil
proliferation and survival by
targeting GSK-37.

wir- vot-soall celllwog | down | MiR-199a suppresses the

199a | cancer hypoxia-induced proliferation of
non-smali celt kg cancer celis
through targeting HIF1?

1ir- Gvatian canoer down | Roles and Mecharism of miR-

199a 1994 and miR-£25b in Tumor
Anglogenesis

ix- cvarian cancer down | Micro-RNAs and ovarian

19%a

cancer: the state of ar and
peispectives of clirdcal msearch.
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- primary cos down | Differeutial micio-RNA

1993 Iymiphowas exprassion in primacy CN8S and
nodal diffuss largs B-call
Iymphomas.

toir- asophageal adeno- up MicioRNA 223 is Up-regulated

199a- { carcinoma in the Mulistep Progiassion of

3p Barrett's Esophagos and
Modulates Sensitivity to
Chemotherapy by Taigeting
PARPL

- gastric cancer down | MicicRNA-199a-3p 15

1993- downregulated in gasttic

3p carcinctoas and modulates cell
poliferation.

mix- P MiR-1992-3p promotes gastric

199a-~ cancer progression by targeting

3 ZHX1.

iE- glinma down | MicroRNA-199a-3p suppresses

199a- glioma cell profifesation by

3p regilating the AKT/mTOR
sigoaling pathway.

toir- kidoey cancer dowa | miR-199a-3p inhibits hepatocyte

199a- growth factor/c-Met signaling n

ip ena) Cancer Carcinoma.

wir- ostes-sarcoma dows | MictoRNA-1992-3p ts

199a- downregutated in hrman

3p osteosarcoroa and mgolates cell
proliferation and smigras

mir- OSteC-5arsena down -plasma miPNA

199a- 2 Serves as rovel

3p biomarskess for osteosarcoma.

0sten-sarcotma up Identification of a plastoa four-

wicroRNA panel as potential
nonitvasive biomarker for
ostensarcewa

mig- osteo-sarcoma down | Polveric vasoparticle-based

1992~ delivery of mictoRNA-1992-2p

3 inhibits prodiferation and growth
of osteosatcoma cells.

ix- papillary thyroid down | miR-19%9a-3p displays tumor

1992~ | carcinoma suppresser functions in papillaty

3p thytoid carcinoma.
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- tenat coll carcinoma | down | miR-1994-3p inbubits hepatocyte

199a- growth factor/c-Met signaling in

3p renal cancer carcingtoa

ir- cnlorctal cancer down | The deoxycholic acid targets

199a- miRNA-dependent CACT gene

Sp 1 i muktidrog
registance of buman coloractal
Cancet

- esophageal adeng up MicioRNA 223 is Up-regulated

199a- | carcinoma in the Multistep Erogression of

5p Barreit's haguos and
Modulates Sensitivity to
Chemotherapy by Targeting
PARPL.

mir- gastric cancer up Up-reguiated miR-1992-5p i

199a- gastric cancer fonctions a

Sp oncogene and targets klotho.

roi- hepato-celbalar down | Role of microRNA-199a-Sp and

199a- { carcinoma discoidin domain receptor 1 in

Sp human hepatocellular cawcinoma
nvasiov.

mii- hepato-celhular down | Identification of differentialiy

1992~ { carcluoma expressed microRNAs i tumas

Sp hepatoceliuiar adenoma
associated with type I glycogen
storage disease: a potential
utility as biowadsers.

fois- hepato-celbalar down | Dnorease of miR-19%a-5p by

199a- { carcinoma protoposphyrin 1X, a

Sp photocatalyzer, disectly inhibits
F2H3, sensitizing mesenchy viab
wmer cells to anti-cancer agents.

foi- chorio-carcinoima down

199h
protein lavels of SET (protein
phosphatase 2A inhibitor) in
heman chotiocarcinoma.

toir- follicular thyroid down | Differential rdBNA expression

199b carcinoma defines trdgeation and reduced
apoptosis in follicutar thyroid
Carcioewas.

wir- bepato-celllar dowo | PMictoRNA profiling in patievis

199b CAICINCMa with hepatecethular carcinomaj.

107




WO 2017/132552

PCT/US2017/015417

- down | Underexpressed mncroRNA-
199 CALCINGING geis hypoxia-
hepatoceliudar carcinoroa and
predicts proguosis .
hej 8
ez ] .
oif- DroSLale o down | MiR199b Suppresses Expression
199 of Hypoxia-Inducible Factos 17
(HIF-17) in Prostate Cancer
Cells.
- esophageal adeng up MicioRNA 223 is Up-regulated
199b- | carcinoma in the Multistep Erogression of
3p Barreit's haguos and
Modwiates Sensitivity to
Chemotherapy by Targeting
PARPL
foi- breast cancer down | MiR-199b-Sp targets HER2 in
199b- breast cancer cells.
Sp
wir- bepato-celbislar dowo | (dentification of differentially
199b- | carcinoma expressed microRNAs in human
Sp hepatoceliular adenoma
associated with type [ glycogen
storage disease: a potential
utility as biomarkers.
oir- wiedulioblastoma down | The micro-RNA 199b-5p
199b- regulatory cirenit involves Hesl,
S5p CO15., and epigevetic
modifications in
blastona.
wir- wesenchymal dows RNA Expression Profiles
199b- | cancer in Kaposi's Sarcotoa
5p
mir- up Expresston profile and clinical
199b- significance of icroRNAs in
5p papitlary thyroid carcitoma.
foix- b-cell bymphoma up MicroRNA miR-17-5p is
195 overexpressed in pancreatic

cancer, associated with a poor
proguosis, and involved in
cancer cell proliferation and
invagion.
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- bladder caucer up uR-1% acts as au ovcogenic

1% mictoRNA and is up-regulated
in bladder cancer.

ix- breast cancer up MicroRNA. expression prafiles

19a in henan braz cells
after musit ud single-
dose radiation treatment.

breast carcinoma up MiR-93 enbavces angiogenesis

anid retastasis by targeting
LATS2.

foi- cervical cancer Y] MicroRNA-19a and -19b

1% iegilate cervical carcinoma cell
pwlifesation and ivvasion by
iargeting CULS.

wir- cholangiocarcinoms | up wmiR-17-92 cluster promotes

192 cholangiocarcinoma growih:
evidence $or PTEN as
downstream target and I1L-
6/Stat3 as upstream activalor.

wir- colorectal cancer up MicroRNA expression profiting

1% of exfolisted colonocytes
isolated from feces for colorectat
CAfICeT SCreening,

ir- esophageal up

19a squamons cell

carcinonma

foi- gastric cancer Bp MicroRNA-192/b regulates

19 omitidrug tesistavee v aman
gastric cancer cells by targeting
PTEN.

toir- gasteic cancer up miR-19a Promotes Cell Giowth

1% and Tutnorigenesis thicogh

Targeting 30CAT in Crastric
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- gastric cancer up MiR-192/b modulate the

192 metastasis of gasiric cancer cells
by targeting the tumour
suppressor MXD1.

mix- gastric cances up MiR-19s promotes epithelial-

195 mesenchymal transition though
PI3K/AKT pathway in gastric
cancer.

foir- gastric cancer up MiR-19a prorastes epithelial-

193 mesenchymal transition thicugh
PBI/AKT pathway in gastric
cancer

mix- glioma up MiR-192 and miR-19b

19a Overexpression in CGlictoas.

mix- glioma up

19

mir- hung cancer up Apaprosis inducticn by antisense

19a oligomcieotides against mik-
£7-5p and miR-20a in bung
cancers overexpressing miR-17-
92

wir- bing cancer up MictoRNA mik-37-5p is

1% overexpressed in pancreatic
cancer, associated with a poor
prognosis, aud involved in
cancer cell proliferation and
invasiov.

wir- bing cancer up A pelycistionic microRNA

1% chuster, miR-17-92, is
overexpmssed in human long
cancers and enhances cel
proliferation.

i manile cell up The miRNA-17792

192 ymphora mediates ¢ ¢
enbiances tumor growth
manile cell lymphoma via
PRK/AKT pathway activation.

wir- wiedubo-biasioma up The miR-17/92 polycistron is

1% up-regulated in sovic hedgetiog-

driven medoliobiastomas and
induced by Netny ¢ in sonic
hedgehog-treated cercbeliar
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neneo-blastorma P

- non-small cell long up

192 cancer
of patients with non-swall cell
g cancer

foir- 0slen-sarcotma G Upregulation of mictoRNA-17-

19 92 cluster associates with
progression and progi
OSteNSACCo A

oir- down | MictoRNA-19a-3p inhibits

192 breast ¥ prog)

3p metastasis by induw
macrephage polarization
thioogh downregutatad
expression of Fra-1 proto-
ovcogens.

fois- b-cefl tymphoma G MicroRNA miR-17-5p is

19b overexpiessed in pancreatic
cangcer, associated with a poot
prognosis, and involved in
cancer cell profiferation and
invasion.

wir- breast caveer up MicroRNA expression profiles

190 in human breast cancer cells
after mmitifraction and single-
dose radiation. treatiment.

ir- breast carcinoma up MiR-53

19 and metas
LATSZ.

wir- cervical cancer up MicroR NA-195 and -19b

19

regulate cervical carcivota cell
proliferation and invasion by
targeting CULS.
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- cholangio- up wnR-17-92 cluster promotes

1% CALCINGING cholangiocarcinesia growih:
avidence for PTEN as
downstiearn target and IL-
6/Stat3 as upstream activ

oif- colotectal cancer up MicroRNA expiession profiling

19%b of exfoliated colovocytes
iselated from feces for colosectal
CANCEN Soresning.

- esophageal up

1% squarous cell

CArCInoa

mir- gastric cancer up MiR-19a/b modulate the

19 sis of gastric cancer cetls
by targeting the tumnour
suppressos MXDE.

wir- gastric cancer up MictoRNA-19%/b segilates

19 nultidrug resistance in bhuvian
gastric cancer cells by targeting
PTEN.

rois- glioma up miR-19a and miR-195

19 Gverexpression in Gliomas.

- fung cancer up A polycistionic mictoRNA

19h cluster, miR-17-92, is
overaxpressed in huwman tung
cancers and enhances cell
proliferation.

wir- bing cancer up sis induction by antisense

190 mclectides agatnst miR-
17-5p and (rdR-20a in fong
cancers gverexpressing mk-17-
92.

toir- hung cancer up MicroRNA miR-17-5p is

19 overaxpressed in pancreatic
cancer, associated with 8 poor
prognosis, avd involved in
cancer cell protiferation and
invagion.

wir- wianite cell up The mRNA-17792 cluster

19 Iymphoroa mediates chemoresistance and

anhances tumor growth in
mantle celi lymphoma via
PIK/AKT pathway activation.
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- wiedubo-biastoma up The miR-17/92 polycistron is

1% up-reguiated i sovic hedgabog-
driven meduliobiastomas and
induced by Netny ¢ in sonic
hedgehog-teeated cerebeliar

mir- C5tEC-SAFCCME up

1%

mix- bladder cancer down

2002

iE- breast cancer up Direct targeting of Sec23a by

200a miR-200s influence ioer cell
secictomne and promotes
metastatic colonizatiosn.

i breast cancer up MictcRNA-200a Promotes

200a Anoikis Resistance and
Metastasis by Targeting YAPI
in Human Breast Cancer.

mir- breast cancer down | mictcRNA-200a [nhibits Calt

200a Proliferation by Targeting
Mitochondrial Transcription
Factor A v Breast Cancet

ir- esophiageal adeng up Guastric adenocaicinoma bas a

200a CArCIIOING usique microRMNA siguatire not
present in esophageal
adenccarcinctoa

rain- escphageal cancer up Differential expression of

200a MmiRNAS in esophageal cancer
tissue.

foix- esophageal cancer up miR-200a/iniRk-141 and unk-

2008 205 upregulation vight be

associaed with hormone
receplor status and prognosis in
endometeial carcinomas.
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dowi.

Downregnlated sucroRNA-2002
promotes EMT and fuviox
growth theough the wat/beta-
catenin pathway by targeting the
E-cadherin repressors
ZEBY/ZEB? in gastric
adenocarcivema

PCT/US2017/015417

gastic
adenocarcinoms

down

Gastric adenccaminoma has a
wnigque nictoRNA signatuie not
presest tn esophag:
adenocarcinoma.

glioma

dowi.

MIR-Z00a impairs ghic
growth, intgration, au¢
by targsting SIM2-s.

v ASion

mir-

200a

hepato-celhular
carciroma

down

The histore deacetylase
4/SP1/microrna-200a regulatory
network contributes to abervant
histone scetylation in
he; i

bepato-cellislar
CATCINOIMa

down

potenttal diagnostic marker in
hepatocelhstar carcinoma?

wir-
200a

bepato-cellalar
carcinema

dowd

miR-2003 suppresses cell
growih and migration by
targeting MACCT and predicts
prognosis in bepatocelbular
carcinoma.

ir-

200a

bepato-cellilar
CArCIIOING

down

MictoRNA-200a suppresses
metastatic potential of side
poputation cells in huwman
hepatoceliuiar carcivema by
decreasing ZEB2.

tung adeno-
carcinoma

down

miR-200 Inhibits long
adenocarcincroa cell invasicn
and netastasts by targeting
FHINVEGER]T.

ix-

200a

malignant
melanota

up

MicroRNA-200 family wembers
differentially rogolate

mworphol plasticity and
mode of melan cell
VASIoT.
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WISHINIONA

dowi.

Dowuregalated microBRNA-20
in meningiomas promotes tuwoer
growth by reducing E-cadherin
and activating the Wav/bela-
calenin signating pathway.

i)
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ix-

200a

masen-chy tmal
cancer

down

MicroRNA. Expression Profiies
in Kaposi's Sarcoma.

weuro-blastoima

dowi.

R-2004 inhabits funos
puolitesation by tatgating AP-27
in reuroblastoma cells

non-smatl cell tung
cancer

up

MiR-2002 enbances the
migrations of A549 and SK-
MES-1 cells by regulating the
expression of TSPANI.

ovarian cancer

Upregntation of mictoRNA-
2002 associates with tumor
proliferation, CSCs phenotype
and chemosensitivity it ovanan
cauger.

ovatian cancer

down

A miR-200 micioRNA cluster as
prognostic marker in advanced
ovarian cancer.

foi-
2002

pancreatic ductal
adeno-carcinoma

down

XMDR-92 [nhibits Pascreatic
Tumor Xewograft Ciowth via
DCLE1-Dependent Mechaniso.

mir-
200a

renal cell carcinera

down

Tumor suppressive microRNA-
2003 inhibits renal cell
carcinoma development by
directly targeting TGFB2.

f0is-
200b

astiocytonia

down

Prognostic value of coexisience
of abnormal expression o
micto-RNA-200b and cyclic
adenosine monophosphate-
respotsive element-bivdio
protein 1 in fuman s

YOCYLoma,

bladder cavcer

dowo

£
Usine of Patients
Cancer.

gssion of microRNAg in the

With Bladder

breast cancer

up

Direct targeting of Sec23a by
miR-200s influences cancer call
sectetotmne and promotes
metastatic colonization.
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- b dowi.
200b 2006 (miRNA
Transcriptional Regulators
ol Anc
ir- breast cancer down Ob as a pognostic factor
200b in breast cancer targets mmuitiple
menbers of RAB family.
- cholangio- down | Direct targeting of
200b CALCINGINA Z12UYROCK? by waR-200b/c
inhibits cholangiocarcinoma
meurigenesis and metasiasis,
mix- colorectal cancer P nictoRNA-2005 and
200h microRMA-200¢ promaie
colorectat cancer cetl
proliferation via targeting the
ieversion-inducing cysteine-rich
potein with Kaza) motifs.
roi- endoroeinal cancer | up MicroRNA-200b is
200b overexpiessed in endometrial
adenocarcivewas and enhances
MMP2 activity by
downreguiating TIMP2 in
human endormetrial cancer cell
line HEC-14 cells.
ir- esophageal down | miR-200b supprasses
200b | squamous cell invasiveness and modulates the
carcinonma cytoskelotal and adhesive
machivety inesophagesd
squamons celd carcinoma celis
via targating Kindlin-2.
foi- gastric cancer B MicroRMA-200b Regubates Cell
200h Protiferation, Invasion, avd
Migration by Directly Targeting
ZEBY in Gastric Carcinooa.
mir- gastric cancer down -200¢ as
200b and mediators
ncer cell
progression.
- glioma down | muR-200b as a progrostic factor
200b targets multiple members of
RAB famiy in glicwa
wir- glioma dowo | Decreased expression of
200b mictcRNA-200b is an

independent unfavarable
erostic factor for glioma
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- glioma down | [uB-200b suppresses glioma
cell invaston by targetiog
PROMI]

toir- hepato-cellniar dowa | The microRNA-200 family-A

200b CACINCMA potential diagnostic marker i
hepatoceliutar carcinoma?

down | mR-200 Inhibits by
adenocsarcivema HVASico
and metastasis by targeting
PRI/ VEGFRL
malignant P MicroRNA-200 family wembers
melanoma differentially regulate

morphological plasticity and
mode of melanoroa celi
BVAsion.

mir- masenchymal down | MicroRNA. Expression Pifiies

200b | cancer in Kaposi's Sarcoma.

ir- vaso-pharyngeal down | miR-200b Suppresses Cell

200b CALCINGIMa Growth, Migration and [avasion
by Targeting Notch} in
Masopharyngeat Cawcinoma.

foi- ovatian cancer down | A miR-200 mictoRNA cluster as

200h prognostic marker in advanced
ovarian cancer.

mir- pancreatic ductal down | XMDE-92 Inhibits Pancreatic

200b adeno-carcinoma Tuinor Xenograft Growih via
DCLKL-Dependent Mechanism,

mig- rostate caveer down | miR-200b suppresses cell

200h preliferatios, wigation and
enhances chemosensitivity in
prostate cancer by tegulating
Bmi-1.

toir- ‘prostate cancer down | miR-200b inhibits prostate

200b carcer EMT, growth and
metastasis.

todr- tngue cancer dowa | MiR-200b and wiR-1 5 regulate

2006

chemotherapy-induced
epithelial-mesenchy mal
transition in human tongue
cancer cells by fargsting BMIT .
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bladder caucer down | Expression of sucroENAs in the
ine of Patients With Bladder
Cancer.
ir- breast cancer up Direct targeting of Sec23a by
200c miR-200s influences cancer cell
secietomne and promotes
metastatic colomization.
down | MiR-Z00¢ supp o TCE-?
sigoaling asd counteracts
trastuzimab msistance and
metastasis by targeting ZNF217
and ZEB1 in breast cancer.
toir- cholangio- dawn | Divect targeting of
200¢ carcinema SUZ12/ROCK? by miR-200b/c
inhibits cholangiocarcinoma
HMou and 1
colon cancer down | miR-200¢ inhibits invasion and
migration in human colon cancer
cells SW4E0/620 by targetivg
ZEB1
mi- colon caveer up The roles of muR-200¢ in colon
200¢ cancet and associated molecutar
mechanists
ir- colorectal cancer down | miR-200¢ inhibits invasion and
200¢ migration in hunan colon cancer
cells SW4E0/620 by targetivg
ZEB1
mir- coloracial cancer up MicreRNA-200¢ modolaies
200c epithelial-o-roesenchy mai
transition (EMT) in human
colorectal cancer metastasts.
foix- colorectal cancer up Plasroa miR-200¢ miR-18a

as potential biowarkers for the
detection of colorectal
carcinoroa.
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- colorectal cancer up imicroRNA-200b and

200¢ mictoRNA-20 romote
colorectal cancer cell
proliferation via targeting the
reversion-inducing cysteine-rich
protein with Kazal wiotifs.

ix- endometrial canoer up The interactions betwesn

200c MicroRNA-200¢ and BRD7 in
endouetsial carcinoimng.

- gastric cancer down | mR-200b and miR-200¢ as

200¢ proguostic factors and viedistot
of gastric cancer cell
progressinn.

mir- gastric cancer down | The downrzgulation of miR~

200¢ 200¢/141 promotes ZEB1/2
expression and gastrc cancer
progression

mii- head and neck down | MicroRNA-200¢ aitevuaies

200¢ sauamons cell tmour growth and metasiasis of

carcinema prasunptive head and neck.

squamous cell carcinoma stem
cells.

rois- hepato-celbalar down | Exprassion of microRNAs, miR-

200¢ carcinoma 21, riR-31, miR-122, miR-£45,
miR-146a, miR-200c, miR-221,
miR-222, avd 3in
patents with hepatoceilular
carcincroa or intiahepatic
cholangiocaicinoma and its
PIOEHO

f0iy- epato-celhilar down | Exprassion Profile of

200¢ carcinonma MicicRNA-200 Family
Hepatocetbslar Carcinoma With
Bile Duct Tumer Torowhbus

foix- g adeno- down | miR-200 Inhibits lung

200¢ carcinoma adenocarcinoma cell invasion
and metastasis by targeting
FliI/VEGFRI.

toir- mabigrand up MicroRNA-200 faroify members

200¢ melanoma differentiaily regulate

moxphological pla
mode of melavowa cell
invasion
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wialignant down | Differential expression of
melanoma mictoRNAs during welanoma
prograssion: mik-200¢, mik-205
and miR-211 are downregelated
in roelanoma and act as tamous
SUPPEESSOTS.
ix- malignant down iP.-200¢ Inhibits Melanoma
200¢ melanotng Progressicn and Drog Rasistance
through Down-Regulation of
Bmi-t.
wialignant down | mR-200¢/Bmid axis and
melanoma iy mal
transition contribuie to acquited
resistance to BRAF inkibitor
treatmet.
foi- mesen-chy mal down | MicroRNA Exprassion Profiles
200¢ caneer in Kapost's Sarcoma.
voun-swiall cell luug | up Expression of microRNA mik-
cancer 326 and wik-2 associated
with progoosts (o pattents with
non-small cell hung cancer.
rois- non-smabl cell kung | up High expression of serpm miR-
200¢ { cancer 21 and tumor miR-200¢
associated with poot prognosis
in patients with bing cancer.
foi- ovatian cancer down | A miR-200 mictoRNA cluster as
200¢ prognostic marker in advanced
ovarian cancer.
f0iy- ovatian cancer down | Restoration of miR-200¢ to
200¢ ovarian cancer teduses tmor
burden and iucieases seusitivity
10 paciitaxel.
foix- ovatian cancer up ial microRNA

tutes and cell
type-specific association with
Taxol meistance in ovarian
cancer cells.
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Gvariagn cancer

wR-200¢ modulates ovarian
cancer cell metastasis potential
by targeting zing finger E-box-
binding homecbox 2 (ZEB2)
SXPIESSION.

PCT/US2017/015417

pancieatic ductal
adeno-carinoma

dowo

XMDR-92 Inhibits Pancreatic
Tumor Xenogeaft Growth via
DCLKI-Dependerd Mechanism

rectal cavger

up

The quantitative avalysis by
stem-toap real-time PCR
revealad the mictoRNA-34a,
mictoRNA-155 and mictoRNA-
200¢ overexpiession in huiman
colorectal cancer.

renal clear cell
carcrnoma

down

miRNA profiling for clear cefl
enal cell carcinoma: biomarker
discovery and identification of
potential contrals and
consequences of MIRNA.
dysregutation.

wenai clear cell
carcinema

down

CGenome-wide mictoRNA
expression profiling in renal cetl
carcinotoa. sigaificant down-
regulation of iniR-141 and ik~
200¢.

follicular
Iymphowa

down

Targetome profiling, pathway
anabysis and genetic association
study implicaie miR-202 in
Iymphomagenesis

bepato-cellalar
carcinema

down

miR-202 suppresses cell
pwliferation in butoan
hepatocelhufar carcinoma by
downiegulating LREPS post-
transciiptionally.

colorectal
carcinoma

down

MicroRNA-Z0
Protiferation by Targeting
Kibosylation Factor-like 5
Homan Colomctal Carcinoma.

gastric cancer

down
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mix- basal cell down | MicroRNA-203 functions as a

203 CArCInoIR fumor suppressor in basal cell
carcinoma.

bladder caucer down | microRNA-203 suppresses

bladder cancer development by
repressing bol-w exprassion

- bladder cancer down | Curcuroin modudates

203 mictoRNA-203-mediated
regilation of the Src-Akt axis in
bladder cancer.

mix- bladder cancer up Micro-RNA, profiling ta kidney

203 and bladder cancers.

todr- breast cancer up Arndi-miR-203 Upregulates

203 SOCE3 Bxpression in Breast
Cancer Cells ard Enhances
Cisplatin Chemosensitivity .

toir- cervical canoer down | miR-203 Suppresses Tumor

203 Growth and Angiogenesis by
Targeting VECGHA in Cervical
Cancer.

mi- cervical cavcer down | BANEL [s Dowwregniated by

203 RE-Regulated MicioRNA-203
in Cervical Cancer

wir- colorectal cancer up Association of microRMNA

203 exprassion with microsaiellite
instability status in colorestal
adenocar

- colorectal cancer down | MiR-20:

203 Upregulation in Colo

Cancer and s Ove
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esophageal ad down | Deciphenng the Usigue
CALCINGING MicroRNA wiuie iv Bunas
Esophageal Adenocarcinama.
iE- esaphageal cancer up Alteration of mdRNA Expression
203 Correlates with Lifestyle, Soctal
and Environmental
Determynants i Hsophagea)
Carcinoma.
toir- asophageal cancer dowa | MiR-203 suppresses tumaer
203 arowth and invasion and down-
reguiates MiR-21 expression
through ng Ran in
esophag: er.
foi- 2sophageal cancer down | miR-203 inhibits the
203 proliferation and self-renewat of
esophiageal cancer stem-tike
cells by suppressing stem
renewal factor Bri-1
mii- esophageal down | MicroR N/
203 sauamons cell proliferstion by tepress
carcinema TNpG3 expression in human
esophageal squamous cell
carcinoma.
rois- 2sophageal down | miR-203 is a Diract
203 sguamnons cell Transcriptional Target of E2F1
CALCINGIMa and Causes G1 Arcest in
Eisoptiageal Cancer Cells.
wir- glioma dowo | MicroRNA 203 Modulates
203 Glioma Cell Migration via
Robol/ERK/MMP-¢ Sigraling,
toir- hepato-celluiar down | miR-203 inhibits proliferation of
203 carcinoma HCC cells by targeting swrvivin,
i hypo-pharyngeal up Effect of microRNA-203 on
203 cancer tunor growth in husnan
hypopharyngeal squamons celd
carcinoma.
wir- kidoey cancer dowo | miR-203 inkubition of tenal

203

cancer cell profiferation,
migration and iovasion by
targeting of FGF2.
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k- sguarons | down | MiR-203 is dowaregalated in
203 cel carcinoma latyngeal squavious celt
carcinoma and can suppress
proliferation and induce
apoptosis of tumouis.
0if- fung cancer down | miR-203 Suppresses the
203 Proliferation and Migiation and
romnotes the Apoptosts of Lung
Cances Cells by Targeting SRC.
bing cancer dowo | The expression and function of
mictoPNA-203 in hung cancer.
toir- matignant down | Analysis of microRMA-203
203 melanoma function in
CREB/MITF/RAB27a pathway
compartson between canine aod
homan melanoma cotls.
foi- malignant down | MiR-203 inhibits melanoma
203 welanora invasive and poliferative
abilities by targetivg the
polycomb group gene BMIE.
mir- malignant down | Anti-oncogenic MicroRMA-20
203 welanoma Induces Senescence by
Targeting E2F3 in Human
Melanowa Cells.
toir- matigrant down | MicroRNA-203 inkibits
203 melanoma matignant melanoma cetl
migration by targeting versicau.
i pancreatic adeno- up MictoRNA-203 expression as a
203 CArCIIOING marker off
pancreatic cancer down | miR-203 tehibits tuwior cell
migration and tovasion via
caveolin-1 in pancreatic cancer
cells.
- pancreatic ductal up Circuiating MictoRNAs in

203

adeno-carcinoma

Serom of Human
Gucogene Transgenic Rats With
Pancreatic Ductal
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Adenocarcinomas.
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prostate caveer

down

MiR-203 dowo-regulates Rapla
and suppresses cell protiferation,
adhiesion and invasion in
prostate cancer.

prostate cancer

down

Loss of EGFR signaling
regudated miR-203 prowmotes
prostate cancer bone metastasis
and tyrosine kivase tnhibitors
mesistance.

dowi.

miR-203, a tumor suppressor
frequently down-wegulated by
prowoter hy perety laton in

Riabdotaycsarcotna.

squarous
carcinonma

down

MicroRNA expression prof
of esophageal cancer.

Squamous
carcinonma

up

Unigee MicroRNA Exprassion
Profiles in Cervical Cancer.

wenal cedl carcinoma

5

miR-20%2 regwates

ration, migration, and
apoptosis by targeting glycogen
synthase kinase-3? in huroan
renal cell carcinoma.

gasttic cancer

dowgo

MiR-204 down regniates SIR'T'L
and reverts STRT1-induced
epithelial-mesenchy roal
transition, & 1$ vesistance and

glioma

down

04 expression
igration and
ike phenotype.

stein cel

viadignant
melancma

dowo

Regnlation of cancer aggressive
features iv melanoma cells by
microRNAS.
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k- aso-pharyngeal down | Down-regulation of tiHNA-204

204 Carcinoma by LMP-1 evhances COCA.
activity and facilitates invasion
of EBV-associated
nasopharyngesl carcinoma cells.

- non-small cell long down | miB-204 functions as a tomor

204 cancer suppressos by ating SIXE
NSCLC

foii- non-smabl cell lung | down | MiR-204 inhibits haman

204 CANCEr NSCLC metastasis thiough
suppression of MUAKL

toir- 0SLS0 -SArCOMA down | MicioRNA-204 inhibits

204 pmliferation, migratior,
invasion and epithelial-
mesenchymal transition in
osteosarcoma cells via targeting
Sirtuin 1.

wir- prostate cances up Mechanisws and fHimctional

204 consequences of PDEF protein
axpressicn loss during prostate
Cafcer progression.

toir- tenal clear cell down | VHL-regutated MiR-204

204 carcinoma suppresses tumor giowth
thiongh inhibition of LC3B-
mediated autophagy in renal
clear cell carcinoina,

foix- retino-blastoma down | MiR-204, down-regulated in

204 i Lo, tegulates
pwoliferation and ivvasion of
human retinoblastoma cells by
targeting CyclinD2 and MMP-9.

i hepato-celhudar down | Growth intibition of

204- CANCINING hepatoceliul: cinowa tumor

3p endothelial cells by mik-204-3p
and nndestying mechamsimn.

- colorectal cancer up miR-204-5p expression it

204~ colorectal cancer: an autopbagy-

S5p associated gene.
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i colorectal cancer dowi.

204- atton and Invasion and

5p Enhances Chematherapenuti
Seunsitivity of Coloractal Cancer
Cells by Dowraegulating
RAB22A.

foix- gastric cancer down | MicroRNA-204-5p inhibits

204- gastric cancer cell prolifesation

Sp by downreguating VSP47 and
RAB22A.

mie- papilaty thyroid down | muR-204-5p suppresses ceit

204- CArCInoa proliferation by ichibiting

Sp IGFBPS in papillary thyroid
carcinoroa.

mir- bladder cancer up Micre-RNA. profiling in kidney

205 and bladder cancers.

bladder cancer down | Expression of uncroBENAs in the

208 Drine of Patients With Bladder
Cancer.

wir- breast caveer dowo | Suppression of cell growth and

205 invasion by miR-203 in breast
cancer.

fois- breast cancer down | Aralysis of miR-205 and fmiR-

205 £55 expression in the blood of
bieast cancer patients.

mir- breast cancer down | miP  affects infiltration

205 and metastasis of treast cancer.

foix- breast cancer up Role of microRNAS -29b-2, -

205 135, -3197 avd -205 as diagnosti

3

binmarkers in serum of braas

cancer fomales.
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cervical cancer

Serusm mcroRNA-205 as 2
novel bicwarke
cancet patients.

PCT/US2017/015417

cervical cancer

piession Proimotes
toditeration and Migration
of Huroan Cervical Cancer
Cells.

cervical squamous
cell carcinema

miRMAS expression profiling to
wish hung squamous-cell
notoa from adencoarcine g
htypes.

® o
2

endowmetsial cancer

miR-203 prowmotes tumor
pwliferation and ivvasion
throngh targeting ESRRG in.
endometrial carcinoma.

wir-
205

endoweisial cancer

down

MiR-205 iohibits cell apoptosis
by targeting phosphatase and
tensin homolog deleted on
chiomosome tes in endometnial
cancer Ishikawa cells.

rois-
205

asophageal cancer

up

Alteration of mRNA Fxpression
Correlates with Lifestyle, Soctal
and Environmental
Determinants in Bsopbageal
Carcinoma.

foi-
205

esophageal cancer

up

miR-200a/iR-141 and mik-
205 upregulation night be
assaciated with hormone
receptor status and prognosis in
endomietrial carcinoinas.

gastric cancer

down

Dowrn-regulation of MictoPNA-
205 promotes gastric cancer cell
proliferation.

glioma

down

Identification of mictoRNA-205
as a potential prognostic
indicatot for liiman glioma.

glioma

down

MicroRMNA-205 functions as a
HIMOT SUPPTessor tn hwman
biastoma cells by targeting
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hiead and veck dowi. -level expression of
SOUANT mctoRNAs tet-73 and mik-2
CArCInoa are prognostic markers of head
and neck squarocos o2it
CAICINCroa.
hepato-cellniar daowa | MiR-205 modulates abnormal
Carcinoma Itpid metabolism of hepatcroa
cells via targeting acyl-CoA
synihetase long- family
merher 3 (ACSL) mBRNA.
down | Hepatitis B virus X protein
carcioma SUPPIEssos milk-
b inducing
wlation of wdR-205
promoter 16 enhance
carcinggenesis.
kidvey cancer down | MicroRNA-203 inkibits Sre-
mediated oncogenic pathways in
renal cancer.
{aryngeal squamsous | down | MicicRNA-205 suppresses
celt carcinoma pwoliferation and promotes
apoptosis in Jatyngeal squamons
cell carcinoma.
hang cancer up Evatuation of dynamic change
of serim niR-2 L and miR-24 in
pre- and post-operative lung
carcivewa patients.
bing cancer up miR-205 regulates A549 cells
piohiferation by tatgeting PTEN.
malignant down
melanomas
indices sen
regulation F1 proteir
down | Differential expres <

wielanowa

microRMAs during
pogression: miR-200¢, miR-203
and dR-211 are dowraegulated
in mefanoma and act 2s tumooer
SUPPEESSORS.
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wialignant dowi. ically Modified Synthetic
melanoma NA-203 Inhibits the
rawth of Melanora Cells [o
Vitzo and In Vive,
non-smatl cell tung | up Prognostic value of manise
205 cancer microRMA-21 and microRMNA-
203 overexpession in nou-small
cell long cancer by (uantitative
eal-time RT-PCR.
foir- aot-stmall cell lung | up miR-205 promotes the growtk,
208 caneer metastas chemoresistance
of NSCL Is by targetiog
PTEN. el e
- Gvarian cancer up The role of miR-205 in the
208 VEGE-mediated prowotion of
human ovarian cancer cell
invasion
wir- prostate cances dowo | miR-203 js freguently
205 downregulated in prostate cancer
and 2Cts as & tMor suppressor
by inhibiting tunor growth.
ir- prostate cances down | Polycomb protein EZE2
208 suppresses apoptests by
silencing the proapopiotic wik-
3L
fois- down | MicroRNA-203 inkibits canc
205 cell migration and invasion
modulation of centromere
protein ¥ regulating pathways o
prostate cancer.
foi- nrostate cancer down | Downregulation of mil-205 and
205 miR-3  consers resistance 1o
chematherapy-induced apopiosis
s
wir- prostate cances dowo | Epigenetic- wptession of
205 mictcRNA-203 is associated
with MED activation and a
pooter progoosis i localized
postate cancer.
prostate cancer down | MicicRNA-205, a novel

regudatos of the auti-d SHc
protein Bel2, is downregniated
in prostate canger.
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wenat cell carcinoma | down | miRNA-205Is a Caudidate
Tumor Suppressor that Targets
ZER2 in Renal Cell Caminoma.
foix- squamous down | MicroRNA expression profiles
208 carcinoma of esopd al cancer.
mir- non-smalt cell lung | up Retative expressions of miR-
205- cancer 205-5p, miR-205-3p, and miR-
3p PARTINE serum of non-
simait ced) lung cancer patie
vou-stiall cell luug | up Retative expressions of miR-
cancer 2035-5p, miR-2035-3p, and vik-
2% in tissues and sevwm of non-
smail cell fung cancer patients.
wir- breast caveer dowo | miR-2086 js dowo-regnlated iv
206 breast cancer and inhibits cell
proliferation through the up-
regilation of cychinDZ.
clear cell venal cell | down | Explonng the miRNA-mRENA
cancer regutatory vetwork i clear cell
renat cedl cawcinomas by next-
generation sequencing
expression profiles.
wir- colorectal cancer dowo | microRMA-206 stienuates tumot
206 pooliferation and tigeation
involving the downregubation of
NOTCH3 in colosectal cancer.
1ir- gastric cancer down | MictcRNA-206 suppresses
206 gasiric cancer cebl growth and
metastasis.
wir- gastric cancer dowo | Activation of PAX3-MET

pathways due to piR-206 loss
PIGL stiic cancer
metast
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- gastric cancer down | MiR-206 inhibits gastnc cancer
puwolitesation in patt hy
mpimssing CvclinD2,

ix- gastric cancer down | Downregolation of miicroRNA-

06 206 is a potent prognostic

s atients with gastric
cancer.

hepato-cellniar dowa | MicroRNA-206, down-regutated

carcinoma in hepatocelular caminoma,
soppresses cell proliferation and
prowotes apoptosis.

hepato-cellular down | MicroRNA-206, down-regulated

carcinona in hepatocetlolar carcinoma,
suppresses ceil proliferation and
PIOLastes apoptosis.

fois- laryngeal squatoces | down | Dowan-regulation of MiR-206

206 cell carcinoma prowotes proliferation and
invasion of laryugeal cancer by
regniating VI expression.

f0iy- down | MicroRNA-206 induces G

206 wielanoma arrest in melanowa by inbibition
of COK4 and Cyclin D.

foi- medulio-biastoma dowen | MiR-206, a Cerebeltuim

206 Enriched miRNA s
Downregulaied in All

1oma Subgroups and
exprossion [s Necessary
swih [nbubition of
Meadulloblasioma Celis

i sral sqoamons cell down as a Wmor

206 CArCINGING suppressor and directly targets
K-Ras in buwan oral squamons
cell carcinoma.

foix- esophageal up Mir-208 promotes cell

208 suamons call preliferstios by repressivg

CArcinema SOXG6 expression io yman

esophageal squamous cell
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k- acute myeloid down 17 dowsreguiates miR-

205 lenkemnia i ;targeting p2l
and 8TAT3: arole in myeloid
leokenic cell differentiation.

foir- b-cell bymphoma up MicroRNA miR-17-5p is

20a overaxpiessed in pancreatic
cancer, associated with 4 poor
prognosis, avd involved in
cancer cell prokiferaion and
invasion.

wir- breast caveer up Diagoostic potentiat of PTEN-

202 rargeting miR-214 in the bleod
of bieast cancer patients.

foix- breast cancer up MicroRMA expiession profiles

205 in taras breast cancer cells
afier multifraction and single-
dose radiation wreatment.

i breast carcinoma up MIR-93 enhances angiogenesis

202 and metastasis by targeting
LATSZ.

wir- cesvical cances up miR-20a promotes wigration

Z0a and invaston by tegulating
TNKS? in human cervical
cancer cells.

toir- cervical cancer up Circutating miRNA-202 and

203 iR NA-203 for Scieening
Lymph Node Metas in Early
Stage Cervical Ca

cervical cancer up MiR-20a promotes cervical

cancer pioliferation and
metastasis in vitee and in vivo.
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8 cholangio- up wnR-17-92 cluster promotes
02 CALCINGING cholangiocarcinesia growih:
avidence for PTEN as
downstiearn target and IL-
6/Stat3 as upstream activalor.
ix- colorecial cancer up MicroRNA. signatures: navel
20a biomarker for colox
oif- colotectal cancer up MicroRNA expiession profiling
208 of exfoliated colovocytes
iselated from seces for colosectal
Cancer scresning.
iE- esophageal up
20a squamons cell
carcinonma
esophiageal up Expression of circulating
Z0a squamous cel mictoRNA-20a avd let-7a in
carcluona esophageal squamous cell
carcinoma.
mir- gastric cancer up Invelvement of mi
20a Prototing Gastric
Progression by Targeting Easly
Growth Response 2 (EGR2).
foi- glioma B iExpression of miR-20a in
20a huian ghicta tissnes and its
effact on the proliferation of
human ghicma ceils in vi
mir- hepato-celiular down | Decrease expression of
20a carciao g microRNA-20a protiotes cancer
cell profiferation and pradicts
poor survival of hepatocetlulax
carcioowa
i hepato-celhudar up MiR-20a Induces Cell
202 CANCINGING Radioresistance by Activating

the PTEN/P(3K/Akt Signativg
Pathway in Hepatocetintar
Carcinoma.
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fung

o
8
&
o
11

MicioRNA sB-17-5p is
overexpressed i pancreatic
cancer, associated with a poor
progrosis, and involved in
cancer cell proliferation and
IVASIOn.

PCT/US2017/015417

hung cancer

up

A polycistronic micraRNA
closter, niR-17-92 i
overexpiessed in buiian king
cancers and enhances cell
proliferation.

hung

o
8
&
o
<

Apoptosis induction by antisense
oligonucieotides agatnst miR-
17-5p and mdR-20a in hung
cancers overexpressing miR-17-
92.

malignant
melanoa

up

Altered expression of selected
mictoRNAS in melaroma:
antiprodiferative and
proapeptetic activity of miRNA-
135,

wialignant
melanoma

down

Differential regulation of
aggressive features iv melanoma
cells by mewhers of the miR-17-
92 complex.

wantke cell
iymphota

up

‘The mRNA-17792 cluster
mediates chemoresistance and
enhances tomor growth in
mantle cell lymphowa via
PBIV/AKT pathway activation

wedullo-blastoma

The miR-17/92 polycistron is
up-regulated in sovic hed,
driven medulloblastomas snd
induced by N-myc in sonic
hedgehog-treated cerebeliar
neural precisrsors.

paso-pharyngeal
cancer

up

Circuiating ndR-17, miR-20a,
miR-29¢, and miR-223
Corobined as Non-Invasive
Biowarkers in Nasopbatyngeal
Carcinoma.

GStes-sarcoma

up

Uptegudation of roicroRNA-17-
92 chus sociates with tumor
pregression and progaosis in
OSte0sarcoma.

al

OVarian cancer

miR-20a promotes proliferation
and invaston by targating APP in
human ovarian cancer cells.
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Gvariagn cancer up Gvarian tumor

mpctoRNA-2
natural killer cell cytotoxicity by
downregutating MICA/B
2XPIESSION.

toir- pituitaty carcinoma | up MicoRNA involvement it a

202 metastatic non-functioning
piteilary carcinoma.

oif- ‘prostale canser up miR-20a promotes Prostaie

20a cancer ivasion and migration
thinugh targetiog ABL

mir- coloracial cancer up Asseciation of mictePNA

20a- expression with microsatellite

Sp inistability status in colorectal
adenocarcivema

breast cancer up MictoRNA-20b promotes celk

growth of breast cancer cells
paitly via targeting pbospbatase
and tensin bomotogue (PTENM).

wir- bepato-celbislar up Crucial Role for Early Crowth

20b Carcinema Response-} in the
Transcriptional Regulation of
mitR-20b in Breast Cancer.

foi- adrenal coriical B The role of microRNA

21 cascinoma deregniatiov in the patbogevesis
of adrenocortical carcinoma.

toir- breast cancer up Next-generation sequercing of

21 microRNAs for breast cancer
detection.

wir- breast cavcer up Quantitative Measurewient of

21

Seruo MicroRNA-21
ston in Relation to Bieast
or Metastasis in Chinese
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b up Diaguostic potestial of PTEN-
21 Tar g miR-214 tn the bleod
of bizast cancer pattents.
toir- braast cancer up Tissue specific expission of
21 extraceibular microRMNA in
human breast cancers and
normal human breast tissue in
vivo
b up Differential expiession of mil-
21 -125b aud miRk-193 in
hreagst cancer tissue.
toir- breast cancer up BMP-6 inhibits roicroRNA-21
21 exprassion in breast cancer
through repressing deliaEF1 and
AP-f.
breast cancer up Circulating microRNA-92a and
mictoRNA-21 as novel
mtrimaily invasive biomarkers
for primaty breast cancer
ir- breast cancer up Up-~reguation of toik-21 by
21 HERZ/neu signaling promotes
cell iwvasion.
uir- breast cancer up The Regulation and Function of
z1 miR-21-FOXO38-miR-34b/¢c
Siguating in Breast Cancer.
foix- ast cancer up MicroRMA-21 regulates breast
21 cancet invasion partly by
rargeting tissue trhibitor of
metalioproteinase 3 exprassiof.
toir- breast cancer up Combination of miR-21 with
21 Circuiating Tomor Cells
Markers Improve Dnagunostic
Specificity of Metastatic Breast
Cancer,
foix- cervical cancer up Overexpression of miR-21
21 prewetes the proliferation and

migration of cervical cancer
cells via the inbibition of PTEN.
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cervical carcinoima up MicioRNA-2{ promotes cell
21 prolifesation and down-tegulates
the expression of programumed
cell death 4 (PDCD4) inHela
cervical carcinoma cells.
ix- cholangic- up MicroRNA-21 is cverexpressed
1 clroma in henan cholangiocacinoma
and regulates programined cell
death 4 snd tissne inbibior of
metaliopimieinase 3.
cholangio- up PTEN and PDCD4 aie bona fide
21 CALCINGINA targets of microRMNA-23 in
human cholangincarcinama.
toir- cholangio- up miR-21 Targets 15-PGDH and
21 carcinema Promotes Cholangiocarcinoma
Growth.
cholangio- up miR-2 1 Inhibition Reduces
CATCINOMa Liver Fibrosis and Prevents
Tumor Development by
Inducing Apeptosis of CD24+
Progenitor Ceils.
mir- colon cancer down | miR-Z} and mik-145
21 cooperaticn in regulation of
colon cancer stewm cells.
wir- colorectal cancer up Expression of mik-21, wik-31,
21 miP-96 and mik-135b is
corelated with the clinical
meters of colorectal ¢
foix- colorectal cancer up MiR-2 1 regulates biologic
21 bebavior through the PITEN/PL3
K/Akt signaling pathway in
human colorectal cancer cells.
colorecial cancer up MicroRNA. exprassion profiling

of exfoliated colonccytes
isclated from feces for colovectal
CANCES SCEORIng.
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21

colorectal cancer

Cizculating Exosomal
mictoRNAs s Biowatkets of
Colon Cancer.

PCT/US2017/015417

colorectal cancer

up

Detection of mik-92a and mik-
21 i stook samp! potential
screening biowadsers for
cokorectal cancer and polyps.

colorectal cancer

Correlation of over-expressions
of miR-21 and Notch-1 in
human colorectal cancer with
clinical stages

toir-
21

colorectal cancer

cizased expression of
microPNA-21and its association
with chemotherapeutic response
in bumas colosectal cancer.

roi-
24

colorectal cancer

up

MicroRNA-21 contiols hTERT
via PTEN i human colorectal
cancer cell praditeration.

wir-
21

colorectal cancer

up

Clinteal correlations of miR-21
expression in colorectal cancer
patients and effects of its
inhibition on DLDT colon
cancer cells

fois-
24

colorectal
carcinonma

up

Altered levels of the onco-
microRNA 21 and the tumos-
supressor uicrolNAs £43 and
145 in advanced tectal cancet
indicate successful necadjuvant

chetroradiotherapy.

wir-
21

large B-ceit

up

ton of miR-23 Induces
ical and Bebavioral
Alterations in Diffose Large B-
Celt Lymphoma.

toir-
21

andoroeinial cancer

up

noreased maspin
on cotresponds with up-
regudation of niR-21 in
endovietsial cancer: a

litoinary report.

foix-
21

esophageal cancer

up

pression of miR-21 and
miR-373 predict piogoosis of
esophageal cancer.
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esophageal cances up Diaguostic values of s
3 versus and plasma wicroRk D
21 for eacly esophageal cancet].
toir- asophageal cancer up Alteration of mIRNA Expression
21 Coerrelates with Lifestyle, Social
and Environimerdal
Determnants in Esopbageal
Caictnoma.
toir- esophageal up miR-21 Down-Regulaticn
21 squartous cell Suppresses Cell Growth,
carcinoma Invasicn and Induces Cetl
Apoptosis by Targeting FASL,
TIMP3, and RECK Geves @
FEisoptiageal Carcinoma
oir- esophiageal up Expression of microRNAs in
21 squamous cel squatious ceit carcivoma of
carcinoma human kead and neck and the
esophagus: ik-205 and miR-21
are specific markers for HNSCC
and ESCC.
fois- 2sophageal up MicroRNA-21 promotes the
21 sguatnons celk proliferation and inhibits
CACINGING apoptosis in Ecal09 via
activating ERKI/ZMAPK
pathway
wir- esophageal up Retationship between aliered
21 squatmous celi expression levels of MIR21,
CArCLO LA MIR143, MIR145, and MIR205
and climicopathologic featues of
esophageal squamons cell
carcivema
foix- esophageal up Expression, Tissue Distribution
21 sauamons cell and Function of miR-21 in
Carcinoma Esophageal Squamaons Celh
Carcinoma.
ix- esaphageal up Circuiating nicroRNAs in
1 squamouns cell plasma of paiients with
carcinoma oasophageal squattious cell
toir- asophageal up Down-Regulation of PTEN
21 squatrons cell Expression Modolated by
CACINOING 1% aulated maR-2 1

nteibutes to the Progression of
Esophageal Carcer.

140




WO 2017/132552

PCT/US2017/015417

esophageal down | Serusn microRNA-21 is a novel
21 squarous cell biomarkert v patienis with
carinema ascphageal squamous cell
Carcinona.
mix- asophageal P Clinical ioipact of seruo
21 squamons cell axnsomal microRNA-21 as a
CACINCMA clinical biomarker in human
escphageal squamious cell
Carciu .
- up Oxidative Stress Upregulates
21 n in Patients
with Gastric Cancer via miR-21.
mix- gastric cances P mictoRNA-21 promotes tuwoer
21 proliferation and invasion in
gastric cancer by targeting
PTEN.
roi- gastric cancer G Evatuation of MicroRNA
21 Expression Pattern of Gastric
Adenocarcinesia Assoctat
with Socioeconomic,
Environmenial and Lifestyle
Factors in Northwestern
Hungary.
mir- gastric cancer up MicreRNA-21 inbibits Serpinil,
21 a gene with rovel tutnowr
suppressive effects in gastric
canger.
fois- gastric cancer up MicroRNA-21 stimulates gastric
21 cancer growth and invasion by
inhibiting the tumor suppressor
effects of programwed ceb death
4 and phosphatase and
homolog.
wir- gastric cancer up miR-2 1 phays a pivoral role in
21 gastric cancer pathngenesis and
progression.
i gastric cancer up wiR-21 Is a Promising Novei
21 Biowmarker for Lymph Node
Metastasis in Satients with
Gastric Cancer
ix- gastric cancer up Steomal miR-21 is more

21

important than wik-21 of
tmour cells for the progression
of gastiic cancer.
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k- gastric cances up Circuiating mictoRNAs in

21 plasta of patievis with gasisic
cancers.

foir- gastric cancer up 4 micicRNAs, miR-223,

21 Rl 1 and miR-218, as novel
potential biowarkers for gasiric

i gastric cancer up 3 promotes gastric

21 cancer invasion and metastasis
by tatgeting hiwor suppiessor
EPB41L3.

mir- gastric cancer up Prognostic impact of circolating

21 miR-21 inthe plastoa of patiends
with gasivic carcincroa.

i glioblastoma up Heterogeneous Nuclar

21 Ribonucleoprotein C1/C2
Controls the Metastatic Potential
of Glioblastoma by Regulating
PDCD.

wir- gliohlasioma up Sutforaphane enhances

21 remozolomide-indused apoptosis
due to downregulation of miR-
21 via Wat/beta-catenin
sigualing in glioblastoma.

1ir- glioblastoma up MicioRNA-21 targets LRRFIPL

z1 and contributes to VIM-26
et ¢ in glioblastoma
muitiforme.

mir- glioblastoma up POGF-B-mediated

21 downregniation of miR-21: new
insights into PDGF sigoaling in
glioblastomna.

i glioblastoma up Downreg ion of miR-21

21

infibits E
suppresses the
glioblastoma cells independent
of PTEN status
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glioblastoma up Expression of 19 microRNAs in
21 glioblastoma and compatison
with ather brain necplasia of
grades L-IIL
mix- glioblastoma up Ce-delivesy of as-wik-21 and 5-
21 FU by paly (amidoamine)
dendrimer attenuates human
glioma cell growth in vitro.
- glioblastoma up MictoRNA-21 Promotes
21 Glioblastoma Tumarigenesis by
Down-regulating [usulin-like
Growth Factor-binding Piotein-3
(IGFRP3).
mii- glioblastoma up Downtegulation of Pdodd by
21 mir-21 facititaies ghioblastoma
poliferation in vivo.
toir- glioblasioma up MiR-21 up-reguiation mediates
21 ghichlastoma cancer stem cells
apoptosis and proliferation by
targeting FASLG.
mi- glioblastoma up MicroRNA 21 promotes glioma
21 invasios by targeting watrix
metalioproteinase regulators
wir- glioblastoma dowo | MictoRNA-21 ivhibitor
21 seusitizes human glioblastoma
U251 stera celis to
chemotherapeutic drag
termozolomide.
foi- glioblastoma Bp Delivery of anti-micioRNA-2{
21 antisense-oligodeoxy nucleotide
amphi peptides for
alioblastotma gene therapy.
wir- gliohlasioma up MicroRNA-2 1 targets o netw otk
21 of key tumor-suppressive
pathways in glioblastoma cells.
mig- head and reck up

21

CANCET

carcinoma.
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hiead and veck up {Expression of wir-21 and mir-
21 cances 375 in laryogeal squamious cell
carcingtmal
toir- head and veck up Clusterin [s 2 Gene-Specific
21 squartous cell Target of microRNA-21 inHead
CANCINC LA and Neck Sguamous Celt
Carcinoima.
mix- head and neck P Co-targeting of muitiple
21 squamons cell microRMAS on factor-inhibiting
carcinema hypoxia-inducible factor (FTH)
gene for the pathogenasis ¢
head aud neck carcinomnas.
toir- head and veck up Low-level expression of
21 squatious celi mictoPNAs let-7d and miR-205
CArCino LA ate progrostic mackers of head
and neck sguamons cell
CATCINOIMA.
fois- head and peck up Exprassion of microRNAs in
21 squarnons cell sauarnons cell carcinomna of
CAFCIROIMS human head and neck and the
esophagus: miR-205 and il
are specific markers for HNSCC
and ESCC.
wir- bepato-celbiylar up Role of microRNA-155 at early
21 Carcinema stages of hepatocarcinogenesis
induced by choline-deficient and
amino acid-detined diet in
CSTBL/G wmice.
- Lepato-cetlular up MicioRNA-2{ promotes
21 hepatocelinlar cascinora HepG
cell proftferation through
repression of mitoger-activated
protein kivgse-kinage 3.
wir- bepato-cellilar up MicroRNA-2 1 promotes cetl
21 CArCInCMa pmliferation in butoas
hepatocetiufar carcinoma partly
by targeting HEPNI.
foix- hepato-celludar up Circuat §ctoRNAs, tik-
21 carctoona 2%, miR. and miR-223, tn

parents with hepatoceltular
carcingroa of chronic hepatiils.
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k- hepato-celludar down | Expresston of serum onR-16,

21 carclnona let-74, and miR-2} in patients
with hepatocellular carcinoma
and their clinical significances.

foir- hepato-cellniar Y]

21 Carcinema

via Broad
ional Network.
Deregolation.

wir- bepato-celbiar up Expression of microRNAs, miR-

21 carcinema 21, wik-31, miR-122, miR-145,
miR-146a, miR-200¢, mik-221,
wiR-222, and miR-223 i
patients with hepatoceibulax
carcivoa or ivirabepatic
cholangiocarcinoma and its
progna

wir- bepato-celbislar up Dehydroemanvdrosterone-

21 carcinema induces miR-21 transcription in
HepG2 celis through estrogen
weoeptor 7 and andiogen
receptor.

wir- bepato-celbiylar up miR-21 Inhibitics Reduces

21 CALCIROMa Liver Fibrosis and Prevents
Tumor Development by
Inducing Apoptosis of CD24+
Progenttor Cells.

toir- hepaio-celbular up miR-21 promotes migration and

21 carcinoma invasion by the dR-21-PDCD4-
AP-1 fe loop i human
hepatocelthslar carcinoma.

mig- hepato-celbular up E sion of seun exosomal

21 carcinoma microRMNA-23 in buwan
hepatoceliar carcivowa

todr- hepaio-cellniar up Thyroid hormone regulation of

21 carcinoma wiR-21 erhances migration and

invasion of hepatoma.
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mix- hepato-cellutar P miR-23 expression predicts
21 carinema pregnosis in hepatocetlular
carcinoma.
k- hepato-celludar up MicroRMNA-21 suppresses PTEN
21 and hSubf-1 exp
promotes hepatocelutar
carcingtoa progression through
AKT/ERE pathways.
toir- hepato-cellniar up {ndole-3-carbinol inbibiis
21 carcinoma wmorigenicity of hepatoceliniar
carcinotoa cells via soppression
of mictoRNA-2{ and
atton of pbosphatase and
homelog,
uir- Livpo-phazyngeal up tered Expression of miR-21
1 squamous cel and PTEN in 3nman Laryngeal
carcinona and Hypopharyngeal Squaricos
Cell Carcinomas.
mie- kidney cancer up miR-23 dowunregutated TCH23
21 10 inhibit KISSI in renal cancer.
toir- laryngeal up Regiation of the cell eycle
21 carcinonma gene, BTGZ, by 21 in
human laryngeal carcinoma.
ir- {aryngeal squamous | up Downregalation of
21 cell carcinoma modulates Ras expie
prowete apoptosis and suppress
invasion of Laryogeal squamous
cell carinoma.
toir- | squaroces | up Altered Expression of miR-21
21 A i Buman Laryngeal
and Hypopharyngeal Squame
Ceit Carcinoinas
wir- Giver cancer up microRMA 21-mediated
21 suppression of Sprouty 1 by

Poketoon affects lver cancer
cell growth and prolifeation.
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k- g cancer up Evaluation of dynamic cb
21 of senim miR-21 and muR
pre- and posi-oparative lung
carcincroa patients.
ix- hung cancer up Differential MicroRNAs
1 Exprassion in Serom of Patisuts
with Lung Cancer, Pulmonary
Tuberculosis, and Prevsnonts.
roir- hing cancer up Exprassion and significance of
21 miRNA-21 and BTG2 in hng
cancer.
mir- malignant up mictoPNA-21 is upregulated in
21 melanoma malignant melanoma and
influences apoptosis o
melanocytic cells.
wir- wiaignant up MiR-21 echances melavowa
21 melanoma invasiveness via inbibition of
fissue inhibitor of
wietalioproteirases 3 expression:
in vivo effects of MiR-21
inhibitor.
1ir- mmbiple myeloma up Integrative aralysis o
z1 differential ik NA and
functional study of miR-21 by
sead-targetivg inhibition in
mutiple wyeloma cells in
1esponse to berberine.
mi- naso-pharyngeat up Activation of miR-21 by STAT3
21 CArCLaoa Induces Proliferation and
Soppresses Apoptosis in
Nasopharyugeal Carcinoma by
‘Targetivg PTEN Cene.
foix- nor-smatl cell ong | up High expression of serum miR-

21

caneer

i

1
associated with poot prognosis
in patiends with lang carcer.
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won-small cell lung up Clinical evatuation of

21 cancer mictoRNA exprassi
in non small cell ung cancer

foix- aot-stmall cell lung | up Dowanregulation of microRNA-

21 caneer 21 expression estoains non-
smail celd hung cances cell
proliferation and migration
thiough upregolation of
programmed cofl death 4.

toir- oon-stakl cell lung | up {dentification of plasma

21 cancer mictoPNA-21 as a biomarker
for early detection and
chemosensitivity of non-sniali

Icer.

foi- non-smatl cell kung | up Overexpression of mRNA-21

21 cancer prowotes radistion-resistance of
non-small cell bing cancer.

- pon-small cell long | up Prognostic significance of serum

21 cancer miRNA-2E expression in humnan
nov-small cel fung cancet

mi- non-smatt cell ung | up Let-7g and miR-2 1 expression in

21 cancer no-small cel} ung cancer
Correlation with
clinicopathological and
molecular features.

roi- nop-smabl cell lung | up iOverexpression of miRk-21

21 cancer prowetes pioliferation and
reduces apoptosis in non-smatl
cell fong cancer}.

i non-small cell long | up MIR-21 supprass

21 cancer anticancer gctivities of curcismin
by tatgeting PTEN gene i
human non-smatl ced) lung
cancer AS49 ¢

mir- non-smatl cell wng | up Use of Luintnex. xXMAP head-

21 cancer based suspension array for

datecting microRNA in NSCLC
118 i

application.
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won-small cell lung up Alteration in Mir-2 I/FT]

21 cances exprassion modulaies gefitinib
mesistance in non-sroali cell lung
cancer.

- won-small cell luug up Prognostic vatue of mature

21 cancer mictoRNA-21 snd microRNA-
205 oversxpression in nop-small
cell lung cancer by quantitative
real-timne RT-PCR.

toir- oon-stakl cell lung | up Raduction of Plastoa

21 cancer MicroRNA-Z1 is Associated
with Chernotherape:

Response in Paticnts with Non-
simait Ceit Lung Cancer.

mii- non-smatt cell ung | up MicroRNA-Z1 (miR-21)

21 CANCEr igulates celhular protiferation,
invasion, migration, and
apoptosis by targeting PTEN,
RECK and Bel-2 in bung
SQUATIOUS cArcinoma, Gegin
City, China.

uir- oral cancer up MictoRNA-2 L Promotes Ozab

z1 Cancer [nvasion via the
Witbeta-Catersn Pathway by
Targeting DKX2.

mir- cral squamaons celt up Retationship between

21 carcinoma microRNA expression levels and
histopathological features of
dysplasia in oral leukoplakia.

f0iy- oral squamous cetl up Altered levels of 1 miR-

21 carcinoma £250-2% miR-134, miR-
miR-184, and miR-205 18l
squamons ceb. carcinoma and
assaciation with
clinicopathological
characteristics.

- OSteC-SArsCma up Identification of Serutw.

1 MicroRNA-21 as a Biotmarker
for Chemosausitivity and
Prognosis in Human
SATCOINa.
- GStes-sarcoma oup MictoRNA-21 is involved in
21 osteosarcoma cell invasion and

migration
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ostee-sarcoma

up

A thiee-plasma miRNA
signature serves as tovel
biomarkers for ostessarcoma.

Gvatian cancer

up

The inhibition of miR-21
jale s apoptosis and

chemosensitivity in ovarian
canger.

pancreatic canoer

up

MicroRNA-21 is overexprassed

in pancieatic cancer a
potential predictor of survival.

RNA-2L mod

gical fanction:
pancraatic cancer cells including
their protiferation, invasion, and

f
chegr ¢

pancreatic ductal
adeno-carcinoma

MiR-21 upregulation induced by
promoter zone histone
acetylation is associated with
chemoresistance to gemeitabine
and echanced maligrancy of
pancreatic cancer cals.

paucieatic ductat
adeno-carcinoma

up

MictoRNA-2 L in pancreatic
cancer: corelation with clivicat
outcomne and pharmaceltogic
aspects underlying its role in the
modiudation of gemcitabine
activity.

pancreatic ductat
adeno-carcinoma

up

Modutation of FoxO1
expression by miR-21 to
prowote growih of pancreatic
ductal adenocarcinoma.

uir-
21

catic ductal
adeno-carcinoma

Kuoockdows of mictoRNA-2
inhibits iferation and
increases celd death by targeting
pwgrammed celb death 4
FDCD4) in pancreatic doctal
adenocarcinosa.

pancreatic ductal
adeno-carcinoma

up

Interplay of miR-21 and Fox(O1
modudates growth of pancreatic
ductal adenocarcinoma.

-

21

atic ductal
FCmonia

up

150




WO 2017/132552

pancreatic ductal
adenocsarcivema
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k- pancreatic ductal up MiR-21, mnR-34a, miR-198 and

21 adenn-Carcinosng iR-217 as di ic and
pmgrostic biomarkers for
chronic panceeatitis and
pancreal
adenocascitoma.

foir- atic ductal Y] MicroRNAs as diagnostic

21 adenc-carciroms markers for pancr:
adenocascivoma and its
PIECIISOF, PANCTEatic
intraepithelial neoplasto.

k- pancreatic ductal B MicroRNA-Z1 in Pancieatic

21 adeno-carcinema Ductal Adenocarcinoma Tumor-
Assaciated Fibroblasts Proma
Metastasis.

wir- papiilary thyroid up Expression of miRNAs in

21 carcinema Papiliaty Thyreid Camtnonas
Associated with BRAF Mutation
and Clinicopathological Features
in Chinese Patients.

e papillary thyroid up MicioRNA-21 regulates

21 CArCIoING biological behaviors in papitlary
thyioid carcinoma by targeting
programvied celd death 4.

wir- prostate cances up MictoRNA-2L ivhibits p57Kip2

21 EXPIeSSION in Prostate cancer.

todr- prostate cancer up A stody of molecular signals

21 deregulating mismatch repair
genes in prostate catcer
compared to benign prostatic
hyperplasia

foix- renal cell cascinoma | up miR-2} downregutated TCF21

21 to iwhibit KIZSE in renal cancer.

mir- renak cell carcinowa | up MicroRNA-21 is ovetrexpressed

21

in renal cell carcinoma.
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tenat cell carcinoma | up MickoRNA-2{ (miR-21) po:

21 tanscnpiionally downregulates
fnmor suppressor PDCDA and
promotes cell transformation,
proliferation, and metastasis in

inoma.

ix- renat cell carcinera | up ty of miR-21 as

1 a diaguostic and prognostic
markes for renal cell carcinoma.

mix- retino-hisstoma P -targeting antt-tiR-21

21 inhibiting maligeant progression
of retivoblastoma and analysis
of their phosphorylation
signaling patbways.

foi- Squamous Y] Unigoe MicroRNA Exprassion

21 carcinonma Profiles in Cervical Cancer.

wir- bepato-celbislar dowo | MictoRNA-21-3p, 2 berberine-

21-3p | carcinoma induced wikNA, directly down-
regulates buroan methiopine
adenosvitiansferases 24 and 28
and inkibits hepatowa cell
growth,

mi- clear cell renal celi Up Exploring the miRNA-RNA

21-5p | cancer regniatory network in clear cell
renal cell carcinomas by next-

ation seguencing
expression profiles.

mir- rectal cancer up Overexpression of wiR-21-5p as

21-5p a predictive marler for compiete
tmor tegression to nec i
chemoradiotherapy in rectal
Gancet patisnis.

- adrenat cortical up The role of microRNA

210 CALCIRGING deregudation in the pathogenesis
of adrenocortical carcivoma

foix- bladder cancer up Aynthetic tiBENA-mowers

210 targeting miR-183-96-182
cluster or tiR-210 inhibit

growth and migration and
induce apoptosis in biadder
cancer cells.
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- colorectal cancer up Hypoxia-inducible MiR-210 is
230 an ivdependant progno actor
and condributes 10 metastasis in
colorectal cancer.
toir- asophageal cancer up Differential expinssion of
210 As inescphagen cancer
mix- asophageal down | MiR-210 expression severses
210 squamons cell radioresistance of ster-like celis
carcinoma of oesophageal squamons celt
carcinoroa.
foi- 2sophageal down | MicroRNA-210 regulates cancer
210 sguatnons celk cell proliferation thiough
CATCIROMa targeting fibroblast growih
factor teceptor-1i
esophiageal down | The Role of MicroBENA-210 in
palt squatous cell Esophageal Squamons Cell
carcinoma Carcinomsa.
ir- gastric cancer down | miPNA-223 promotes gastric
210 cancer invasion and metastasts
by targeting ot suppiessor
BEO41L3.
ix- glinblastoma up Agote hypoxia induces
210 upregoelation of mic roRNA-210
si in ghioblastoms
sphei
foix- glioma up MicroRMNA-210 overexpression
210 predicts Puoter Progosis in
alioma patients.
- glioma oup MIR-210 up-reguiation inhibits
210 proliferation and induces

apoptosis in ghioma cels by
targeting SINSA.
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k- hepato-celludar up Effects of kunockdown of nilk-

210 Carcinoma 210 in combination with
icnizing radiation oo human
hepatoma xenograft in nude
JTCe.

ix- hepato-cellular up Hypoxia-inducible microRNA-

210 carcitotng 210 augments the metas
potential of tumor celis by
targeting vacuole mermbrate
pretein X in bepatocettilar
CArCinoma.

k- kidney cancer B miR-210 1s 4 target of hypoxia-

210 inducible factors { and
cancer, regulaies [SCU and
comelates with good pgoosis.

toir- bing cancer up MiR-210 promotes a hyposic

210 phenctyp2 and inc S
radioresistance in human lung
concet cell lines

iy malignant up Coraparative analysis of

210 melanomas melancroa deregulated miRNAs
in the medaka and Xsphophotus
pigment cell cancer maodels.

mir- malignant up MicreRNA-15b represends an

210 welanoma independent prognao
parameter and is
fainor cell prolifer;
apoptosis in maliguant
melanoma.

ir- ostes-sarconia up Prognostic evatuation of

210 mictoRNA-2 £ expression i
pediatric ostecsamoma.

- svarian canser op miR-210, a modulator of

210 i -induced epithelial-
mesenchymal transition in
ovarian cancer cetl

mir- renak cell carcinowa | up MiR-210 expression in tumor

210 tissue and to vitro effects of its

silencing in reral cell carciroma.
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Gverexpression of miR-210, a
downstrear target of HIELY,
causes centrosome amplification
in renal carcinoma cells.

PCT/US2017/015417

renak clear cell
CArCInoIa

up

miRNA profiling for clear cell
renal cell carcinoma: biomarker
discovery and identification of
potential controls and
consegquences of miRNA
dysregnlation.

foir-
210

ear oell
carcmonma

up

Serom miR-210 as 2 potential
biomarker of easty clear cell
renal cell carcinosia.

gliohlasioma

Hypoxic sigratore of
mictoPNAs in glioblastoma:
insights froro small RNA deep
sequencing.

breast cancer

down

MicroRNA-211, a direct
negative regulator of CDC2S
expression, inhibits
negative breast cancer cells'
arowih and migration.

wir-
211

colorectal cancer

5

MictoRNA-2 1} expression
promotes colorectal cancer cell
growth in vitre and in vivo by
targeting fmor suppressor
CBDS.

bepato-cellilar
CArCIIOING

down

miR-2 1] suppresses
hepatocelhalar carcivowa by
downregniating SATE2

wir-
211

wialignant
melancma

dowg

‘The regulation of mRNA-21L
expression and its role in
melancroa celf invasivenass.

matigrand
melanoma

down

Intronic niR-211 assumes the
tmor suppressive function of its
host gene i melanoma.

st
=
i
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21t

wialignant
melanoma

dowi.

Melanoma cell invasiveness is
regulated by miR-211
supprassion of the BRN2
transcniption factor.

PCT/US2017/015417

ix-

211

malignant
melanoina

down

Differential expression of
microRNAs during melanoma
progression: miR-200¢, miR-205
and mik-213 awe downregulated
in roelanoma and act as tamour
SUPPIEssars

colorestal cancer

dowo

Genetic and Epigenstic Dawn-
regulation of MicroRNA-212
Prowmotes Colorestal Tumor
Metastasis via Dysregalation of
MuSOD

foi-
242

gastric cancer

down

miR-212 is dowaregul
suppresses methyi-C
protein MeCP2 in hwnan gastric
cancer

wir-
212

gasttic cancer

down

Dowv-regulation of miR-232
exprassion by DNA
hypermethytation in hutoan
gastric cancer cells.

rois-
212

hepato-celluiar
carcinonma

down

Histone Demethylase
Retinoblastoms Binding Proteis
238 Overexpressed
FHepatocedhular Carcinoma avd
Megatively Reguiated by niR-

212,

mir-
212

on-small cell lung
cancer

down

miP-212 increases o
necrosis factor-related
apoptosis-inducing ligand
seusitivity in non-swall cebl hung
cancet by tatgeting the
antiapoptotic protein PED

foix-
212

nop-smatl cell tung
cancer

up

MiR-212 displays Tuwor
Promotivg propetiies iv N
Cells and targets the Hadgehog
Pathway Receptor PTCHI.

-
212

non-small cell tong
cancer

up

Synaptic acety lcholinesterase
targeted by nmictoRNA-2{2
HINCHONS 85 2 HMOT SUPPESSOr
in nen-small cell tong cancer.
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osteo-sarcoma down | MictoRNA-212 inhibits

osteosarcoma cells proliferation
and iovasion by down-regutation
of 3654,

mix- QVATAN CAnces down | MiR-212 exatls suppressive

212 affect on SKOV3 ovarian cancer
cells through targeting HBEGF.

- pancieatic cancer up wiR-132 and miR-212 are

212 increased in pancreatic cancer
and target the retinoblastoma
TWNOF SUPPIesset

- pancieatic ductal up miR-2 12 prowotes pancreatic

232 adeno-carcinoma cancer cell growth and invasion
by targeting the hadgehog
sigoaling pathway weceptor

wir- prostate cances dowo | A potential regulatory toop

212 between Lin28B:wik?212 i
androgen-independent prostate
cancet.

ir- glioblastoma down | MiR-212-3p inhibits

212- gliobiastoma celi proliferation

3p by targeting SGK3.

toir- bladder cancer down | MicroRNA-214 Suppresses

2144 Oucogenesis and Exets Iinpact
ou Prognosis by Targeting
PDRGY inadder Cancer.

foi- cervical cauncer down | MiR-214 reduces cell smrvival

24 and enhances cisplatin-isduced
cyrotoxicity via down-regniation
of Bek212 in cervical cancer
cells.

ix- crrvical canoer down | MicreRNA-214 suppressas

214 growth and invasivensss of
cervical cancer cells By targeting
UDP-N-acetyl-7-D-
galactosamine: pobypeptide N-
acetylgalactosaminy ransferase
-

wir- cervical squamous dowo | Dowo-regulation of miR-124/-

214 cell carcinona 214 in cutansons squatoous ceil
carcincroa mediates abnormal
cell probifecation via the
ind 1 .

todr- colon cancer dowo | microRMNA-214 funciions as a

214 S0¢ in huroan

the suppression
stiou factor-like
ptein 2.
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asophageal
squamons cell
Carcinema

down

MicroRNA-98 avd microRMA-
214 post-transcriptianatly
regulate enhancer of zeste
homolog 2 and inhibit migration
on in hunas

pamons cell

Carcinena

miRNA-223 promotes gasing
cancer invasion and metastasis
by largeting {Broos sSuppressor
EPB41L3.

gastric cancer

indices a cell eyele G1
cancer cells by wp-
reguiating the PTEN protein.

2astric cances

up

Deregulated mictoRNAS in
gastric cancer tissug-derived
mesenchymal stem cells: novel
biomarkers and a mechanism for
gastric cancer.

gastric cancer

up

Hemolysis-free plasma miR-214
as novel biomarker of gastric
cancer and is correiated with
distant metastasis.

wir-
214

glioma

Associations between the
Expression of micro-RNA 214
and clinicopathologic
paranmeters of ghora.

ir-
214

bepato-cellislar
CArCinomng

dow.

Identification of differentially
iCctORNAS in huinan
hepatoceliniar adenoing
associated with type I glycogen
storage disease: a potential
whikity as biomarkers

hepato-cellutar
BITTRY

up

MicroRNA-214 regulates the
acquired resistance 1o gefitinid
via the PTEN/AK thway in
EGFR-mistant cell Hues.
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Tix dowi.

234 CALCINGING

toir- hepato-cellniar dowa | Dowaregalation of micrcRNA-

21 CACINCMA 214 and averexpression of
FGFR-1 contribote 10
heps ks carcinoms
metastasis.

foir- up Comparative anakl

244 welanoma melavoma des
in the medaka ai tphophors
pigment cell cancer models.

mir- multiple myeloma down | Kestoration of miR-214

214 expression reduces growih of

ma cells through a

positive regulation of P53 and
mhibition of DNA seplication.

mir- naso-pharyngeal up miP-214 pmotes

214 carcinoa fumorigenesis by targeting
lactotiansfersin in
nasophary ngeal carcinoma.

ir- vaso-pharyngeal up Kuoockdown of miR-214

214 CALCINGIMa Promotes Apoptosis and Inhibits
Cell Proliferation in
Masopharyngeat Cawcinoma.

foix- 08{e0-SarcoIna up Upregulated expression of

24 mtcroRMA-234 ts tinked to
wmer progression ang adverse
proguosis in pediatric
osteosarcoma.

mir- ovatian cancer up Micre-RNAs and ovarian

214 cancer: the state of art and
perspectives of clinical reseatch.

mig- pancreat down aulation of miR-15a and

24 214 50 buwan pancreatic
cancer.

toir- pancraatic cancer up Dysragnlation of miR-15a and

214 wiR-214 o homan pancreatic
cancer.

- primary cns down | Differsntial micio-RNA

214

tymphomas

T35

[5%4 n in primary C
nodal diffuse large B-cell
Iymphonas
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k- cervical cancer up MicroRMNA-2135 is a potential

243 pregnostic marker for cervical
cancer.

foir- colon cancer down | Prognostic significance of miR-

215 215 in colon cancer.

ir- colorectal cancer down | Association of microRNA

215 satellite
instability status i colorectal
adenccarcinctoa

toir- colorectal cancer down | dentification and fiunctional

215 sereening of mictoRNAs highly
deregulated in colorectal cancer.

i colorectal cancer down | ticroRNA-192, -194 and -215

215 are frequently dowuregolated in
colorectal cancet.

foi- gastric cancer Bp MicroRNA-192 and -215 are

25 upregulated in hwman gastric
cancer invive and suppress
ALCAM expression i vitre.

mi- gastric cancer up MiR-2 15 modulates gasiric

215 cancer cell proliferation by
targeting RB1.

mir- gastric cancer up MiR-215/192 patticipates in

215 gasti ANCer PIogression.

i hepato-celhudar up Seruto mictoRNA

215 CANCINGING characterization identifies rmiR-

8B as a potential marker for
detecting liver patbologies.
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- up Aundrogen patbway stimulates

216a CALCINGING mictoRNA-2 162 transeription to
suppress the tumor suppressor in
lung cancer-1 gene in eardy
hepatocarsi

toir- hepato-cellniar up MiR-216a/21

216a Carcinoma epithelial-toesenchy mal
transition targets PTEN and
SMADT to promote drag
registance and recurtence of
liver cancer.

mix- pancreatic cancer down pression of miR-2362 in

2162 pancraatic cancer and its clinical
sigoificance].

foi- pancraatic cancer down | MicroRNA-216a inhibits

2164 pancreatic cancer by directly
targeting Jaous kinase 2.

wir- breast caveer dowo | Reguiaticn of the P2XR by

216b ictePNA-216b in human
breast cancer.

mir- naso-pharyngeal down | miR-Z16b suppresses tamor

216b carciroma growth and invasion by targeting
KRAS in nasopharyngeal
CATCINOIMA.

toir- naso-pharyngeal down | {miR-216b suppresses coil

216b carconma proliferation and invasion by
targeting PKC? in
nasophatyngesl carcinoma
celis].

foi- ast cancer up MiR-217 Promotes Tusnor

207 Protiferation in Breast Cancer
via Targeting DACHT.

wir- gastric cancer dowo | microRMA-237 inhibits tunor

217 pwgression and teastasis by
downreguiating EZH?2 and
pradicts favorable prognosis in
gastric cancer.

foix- hepato-cellular up MiR-2164/2 17 -induced

27 carcinoma epit mesevchy wal
wansition targets PTEN and
SMAD7 te promote drug

nd recurrence of

liver ca

16l




WO 2017/132552

PCT/US2017/015417

i~ down | miR-217 inhibits tavasion of
hepatocelinar carcivewa cells
through direct suppression of
E2F3.
toir- bung cancer dowa | MicroRNA-217 functions as a
217 TWINCRE SUPPrassor gane and
conelates with cell resistance 10
cisplatin in g cancer.
down | MictoRNA-217 regulates
V 3 expression avd
supprasses tumor gmwih and
metastasis in asteasarcoma.
toir- 0SLE0 -SArCOMA down | The mictaRNA-217 functions as
217 a tumor suppresser and is
fraquently downiegulated in
nan osteosarcoma.
mir- pancreatic ductal down | MicroRNAs as diagnostic
17 adenocarcinoma markers for parcreatic ductal
adenocarcinoma and its
PRECHISOT, PANCTEatic
intraepithelial seoplasm
twir- pavcieatic ductat down | MiR-21, miR-34a, mil-198 and
237 adenocarcinona miR-237 as dlagoos
prognastic biomarkess for
chrouic pancreatitis and
pancreatic ductal
adenocarcinoma.
mir- pancreatic ductal down | The miK-217 microRNA
217 adeno-carcinoma functions as a poteatial tumor
suppressor i pancreatic ductal
adenocarcivowa by targeting
KRAS.
foi- bladder cancer down | MicroRNA-218 inhibits bladder
218 cancet cell protiferation,
migration, and invasion by
targeting BMI-1.
ix- breast cancer down | Silencing of mIRNA-218
218 protasies wigration and invasion
of breast cancer via Siit2-Robol
pathway.
foix- cervical cancer down | Circudating mictoRNA-214 was

reduced in cervical cancer and
correlated with tumor invasion
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- cervical cancer down | MicicRNA-218 increases
218 celbilar sensitivity Ay cin
via targeting Kictor in cervical
cancer.
ix- cervical squatous down | Tumor suppressive icioRNA-
218 cell carcinoma 218 inhibits cancer cell
gration and isvasion by
rargeting focal adhesion
pathways in cervical squatoous
cell carcinoma.
mix- Chotin-Carcingna down | MicroRNA-218 iohibiis the
218 proliferaticn of human
choriocarcinoma JEG-3 cell line
by targeting Fbsws.
toir- colorectal cancer down | MicioRNA-218 Inhibits Celi
218 Cycle Progression and Promotes
Apoptosis in Colon Cancer by
Downregalating BMIE
Polycowh Ring Finger
Queogene.
mir- coloracial cancer down | Decreased expressicn of miR-
218 218 is associated with poor
progaosis in patients with
colorectal cancer.
oir- esophiageal cancer down | Serurm microRNA-218 is o
218 potenttal biowarker for
esophageal cancer.
wir- esophageal up miR-2 18 suppresses timor
218 squartous cell awwih and enhances the
carcinoma chemosensitivity of esophageal
uamons col
tin.
toir- 2sophageal down RNA-218 inkibits the
218 squatnons cell IS ation and rogtastasis of
CAXCINOING esophageal squamous cell
carcivowa cells by targeting
BMI]
foix- gastric cancer down ORNAs, unk-
218 miR-2 1 miR-218, 58 n

potential bic
cancer detection.

s for gastric
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gastric cancer

dowi.

Redisced expression of
circulating microRNA-218
gastric cancer and correlation
with tunor invasion and
PICLROSIS.

PCT/US2017/015417

ix-

218

2 astri

A
o

ANCET

down

MicroRNA-218 is upregulated
in gastric cancer after
cytoreductive surgery and
hyperthernuc intraperitoneal
chemotherapy and increases
chemosensitivity to cisplatin,

gastric cances

down

Thermo-chemaotherapy wduced
miR-218 upreguiation inhibits
the invasico of gastric cancer via
targeting GU2 and E-cadherin.

mir-

3)
o)

gastric cancer

down

Reduced ricroRNA-218
expression is associated with
high nuclear factor kappa B
activation in gastnic cancet

gastiic cancer

down

Reduced expression of miR-218
and its sigoiticance in gastric
cancet).

mir-
218

gastrointestinal
stromad tomor

down

MicreRNA-218 ivhibits
gastroiatestinal stromal tumor
cell and invasion by targeting
KIT.

glioma

down

Expression of microRNA-218
and its clin thological and
prognostic significance in
human glioma cases.

wir-
218

ghioma

dowg

MictoRNA-2 18 Inkubits Glioma
Invasion, Migration,
Proliferation and Cancer Stam-
the Cell Self-renewal by

the Polycomb Group

i
218

head and nack
seuamous cell
cascinoma

down

Tumor suppressive roicroRMNA-
218 inhibits cancer cell

ation and iovasion thwough
targeting laminin-332 in head
and neck squamous celt

hepato-cellutar
carcinoma

down

carcinona.

miP-218 moduiate
hepatocelinfar carcinoma cell
proliferation theough
STERN/AKT/ABK pathway and
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k- hepato-celludar down | Overexpression of wiR-218

218 Carcinoma inkubits bepatocettilar
carcinoma cell growth through
RET

foir- hepato-cellniar down | MicroRNA-218 and microRMNA-

218 Carcinema 520 inhibit cell proliferation by
downregulating E2F2 in
hepatocelintar carcinoma.

k- g cancer down | MicroRNA-218 is deleted and

218 downregniated o luog squamo
cell carcinoma.

toir- bing cancer down | MiRNA-218, a new regulator of

218 HMGB1, soppresses cel
migration and in R il non-
swab celt hung cancer.

foi- hung squamons cell | down | MicroRNA-218 is deleted and

218 carcinona downregniated tn luog squamous
cell carcinomna.

i malignant down | Expression patierns of

218 melanoma mictoRNA-2 {8 and its potential
functions by targeting CIP2A
and BMIL genes in welanoma.

ir- vaso-pharyngeal down | MiR-218 suppresses

218 cancer nasepharyngeal cancer
prograssion thiough
downregutation of sutvivin and
the SLITZ-ROBO pathway.

todr- oral cancer down. | The tumior suppressive

21 microRNA 10iR-218 targets the
mTOR component Rictor and
inhibits AKT phosphorylation in
otal cancer.

toir- 0SLS0 -SALCOMR dowo | miRNA-218 Inhibits

21 Osteosarcona Ceil Migeation

and Invasion by Down-

{68




WO 2017/132552

regulating of TIAMIL, MMEP2
and MMPS.
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k- pancreatic ductal down | Enbancer of Zeste Homolog 2

218 adenn-Carcinosng Silences w o Huwan
Pancreatic Ducta
Adenocarcinoma Celis by
{nducing Formation of
Heterochiomatis.

foir- prostate canceyr down | Tumor-suppiessive micicRNA-

218 218 inhibits cancer cetl
migration and invasion via
targeting of LASPL iv prostate
cancer.

wir- prostate cances dowo | microRNA-238 tohibits prostate

218 cancer cell growth and promotes
apopinsis by repressing TEDS2
EXPIRESIoL.

mir- renal cell carcineroa | down | MicroRNA-218 [nhibits Cell

218 Migration and Invasion in Renal

ell Carcinoma Throogh

Targeting Caveolin-2 lavolved
i Hocal Adhesion Pathway.

iy renal clear cell down | miRNA profiling for clear celt

218 CArCIoING renal cell carcinoma: biomarker
discovery and idevtitication of
potenttal controls and
consequences of miRNA
dysregulation.

toir- glioblasioma down | miR-219-5p [ohibits Receptor

219 Tyrosine Kinase Pathway by

Sp Targeting EGFR in
Glinblastowa.

foi- glioma down 2-5p Inbibits Receptor

219- e Kis hway by

Sp Targeting EGFR io
Glinklastoma.

mi- ro-celiular down | MiR-219-5p inhibits

219- carcinoma atocelinlar carcinoma cell

5p ation by targeting
glypican-3.

i papitlaty thyrcid down | miR-219-5p Modudates Cell

219- CAXCINOING Growth of Papillary Thyvroid

Sp “arcinoma by Targeting

frogev Receptor 7
foir- breast canoer down | A regulatory loop involving
22 miR-22, Spl, and c-Myc

modilates CO347 exp n i
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breast canoer down
protein type 1 in breast cancer.
ix- cnlon cancer down | MicrocRNA-22 rsgulates hypoxia
22 signaling in colon cancer cebls.
colon cancer down | MicroRNA-22 is induced by
vitamin D an
aniprodi
and gene regulatory effects
ceaton cancer ceils.
wir- colon cancer dowo | iRNA-22 suppresses colon
22 cancer cell migration and
invasion by iohibiting the
exprassion of T-cell tymphoma
invasion and metastasis | and
matrix metaboproteinases 2 and
9
foi- colorectal cancer down | Clinical significance of miR-22
22 exprasston in patients with
colosectal cancer.
mir- escphageal down | Increased miRNA-2Z exprassion
22 squamons cell sensitizes escphageal squarcos
carcinoma cell carcinoma 1o irradiation.
toir- esophageal down | miR-22 is down-regulaied in
22 squartous cell esophageal squameus cell
carcinoma carcincroa and inhibits cell
migsation and invasion,
gastric cancer down | miR-22 suppresses the
pwoliferation and ivvasion of
gastric cancer cedls by inhibiting
CDI5L
wir- gastric cancer dowo | microRMA-22 acis as a
22 metastasis suppressor by

targeting metadherio in gastric

cancet.
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gastric cancer

dowi.

wnR-22 15 down-regulated in
gastric cancer, and its
overexpiession inhibiis celi
migration and invasion via
targeting transcripticn factor
Spl.
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2 astri

A
o

ANCET

down

Reduced expression of miR-22
in gasteic cancer is telated to
clinicopathologic chasacteristics
ot patient prognosis.

dowi.

uregulated in
hiar carcivewa and
1ated with prognosis,
suppresses cell protiferation and
fumouxigenicity.

hepato-cellniar
carcinema

down

MicroRNA-2Z expression in
hepatocellwlar carcinora and its
conelation with ezrin protein.

hang carcer

down

Tutnor suppressor uk-22
suppresses fung cancer cell
progression througb post-
transcriptional regniation of
ErbR3.

meduito-bisstoma

down

MiR-27 is Frequently Bown-
regniated tn Medwloblastomas,
and Inhibits Celi Protiferation
via the Novel Target PAPSTI.

non-smatl cell kung
cancer

up

Circudating miR-22, miR-24 and
miR-34a as vovel prediciive
biomarkers to pemetiexed-based
chemotberapy in advanced non
small cell fung cancer.

Osted-sarcoma

dowg

miR-22 tohibiis osteosarcoma
cell profiferation and migration.
by targeting HMGB1 and
inhibiting HMGB L-nediated
antophagy.

GStes-sarcoma

down

Downregolation ¢f miR-2
as an nofavorable progue
biomarker in 0si€0sACOIA.

0e
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t-cell bysnphosna

dowi.

uRNA-22 suppresses colon
cancer cellsmigration avd
invasion by inhibiting the

ssion of T-cell lymphoma
on and metastasis 1 and
matsix metalloproteinases 2 and
9
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foix-
220a

oral squatnious cetl
carcinoma

down

Genomewide Stady of Sali
MicioRNAs for Detectis
Oral Cancer.

anaplastic thyroid
CACINCMA

A 4-MicroRMA. signature can
discriminate pritoary
tymphomas from anaplasti
carcinorsas i thy cytology
SINEArS.

bladder cancer

up

Micro-RNA profiling in kidney
and bladder cancers.

mir-
221

bladder cancer

up

MicreRNA-221 silencing
predisposed homan biadder
cancer cells to undergo
apoptosts induced by TRAIL.

wir-
221

breast caveer

TRPS} tatgeting by miR-
223/222 promotes the epithelial-
to-mesenchymal teansition in
breast cancer.

f0iy-
221

breast cancer

up

From microBNA fonctions to
BNA therapentics: Novel
d novel drugs ast
cancet research and treatvient
(Review)

breast cancer

up

miR-221/222 prowmotes $-phase
eniry celtylar migration in
conirol of basat-like breast
cancer.

cnlon carcinoma

up

iMicrocRNA-221 promotes colon
carcinoroa cell proliferation in
vitro by inhibiting
CDKNIC/p37 sxpression].
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colorectal cancer

MictoRNA-221 inhibits
CDXNIC/p3T expression in
human celorectal carcinoma.
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colorectal cancer

23 contrals
expRssion in
tal carcinoma).

MictoPNA
CDKN1
human colores

foir-
221

colorectal cancer

up

MicroRNA-221 promotes
colorectat ¥

ncer cell vasion
and smetastasis by targ
RECK.

esophageal cancer

up

Alteration of miRNA Expression
Correlates with Lifestyle, Social
and Environmental
Determinants i Hsophageal
Carcinoma.

tollicular thyroid
carcinoma

up

Ditferential miRNA expression
defines migration avd weduced
apoptosis in follicular thyreid
carcineroas.

mir-
221

gastric cancer

up

miPNA-223 promotes gastric
cancer invasion and metastasis
by targeting ot suppiessor
HPB4 L3,

gastiic cancer

{ncicased Expression of
MicroRNA-Z21 in gastnic cancer
and its clivical significance

wir-
221

gasttic cancer

Deregnlated microRNAs in
gastric cancer tissue-derived
mesenchymal stein cells: novel
biomarkers and a mechanism for
gastric cancer.

tinal
stromal tumor

down

Down-regul 2
and k. with,
poncunced Kit expression in
gastrointestinal stromal tunors.
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gastrointestinal
stromal trwet

dowi.

Munktipte sporadic
gastrointestingl strotal twinors
concomitant with ampuilary
adenocarcingroa. a case ¥eport
with KIT and PDGFRA
wtationat analysis and nuRR-
2217222 expression profile
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glioma

up

MicroRNA-221 1argeting PI3-
K/Akt signaling axis induces
cell prokferation and BONU

glioma

up

promote hisman
ma cell invasion and
angiogenasis by targeting
TIMP2.

foi-
221

glioma

up

Co-suppression of nuiR-221/222

cluster suppresses human glioma
cell growth by targeting p2Txipt
in vitre and o vivo

glioma

up

MiR-221 avd oiR-222 target
PUMA to induce cedd survival io
glioblastoma.

mir-
221

glinma

up

Uptake by hureao gliona cell
tines and biological effects of a
peptide-nicleic acids targeing
miR-221.

foi-
22

hepato-celhalar
cascinoma

up

MiR-221 controls CDRMIC/p57
and CDXNIB/P27 expression tn
homan hepatocelhular
carcinoroa.

wir-
221

bepato-cellaiar
carcincma

Role of microRNA-155 at early
stages of hepatocarcinogenesis
induced by choline-deficient and
aming acid-defined dist in
CSTBL/B mice.

hepato-celludar
carcinoma

up

miR-228&222 regalate TRAIL
resistance enhance
wmerigenicity thoough PTEN
and TIMP3 downegolatiorn.
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10V

up ssion of tcroR)

CALCINGIMa 1, ik -
miR-146a, miR-200¢, mik-221,
wiR-222, and mR-223 i
patients with hepatooelhslas
casciuoma or intrakiepatic
cholangiocarcinoma and its
Progna

to-cellulas up MicioRNAs in Hepatobibiary
CALCINGING and Pancseatic Cavcers.
toir- hepato-cellniar up Incmased MiK-221 expressicn
221 carcinoma in hepatocelhular caicinoma
tissees and its role in enhancing
cell growth and inhibiting
apoptosis i vitro.

{iver cancer up Bioinformatics analysis
identifies 1iR-22} as a core
reguiator in hepatoceliolar
carcinoma and its silencing
supprasses tamor propeities.

toir- matigrard up The abrogation of the
221 wielanoma HOXB7/PEX2 complex induces
apoptosts in melanoma through
the miR-221 &222-c-HCS
pathway
mi- non-smatt cell tung | down | Cironiating nuctw-RNA
221 CANCEr exprassion profiles in early siage
nonsmall cell hung cancer.
mir- cn-small cell lung | wp MicreRNA-221 promotes
221 sancer human non-stoati cell hung
cell Ha6( wih.
nop-smatl cell ong | up miR-22§&222 regudate TRAIL
223 CANCer resistance and enhance
wmerigenicity thoough PTEN
and TIMP3 downeegolatiorn.
squamous cetl up miR-221 and miR-222

expression increased the growth
and turocrigenesis of gral
carcinosa cells.
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ostes-sarconmia

MicioRNA-221 Induces Cell
Survival and Cisplatio
Rasistancs through PISK/ALS
Pathway in Human
Osteosarcoma.
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cvarian cancer

up

Micro-RNAs and ovarian
tate of arl and
§ clisacal research

pancreatic cancer

up

ulation of ;iR-221

i roliferation of
pancreatic cancer cebls through
up-regolaiion of PTEN,

{kip2), and

foi-
221

pancraatic cancer

up

miR-221/222 induces pancreatic
cancer progression through the
regulation of mateix
metalioproteinases.

wir-
221

pavcreatic cancer

up

Metformin Causes (:1-Phase
Arrest via Down-Regukation of
MiR-221 and Enhances TRAIL
Seusitivity through DRS Up-
Reglation in Pancreatic Cancer
Ceils.

oir-
221

papiltary thyioid
CALCINGIMa

up

Expression of miHNAs in
Papiliaty Thyreid Carcinomas [s
Associated with BRAF Mutation
and Clinicopathalogical Features
in Chinese Patiends.

mir-
221

ithary thyreid
1omna

up

Integrated analyses of
microRNA and mRNA
expresst ofiles i

papillary thyroid
cascinoma

up

toir-
221

papiltary thyroid
carcinoma

up

In vivo imaging of fonctionat
targeting of miR-221 in
papillary thyroid carcinoma.
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up I vivo imaging of mil-221

biogenesis in papiliary thyreid
Carcinema

toir- DPIOSIAte Cancer up MiR-221 promotes the

22 development of androgen
independence in prostate cancer
cells via downregulati
BECTID2 and RASLA.

foir- prostate cancer down | Dowaregulation of miR-221, -

221 304, and -152 contributes to
pathogenesis of prostate cancer
by targeting Bmi-1.

mix- SQUATOTS P Dnique MicroRNA Expression

221 carcinena Profiles in Cervical Cancer

roi- thymid carcincma G MicroRNAs (miR)-221 and

221 miR-222, both overexpiessed in
human thyrotd papilacy
carcivowas, segulate p27Kipd
protein lavels and cell cycle.

mii- gastric cancer up MicroRNA profiling of husnan

223 AStC Cancet.

mir- anapiastic thyroid up ictePNA signature can

222 CArCLo LA rate primary
lymphomas from anaplastic
carcinoroas in thyroid cytology
SWeArs.

i) bladder cancer up {ncieased expression of miR-2

222 is associated with poor
prognosis in bladder cavcer.

wi breast cavgcer up Avalysis of serum genome-wide

222 mictcRNAs for breast cancer
detection.

oir- breast cancer up 222 promotes S-phase

222 d cellular roigeation in

ike breast

H
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breast cau

er

"

TRPSI ¢ ting by mik-
notes the epitheliat-
to-mesenchy mal transition in

braast cancer.
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chondro-saoma

dowo

Analysis of microRMAS
expressions in chondrosarcoma.

chordoma

down

MicroRNA expiession profiling
iev potential function of
NA-31 tn chordomas.

up

MRNA-223 promotes gasitic

cancer invasion and metastasis
by targeting tumor suppressor
EPB411.3.

gastric cancer

up

Increased miR-222 in H. pylori-
associated gastric cancer
correlated with tumor
progression by promoting cancer
cell prokiferation and targeting
RECK.

gasttic cancer

up

Deregulated microRNAs in
gastric cancer tissue-derived
mesenchymal stem ceils: novel
biomarkers and a mechanisi fox

gastric cancer

up

PLOQE
cancer

gastric cancer

up

miR-222/VGLLA/Y AP-TEAD |
regniatory loop prewetes
pooliferation and ivvasion of
gastric cancer celis.

gastro-totestingl

stromal tomor

down

Down-regulation of miR-221
and (dR-222 correlates with
pronounced Kit expression in
gasiroiniestingl stroual tuinos.
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gastro-intestinal
stromal trwet

dowi.

Munktipte sporadic
gastrointestingl strotal twinors
concomitant with ampuilary
adenocarcingroa. a case ¥eport
with KIT and PDGFRA
wtationat analysis and nuRR-
2217222 expression profile
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foix-
222

sliobiastoma

down

ssion of 19 mictoRNAS in
4 astoma and cousparison
with other brain neoplasia of

YT

grades I-{{

1
X
T

1=

glioma

Co-suppression of miR-221/222
chuster suppresses human

cell growth by targsting p27kipl
in vitro and in vivo.

glioma

up

MiR-221 and miR-222 target
PUMA o induce cell survival in
ghioblastona.

glioma

up

MiR-221/222 promote human
ghioma cellinvasion and
angiogenesis by targeting
TIMP2.

wir-
222

bepato-cellalar
carcinema

GNAYS ihibits tumor cell
migration and invasion and is
post-transcriptionatly regulated
by miR-222 in hepatocetiniar
CATCINOIMA.

fois-
222

hepato-celluiar
carcinonma

up

Role of microRMNA-155 at eardy
stages of hepatocaicinogenesis
induced by choline-deficient and
amine actd-desined diet in
C3TBL/G mice

foi-
222

hepato-celhalar
cascinoma

up

mikR- 22 regudate TRAIL
resistance and enhance
mmerigenicity thiugh PTEN
and TIMP3 downeegolatiorn.

i
222

hepato-cellulac
CArcinomg

up

Expiession of microRNAS, miR-
21, wik-31, miRk- 1R-145,
iR-1 462, oik-200¢, ;i
miR-222, and miR-223 in
patients with hepatocel
carcinoma or intrahepatic
cholangiocarcinoma and its
progno
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CALCINGING

MictoRNAs in Hepatobibiaty
and Pancreatic Cavoers.
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hepato-celbular
CACINCMA

Expression of serum
mictcPNAs (i L iR~
0iR-216) in human

elldar carcinorg and its
clinical siguiticance].

foir-
222

welanoma

up

The abrogation of the
HOXB7/PEBX2 complex induces
apoptosis i melanoma through
the miR-221&222-¢c-FOS
pathway

non-small cell tong
cancer

up

miP-221&222 regulate TRAIL
resistance ang enhance
tmorigenicity through PTEN
and TIMP3 downregulation.

non-smatl cell kung
cancer

Use of Luminex sMAP bead-
based suspension array for
detecting microRNA in NSCLC
Hissues and its chinioal
application.

mii-
222

otal squamons cell
cascinoma

up

miR-221 snd miR-222
expresston increased the growth
and turoorigevesis of oral
carcinoroa celfs.

mir-

222

pancreatic cancer

up

miP-221/222 induces pancreatic
cancer progression through the
regulation of matex
metalioproteinases.

papiltary thyroid
carcinoma

up

Integrated analyses of
microRNA and mRNA
expression profiles in sggressive
papitlary thysoid carcinoma.

Lary thyroid
CArCINONa

up

MicroR NA anatysis as a
potemial diagnostic tock for
papillary thyroid carcinoma.

papitlary thyroid
carcinoma

up

MicroRNA. signature
distinguishes the degree of
aggrassiveness of papiliary
thyroid carcinoma.
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papillaty thyroid up Circndating mictoRNA profiles
Carcinoma as potential biomankess for
diagnosis of papillary thyroid
CArCincroa.
foir- papiltary thyroid up Exprassion of miRNAs in
222 Carcinema cinowmas [s
ted with BRAF Mutation
and Clivicopathological Feature
in Chinese Patients.
thyroid carcinoma B MicroRNAs (iniR)-221 and
miR-222, bath overexpressed in
human thyroid papitlary
carcinctoas, regulate p2 7Kipi
protein levels and cell eycle.
iE- endometrial cancer up
222-
3p
ir- acuie myeloid down | Cell-cycle regolator E2F1 and
223 ieukemia mictoRNA-223 comnprise an
aoreguiatory negative
feedback loop in acnie myedoid
teukemia.
ir- bladder cancer up Micro-RNA. profiling inkidney
223 and bladder cancers.
toir- chronic down | MicroRNA-223 expression is
223 Iy mphooytic uniformly down-regulated in B
ieukemia cell lymphoproliferative
disorders and is associated with
poot survival in patiests with
chinic lymphocytic leukemda
chiosic down. | [Expression of microRNA-223
Iywphecytic and its clinical value o B
leukemia tymphopmliferative disorders].
colorectal cancer up fation of i

Tession with i
instability status in colore
adenocarcincroa.
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colokectal cancer

up

Circuiating Exosowmal
microRMAg as Biomarkers of
Colon Cancer.

colorectal cas

up

MicroRNA-223 fimctio
oncogene i human colotectal
cancet celis.

colorecial cancer

up

Overexpression of miR-223
carlates with tomor metastasis
and poor prognosis in patisnts
with colorectal cancer.

colorectal cancer

C/ERP-7-activated micioRNA-
223 promotes tomour growth
thiough targeting RASAT in
buman celorectal cancer.

foi-
223

endometnal cancer

down

MR35 suppresses endometrial
carcioewa cells profiferation hy
targeting [GF-3R

1ir-
223

esophageal adeno-
CArCIIOING

up

MictoRNA 223 is Up-regulated
in the Multistep Progiession of
Barreit's Esophagus and
Modwlates Sensitivity to
Chemotherapy by Targetng
PARPI.

esophageal cavcer

down

Ditfetential expression of
miRMAS in esophageal cancer
tissue.

esophagenl
squamons cell
carcinoma

up

Clinical significance of serom
miR-223, wilk-25 and miR-375
in patients with esophageal
squawous cell cascinoma

gastric cancer

mRNA-223 promotes gastric
cancer invasion and wetastas
by targeting tumor suppissor
EPB41L3.
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gastric cancer

MicioRNA-223 functions as an
ovcogens iv. human gastric
cancer by targeting
FBXW7/hCdc4.

PCT/US2017/015417

Plastoa micreRNAS, miR-223,
m and tiR-218, as novel
potential biomarkess for gastric
cancer detection.

aastric cances

up

MicroRNA protiling of husnan
gastric cancer.

foi-
223

glioblasioma

up

mictoRNA-223 promotes the
growth and invasion of
glioblastoma cells by tatgeting
fmor suppressor PAXG.

bepato-cellalar
carcinema

up

Cirenlating micro&NAs, miR-
21, wik-122, and wik-223, in
patients with hepatocelhular

cascivoma or chronic hepatitis.

hepato-celhular
carciroma

down

iRole of mictoRNA-223 and its
farget gene cnoogene ¢-my¢ in
hepatocelllar carcinoma
pathogenesis.]

bepato-cellilar
CArCIIOING

down

Expression of microHNAs, mik-
2E, mik-31, miR-122, mik-145,
miR-146a, IR-200¢, ;ik-221,
miP-222, and miR-223 in
patients with hepatocelbular
carcivoma or intrahiepatic
cholangiocarcinona and its
progna

hepato-cellular
CAXCINOING

down

Solatde Epigenctically
Regulates miR-223 and
Promotes the Migratico of
Human Hepatocellnlar
Carcinoma Cells.

223

kidvey cancer

up

3 in clear
wa and its

Pexpression of
cell renal celi
significance].
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fung

o
2
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dowi.

s &S 2 potent
23507 0f the Lewis
hng cawinoma cell line by
targeting insolin-like growth
factor-1 recepror and cyclin-
dependent

)
58 2.
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mantte cell
tymphoma

down

MicroRNA-223 expression is
uniformly down-regulated in B
cell ly mphoproliferative
digorders aod is associated with
poor survival in patients with
chronic lymphocytic leukemia

=

mantle cell
Iymphora

dowo

fExpession of wicroRMA-223
and its clinical value in B
tymphopmliferative disorders].

oir-

vaso-pharyngeal

cancer

down

Circulating miR-17, mik-20a,
miR-29¢, and wik-223
Combined as Non-Invastve
Biowmarkers in Nasopharyngeal
Carcinoma.

wir-
223

vaso-phatyngeal

carcinema

down

MiR targeting MAER
suppresses protiferation and
migration of nasophatyngeal
carcitoma cells.

splenic warginal

zoove Jytuphe

wa

down

MicroRNA-223 expression is
uniformly down-regulated in 3
cell lymphoproliferative
disorders and is associated with
poor survival in patients with
chirounic lymphocytic leukermniy.

splenic marginat

zoue hyvipho

iR

down

{Exprassion of oicroRNA-223
and its clivical value in B
bymphoproliferative disorders).

prostate canc

2r

up

MIR-223-3p targeting SEFTS
protasies the biclogical behavicr
of prostate cancer.

ast cancer

up

MicroRMNA-224 targets RKIP to
controk ceit invasion
exprassion of metastasis genes
in hsenan broay

G
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- cervical cancer up 1 of microRNA-224
24 ed with aggressive
progression and poor prognosis
in homan cervical cancer.
foix- colorectal cancer up iation of miR-224
promotes cauncer cell
pwlitesation and ivvasion aod
predicts relapse of colorectal
cancer.
ir- colorestal cancer up Molecular blomarkers and
4 classification models in the
avalvation of the proguosis of
colorectal cancer.
mix- colorectal cancer down | MicroRNA-224 suppresses
224 colorectal cancer cell magraticon
by targeting CdcdZ,
fois- colorectal cancer up The clinical and biotogical
224 significance of MIR-224
expression in colorectat cancer
metastasis.
mi- colorectal cancer up mictoRNA-224 Prowotes Cel
224 Protiferation and Tnor Growth
in Human Colorectal Cancer by
Repressing PHLPPE and
PHLPP2.
iz~ gastric cancer up {Effact of antisense miR-224 on
4 gastric cancer cell proliferation
and apoptosis].
wir- alioma up Upregntation of mictoRNA-224
224 confars a poot prognosis in
glioma patients.
toir- hepato-celluiar up Transcriptional regulation of
224 carcinoma wiR-224 upregulated in butran
HCCs by NE?B inflarnmatory
pathways.
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- up Aundrogen patbway stimulates
24 mictoRNA-2 162 teanscription to
suppress the tumor suppressor in
lung cancer-1 gene in eardy
hepatccarcing ganasis.
ix- hepato-cellular up MicroRNA-224 is up-regulated
224 CANCINC LA in kepatoceltiular carcinoma
through epigenctic mechanisins.
up mR-224 prowotes o
migratios and inv \
madulating p-PAK4 and MMP-9
via targetiog FIOXD 10 in buran
hepatocelhular carcinoma.
mir- hepato-celhular up MicreRNA-224 upreguiation
224 carciroma and AKT activation
synergistically predict poor
progurosis in patients with
bepato-cellislar up
CATCINOIMa nization idevtifies miRk-
B#5-5p as a potential marker for
detecting liver pathologies.
wir- wieningioma up MicroRNA-224 targets FRG2
224 and contributes w0 malignant
progressions of menirgioma.
ir- vou-swiall cell lung | down | Decieased m NA-224 and
224 cancer is clinical significance in non-
swab cell Jung cancer patients.
wir- prostate cances dowo | MicroRNA-224 inkibits
224 progression of uman postate
cancer by dowroegulating
TRIBI.
wir- prostate cances dowo | Timour-suppressive mictoRNA-

224 inhibits
migration and
targeting onco;
prostate cancer.

ncer cekl
o6 via
amic TPDS2 in
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prostate cancer

dowi.

MicioRNA-224 and its target
CAMEK? svuergisticatly
influsnce twmos progression and
patient proguosis in prostate
cancer.
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cvarian cancer

up

Expression of miR-22.
associated with the original
crsplatin resistance of ovanan
papilaty serous carctnoma.

mvelo-
teukeviia

dowi.

Revealing genome-wide nRNA
and microRNA ex i
patteros in leokemic cells
hightighted "miR-2278" as a
futnor suppressor for regain of
chemotherapentic inatinib
response due o taigets

bladder cancer

Micro-RNA profiling in kidney
and bladder cancers.

breast cancer

up

C-MYC regnlated miR-23a~24-
2~27a chisier promates
marnanary carcingtoa ceit
invagion and hepatic metastasis
by targeting Sprouty 2.

colon carcinona

up

{Expression and chivical
sigoiticance of mik. and
metastasis supprassor o colon
carcinomal.

colorectal cancer

up

Cirendating Exosomal
microRMAs as Biomarkers of
Colon Cancer.

gasteic adenn-
carcinoma

up

MicroRNA-23a promwtes the
arowth of gastiic
adenocascinoma cell ling
MGC803 and downregnistes
interleukin-6 receptor.

gastric adeno-
carcinoma

up

miRk-23a targets iterferon
regulatory factor 1 and
modiiates celbular profiferation
and paclitaxel-ind
in gastric aderocari

S
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gastric cancer

MiR-232 in Amphified |
Loct Targets Metalloth
and Promotes Gowih o
Cancer Celis.

Gastric

PCT/US2017/015417

gastric cancer

Upregutation of microRMNA-
23a/b prowotes tumot
progression and confers poor
Progrosis in patients with gastri
cancer.

gastric cancer

up

miPN. prowmotes gastric
cancer invasion and metastasis
eting huor suppressor

glioma

up

HOXD1O.

hepato-celhular
carciroma

up

Star3-mediated activation of
miR-23a suppresses
ghiconeogenesis in
hepatoceliular carcivowa by
downregnlating G66C and 0GC-
1?

laryngeat cancer

up

High mictoRNA-23a expression
in laryvgeal squartons cell
carcinoma is associated with
POOL patient Prognosis.

veure-blastoma

MicroRNA-23a promotes
neuroblastoma cell metastasis by
targeting CDHI.

GStes-5arcoma

down

wiR-23a supprasses
proliferation of osteosarcoma
cells by targeting SATE].

CHLEC-Sarcoma

down

MiR-23a Functions as a Tumor
Suppressor in Ostecsarcoma.
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dowi.

Dowuregalation of mictoRNA-
es prostate cancer
metastasis by targeting the
PAKSG-LIMKI signating
pathway.

PCT/US2017/015417

bladder cancer

up

Micro-RNA. profiling in kidney
and bladder cancers.

bladder caucer

dowi.

MicioRNA-23b functions as a
TWINOS § sot by segnlating

Zebl in bladder cancer.

3)
o)

gastric cancer

up

miPNA-223 promotes gastric
cancer invasion and metastasis
by targeting ot suppiessor

EP

gastiic cancer

Upregntation of microRNA-
23a/b prowotes ot
progression and confers poor
pwgnosis in patients with gastric
cancer.

gasttic cancer

dowd

‘The reciprocal regniatiov. ioop of

Motch? pathway and ik-23b in
conrolling gastric
cascivogenest

glioma

down

miPNA expression piofiling in
sioblastoma cells:
u of cell migration and
invasion by miR-23b via
targeting of Pyk2.

ovarian cancer

MicroRNAs overexpressed in
ovarian ALDHI-positive cells
are associated with
chemoresistance.

down

miR-23% represses proto-
oncogene Src kivase and
functions as methylation-
silenced tuimor suppressor with
diagnostic and progrostic
siguificance in g
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b up Association betweel

24 mer-378 o torwal
paraffin-enbedded tssues of
braast cancer.

ix- breast carcinoma up MicroRNA. miR-24 Enhances

24 Tumor Invasion and Metastasis
by Targeting PTPNY a i3
10 Proviote EGE Signaking.

gastric cancer down | Tumor suppressor miR-24
ins gasiric cancet

progression by downregulating
ReglVv.

iE- glioma up

2

mii- hepato-cellular up MicroR NA-24 Modulates

24 cascinoma Aftatoxin B l-Kelated
Hepatocelbilar Carcinoma
Prognosis and Tumorigenesis.

mir- hepato-celhular up miP-Z4 promoies the

24 carciroma proliferation and invasion of
HCC cells by targeting 30X7.

fois- laryngeal squatoces | down | miR-24 functicns as a tomor

24 cell carcinoma suppressor in Hep? latyngeal
carcinorma cells partly through
down-regniatics of the $100A8
protein.

foix- hung cancer Bp Evahuation of dynami e

24 of seoim miR-2 1 and nuR-24 in
pre- and post-operative long
carcinoroa patients.

- naso-pharyngeal up iClinical significance of plasma

24 IR miR-24 dysregulation in
nascphary ngeal carcinoma).

foix- nop-smatl cell ung | up Upregulation of ik -2

24 Cancer prowetes cell proditewation by

cell fong cancer.
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won-small cell lung up Circulating miR-22, mik-24 and

cancer miR-34a as novel predictive
biomarkers to pemetrexed-based
chemotherapy in advancad non
sroall cell hung cancer.

oral squamous cell Y] miR-24 up-regulation in oral

carcinoma cascinon sitive association
frow clinical snd in viteo
analysis

oral squaimnais cell P Gevowewide Study of Salivary

carcinona MicioRNAs for Detection of
Oral Cancer.

CStec-5arcoma down | MicroRNA-24 inhibits

osteosarcoroa cell protiferation
both in vitro and in vive by
targeting LEAATY.
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CArcinoma

hepatoceliniar
carcioema

down

mir-248

down

oir-327-
3p

glioblastoma

down

wir-218

SASIRIC Cancet

down

mig-£27-
3p

osteosarcoma

down

mi-248

gastric cancer

down

mir-1271

gasliic cancer

down

mie-218

gastric canoer

down

wir-1271

hepatoceliniar
carcinoma

down

toir-21%

gastric cancer

down

mir-1271

otal sEUAMONS
cell caminoma

down

mic-218

gastrointestinal
stiomal fumor

down

mir-128

glioblastoma

down

mic-218

ghiowa

down

mir-128

glioblasioma

down

mic-218

ghiowa

down

mir-128

glioblastoma

down

mic-218

head and neck
siquamous cekl
carcinoma

down

mir-128

mic-218

hepatoceitulat
Carcinoma

wir-128

wwir-218

wir-128

w218

mir-128

0ir-218

hung cancer

mir-128

mie-21R

tung cancer

wir-128

glioma

dawn

hung squamens
cell carcinoma

dawn
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wr-328 head aud neck | down wir-218 malignant dowi
squatne welanoma
carcingma
wr-328 [T dowi wir-218 nasophaty ngeal dowi
cavoer
wr-328 prostate dowi wir-218 oral cancer dowi
cancer
wr-128 prostate wir-218 OSIEOSATCOIA
cancer
mir-§28- hepatoceliniar | down roir-21% pancreatic doctal { down
3p carcinoma adenocarcinoma
mir-128¢ bladder cancer | down mie-218 pstate cancer down
-3 280 maligoav down wir-218 prostate cancer down
melanoma
-3 285 renal cell down wir-218 renal celi down
carcinoma carcinoma
-3 283 meduboblasta | down wir-218 renal clear ceit down
ma carcinoma
mir-£29 bieast cancer down mir-219- ghioblastoma down
5p
nir-129 colorectat down mie-215- ghioroa down
cancer sp
0ir-129 alichiastoma dawn toir-219- hepatoceihular dawn
Sp carcinoma
mir-129 non-small cell | down mie-219- papiliary thyroid | down
hng caveer 5p CArcinoma
gastric cancer | down mir-22 bieast cancer Wi
mir-129- gastric cancer | down mie-22 breast cancer down
by
nr-129- gastiic cancer | down mie-22 colon cancer down
3p
0ir-}29- renal cell dawn toir-22 calon cancer dawn
3p carcinoma
mir-£29- gastric cancer | down mit-22 colon cancer down
5p
nr-129- gastuic cancer | down w22 colorectat cancer | down
5p
nr-129- hepatocellndar | down w22 esophageal down
T carcinoma squanions cetl
¢arcinoma
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wr-129- dowi wir-22 esophageal dowi
T squamons cetl

carcingma CArcingma

wr-129- medullaty dowi wir-22 gastric cancer dowi

T thyroid

carcingoa

wr-129- ovarian cancer | down wir-22 gastric cancer dowi

p

wr-1291 | cell w22
carcinoma

mir-1294 285G down 0ir-22 down
caTcinoma

mig- colorectal down toir-22 hepatoceliular down

1295b-3p cancer carcinoima

wiir-1296 prostate dowil rir-22 down
cancer

wiir-1297 Hung dowi rir-22 lung cancer down
adenocascing
G

mir-1307 coloreciat dowit mir-22 wedulloblastom | down
cancer &

mir-130a breast cancer dowit mir-22 0StR0SACOMA dowit

mir-130a endometrial dowit mir-22 0StR0SACOMA dowit
cancer

mir-130a hepatocelludar | down 22 t-cell fymphoma | down
carcino g

mir-1300 coloractat down nir-220a oral squanous down
cancer cell carcinoma

nr-1300 endometeial down mie-221 gastromtestinal down
cancer stromal tumox

mir-1300 hepatocelidar | down nie221 gastrointesiingl down
carcinosng stromal tuimos

mir-130b ovarian cancer | down toir-221 non-smali cell dawn

Lung cancer

mir-130h papidlary down mit-221 prostate cancer down
thyeni
carcinona

mir-130h prostate down mit-222 chondrosarcowa | down
cancet
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wr-132 breast cancer dowi wir-222 chordoma dowi
mir-132 colorectal down 10ir-222 gastrointestiral down
cancet stiomat tumor
mir-132 liver cancer down mie-222 gastrointestingl down
stromal tuinos
mir-132 0stecsarcoma down mie-222 ghicblastoma down
oiir-332 osteosarcemwa | down wir-223 acute wyeloid dowin
leukermia
oiir-332 pavcrestic dowin wir-223 chisonic dowin
carcinoma tymyphaocytic
eukemia
wir-333a bladder cancer | down wir-223 ctwonic down
tymyphaocytic
Jeukenmia
wir-333a bladder cancer | down wir-223 endometsial down
cancer
mir-£33a bieast cancer down mi-223 esophageal down
cancer
mir-£33a colorectal down mi-223 hepatocethilar down
cancer carcinoma
mir-£332 colorectal down mir-223 hepatoceliular down
cancet Carcinoma
mir-£33a colorectal down mi-223 hepatocethilar down
cancer carcinoma
mir-133a coloractal down mi-223 tung cancer down
cancer
mir-133a calorectal dawn toir-223 mantle cell dawn
cancer tymyphoma
mir-133a esophageal down mie-223 wantle ceit down
sanamons celd bymphoma
CArCinOmA
mir-£332 esophageal down mir-223 nasophary ngeal down
squaimons celb cancer
carcinoma
mir-£332 gastric cancer down mir-223 nasopharyngeal down
carcinoma
mir-£332 gastric cancer | down mir-223 splenic marginal { down
zose lymphoma
nir-133a gastiic cancer | down mie-223 splenic marginal | down
zone fymphoma
wir-133a gasteic cancer | down roir-224 codorectal cancer | down
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wir-1334 head aud neck | down wir-224 nou-sinali cell dowi
squato: tung cancer
sarcinorg
wir-1334 he i dowi wir-224 prostate cancer dowi
sq Y
sarcinorg
wir-1334 he dowi wir-224 prostate cancer dowi
mir-$33a down toir-224 piostate caticer down

Carcinoma

mir-§33a noo-smali celi | down 10ir-2278 choomic down
myelogenons
lenkewia
mir-1332 osleosarcoroa | down roir-23a OSE0SAI0 A down
mir-1332 ovarian cancer | down mie-23: asteasarcoma down
wir-333a pancreatic down wir-23a prostate cancer down
cancer
wir-333a renal cell down wir-23h biadder cancet down
carcinoma
wir-333a- | prostate down wir-23h £ASIFIC Cancet down
H cancer
mir-1332- | pwostate down mie-236 ghiowa down
2 cancet
mir-133b bladder cancer | dawn toir-23b prostate cancer dawn
mir-133h colorectal down mie-24 gastric cancer down
cancer
ur-1330 esophageal down wir-24 laty ngeal down
squatsous cell squavions cell
carcinema Carcingma
ur-1330 gastuic cancer | down wir-24 osteosarcona down

mir-$33% gastric cancer | down roir-24-3p | colorectal cancer { down

mir-133b gastric cancer | down mie-28 colon cancer down

oiir-3336 gasteic cancet | down wir-25 prostate cancer down

{oid

mir-£33b Iang cancer down mir-264 ute Wi
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wir-133% prostate dowi wir-262 bladder cancer dowi
cancer
mir-134 endometrial down 0ir-268 bieast cancer down
cancer
mir-134 hepatoceliniar | down 0ir-268 bieast cancer down
cascinoma
mir-135a pancreatic down mie-26a breast cancer down
dustal
adenocarcing
ma
mir-§352 prostate down 0ir-268 choomic down
cancer myelogenous
fenkemia
mir-1352 renal cell down 10ir-263 gastric cancer down
carcinoma
mir-135a- 1§ clear cell down mie-26a hepatoceitular down
5p renal cell carcinoma
cancer
mir-136 chondrosarco down mie-26a hepatoceitular down
ma Carcinoma
mir-136 alioblastoma down mie-26a hepatoceitular down
carcinoma
mir-136 glioma down mie-26a hepatoceitulat down
carcinoma
oir-336 oral squarious | down wir-26a hepatoceBular down
cell carcinoma carcinoma
mir-137 anapiastic down 10ir-263 hepatoceliular down
astrocytoma carcinoma
mir-137 colaractal down mie-26a hepatoceitular down
cancer carcinoma
mir-137 colorectal down mie-26a tung cancer down
cancer
oir-337 gastric cancer | down wir-26a malignant down
melanoma
wir-337 ghioblastoma down wir-26a 0ral SqUAOUS down
celt carcinoma
mir-£37 glioblastormns down mir-268 osteosarcoma down
mir-137 glioblastoma dowit mir-262 papillary thyroid | down
carcinoma
wir-337 glichiastorma down wir-26a primaty thyroid down
Iy mphoma
mir-137 glioblastoma down mit-26a prostate cancer down
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al carcinoans

tung cancer

wr-137 gliowms dowi wir-262 prostate cancer dowi

mir-§37 hepatoceliniar | down foir-260 bieast cancer down
cascinoma

mir-137 hepatocelludar | down mie-26h breast cancer down
carcincroa

mir-137 muitiple down mie-26k breast cancer down
myeloma

mir-137 neumblastom down mie-26h colarectal cancer { down
a

wir-337 NOT-SING dowin wir-26h glioma dowin
lung cancer

oir-337 ovarian caucet | down wir-26h hepatecelular down

carcinoma

mir-£37 uveal down mir-26h hung cancer down
melavema

mir-138 anaplastic down nie-26h noa-seali cefl down
thyroid bung cancer
carcinoma

nir-138 chionic down Mie-26h oral squamous down
iy mphocytic cell carcinoma
leukesnia

mir-138 chionic dowit mir-26h 0StR0SACOMA dowit
myelogenous
leukesnia

mir-138 colorectat dowit mir-26h 0StR0SACOMA dowit
cancer

mir-138 asophageal dawn toir-26b prostate cancer dawn
squatogous oeil
cal

mir-138 head and neck | down toir-27a acute leukemia dawn
squatnous ceil
carcingroa

wir-33% head avd neck | down wir-27a coborectat cancer { down
squatnous ceil
carcingroa

oiir-338 head avd neck | down wir-272 esophageal down
squatacus cell ms cell
carcingroa

oiir-338 hepatoceliniar | down wir-272 down
carcinoma squamons ceil

carcingma
oiir-338 Ing caveer down wir-272 glioma down
oiir-338 nasophatynge | down wir-272 nou-simall cel down
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wir-138 non-sinall cell | down wir-27a suall cell hg dowi

g cam caveer
mir-§38 noo-small celi | down 0ir-273% head and neck down
g caucer sequamons cebl
catcinoma
mir-§38 noo-smali celi | down 10ir-270 i down
g caucer
mir-138 oral squamous | down mie-28-3p | colerectal cancer { down
cell carinoma
oiir-334 ovarian caucer | down wir-28-5p | colotectal cancer | down
mir-£38 papillary down mir-28-5p | renal coll down
thyioid CArcinema
carcinoma
mir-£38 reqal cell down mi-29 down
carcivema
mir-138 renal clear down nie-2%a down
cell carcinoma
CArcinoma
nir-138 smail cell dowi mie-29 gastric cancer down
hung cancer
0ir-339 calorectal dawn toir-252 gastric cancer down
cancer
wir-339 catorectal dawn toir-252 gastric cancer dawn
cancer
mir-339 calorectal dawn toir-252 gastric cancer dawn
carcinoma
mir-139 glioma down mie-29a gastric cancer down
wir-139 cellufar | down wir-2%a head and neck down
104 squatious cetl
CArcinoma
wir-139 hudar | down wir-2% hepatocellular
(7] carcinoma
nir-139 hepatocelldar | down mie-2%a hepatoceilolar down
carcino g carcinoma
wir-}39- cotorectal down wir-25a hepatoceliutar down
5p canoer carcinoma
mir-139- glioblastoma down mit-29a hepatoseitular down
5p carcinoma
wir-339- hepatocelindar | down wir-2%a snantle cell dowi
Sp carcinoma tymphona
mir-$40 esophageal down roir-2%a mesenchytmal down
cancet Cancer
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wr-340 non-sinall cell | down wir-2%2 ENGHOCY HE dowi
g cam lenkewia
wr-346- colorectal dowi wir-2%a neuroblastoma dowi
3l cancer
mir-$40- hepatoceliniar | down 10ir-2%3 down
Sp carcinoma
mir-$40- liver cancer down 10ir-2%3 down
Sp
mir-141 bladder cancer | down r0ir-293- down
3p
mig-141 gastric cancer | down roir-25% chronic down
lvniphocytic
cokernia
mig-141 gastric cancer | down roir-25% colorectal cancer { down
mir-141 gasteic cancer | down 10ir-250 esophageal down
seguamons cebl
mig-141 gastric cancer | down roir-25% down
mir-141 hepatocellwiar | down miv-2% gastric cancer down
carcinGroa
wir-34% hepatocelhniar | down wir-29h ghiohlastowa down
carcinoma
mir-141 hepatocelhalar | down i-29 hung down
carcinoma adenocarcinoma
mir-141 fung down mic-2% martle cel down
adenocarcino by mphoma
ma
nur-14% mesenchymal | down 26 monocytic down
cancer leokenia
wie-34% osteosarcewa | down wir-25h non-simali celd down
tung cancer
mir-141 ovarian cancer | down i-29 non-smali ceil down
Jung cancer
nur-1431 pancreatic down mie-26h non-serall ceit down
cancer iung cancer
wir-341 renal cehl down toir-25b OSIE0SATCOIA dawn
carcinoma
wir-141 renal clear down wir-25b prostate cancer down
cell catcinoma
wir-342- acute down ir-25b-1 | gastric cancer dawn
3p Iymphoblastic
fenkenia
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wr-142- colon cances dowi wir-25b-1 head and neck dowi
3p squanions cell
CArcingma
wr-142- glioblastona dowi wir-25b-1 hepatocelinlar dowi
3 carcinoma
mir-$d2- hepatoceliniar | down 10ir-250-1 | hepatocelbular down
3p cascinoma carcinoima
mir-142- mantle cell down mir-296-1 | hepatoceitular down
3p tymphoma carcinoma
wir-342- osteosarcewa down wir-2%h-1 mesetchymal down
3p cancer
mir-£42- lung cancer down mir-25%b- nmesenchyinal down
5p 1-5p canc
nir-142- wiantle cell down mie-26b-2 | gastric cancer dowi
5p byinphotia
nir-142- ostaosarcoma | down nir-26b-2 | head and neck down
Sp squatious cetl
CArcinoma
nir-143 bladder cancer Owil mie-29-2 | hepatoceitolar down
carcinoma
oir-343 biadder cancer | down toir25b-2 | hepatocebiular down
carcinoma
mir-143 bladder cancer | down mit-296-2 | hepatoceibulat down
carcinoma
nir-143 breast cancer down wir-2%h-2 | mesenchymal down
cavoer
wiir-143 cervical down wir-29 bladder cancer down
cancer
mir-143 colon canser down 1oir-25¢ esophageal down
sgeamons cell
catcinoma
ir-343 colon cancer down toir-25¢ gastric sancer down
mir-143 colon cancer down ie-2%¢ gastric cancer down
mir-143 colon cancer down mie-2%¢ 2Astric cancer down
mir-143 colon cancer down mie-2%¢ 2Astric cancer down
unr-143 colorectal down wir-2%¢ gastric cancer down
cancer
mir-143 cotorectal down 10ir-25¢ Sasiric cancer down
cacer
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wir-143 colorectal dowi wir-2%¢ gastric cancer dowi
cancer
mir-143 colorectal down 10ir-25¢ glioma down
cancer
mir-143 colaractal down mie-2% head and neck down
cances squamous cetl
Carcinoina
mir-143 colaractal down mie-2% hepatocellular down
cancer carcinoma
oiir-343 calorectal dowin wir-29¢ hepateceliular dowin
Carcinoma carcinoma
mis-£43 colorectal down mir-2%¢ hepatocetbular down
Carcioema CArcinema
nir-143 colorectat down mie-2%¢ hepatocelolar dowi
carcinoma carcinoma
oir-343 endometrial dowi toir-25¢ hepatoceliular dowin
cacer carcinoma
oir-343 hageal dowi toir-25¢ hepatoceliular dowin
quaracus ceil carcinoma
carcingroa
oir-343 gasteic cancer | down toir-25¢ hung cancer down
mir-143 gastric cancer | down mie-2% wantle celt down
lymphoma
wiir-143 gastric cancer | down rwir-29 mesenchynial down
cavoer
mir-143 glioblastotma down 10ir-25¢ nasophacy ngeal down
canoer
mir-143 glioma down 1oir-25¢ nasophaty ngeal down
carcinoma
mir-143 hepatoceliular | down toir-25¢ dawn
carcinoma
mir-143 malignant down 10ir-25¢ pancreatic down
melanoma cancer
mir-143 nasopharynge | down mit-300 bi down
al carcinoma
nr-143 nasopharynge | down wir-300 head and neck
a} carcinoma squanions cetl
carcinoma
nr-143 non-sinall cell | down wir-301a endometrial down
g canc caveer
mir-143 noo-smali celi | down 10ir-301b endometiial down
Cancer
mir-143 down mir-3022 olon cancer down
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wir-143 ostessarcoma dowi wir-302a prostate cancer dowi
wir-143 pascreatic dowi wir-302b esophageal dowi
ductal squamons cetl
adenocarcino £arcinoma
ma
mir-143 prostate down mit-302h gastric down
Cancer adenocarcinoma
wir-143 prostate dowi wir-302b dowi
cancer
mir-143 prostate down r0ir-302b down
carcinoma
wiir-143 prostate dowi wir-302¢ hepatocellular dowin
cancer carcinoma
mir-143 renal cell owil nie-302 breast cancer dowit
carcinoma
wir-344 biadder cancer | down toir-30a breast cancer down
wmir-144 cholangiocarc | down toir-30a breast cancer dawn
inoma
mir-144 gastric cancer | down mic-30a breast cancer down
wir-144 hepatocellular | down wir-30a chondrosarcoma | down
carcinoma
mir-144 hang cancer down roir-30a colorectal down
carcinoma
mir-144 osteosarcoroa | down roir-30a hepatocelhular down
carcinoma
mir-144 osteosarcoroa | down roir-30a non-smali cell down
lung cancer
mir-144 pancreatic down mic-30 non-smalt cell down
ductal hung cancer
adenocarcing
ma
mir-144 thyroid cancer | down 10ir-303 prostate cancer down
mir-144 uveal down mie-30a renal cell down
melancroa carcinoma
wir-143 bladder cancer | down toir-30a- codorectal cancer | down
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wir-145 bladder cancer | down wir-302- hepatocelinlar dowi
ip catcinoma
mir-145 bladder cancer | down r0ir-303- colon carcinoma { down
5p
mir-145 bladder cancer | down mie-30a- gastric cancer down
3p
oir-345 biadder cancer | down wir-30h codorectal cancer | down
mir-45 bladder cancer | down mir-300 down
nr-145 beeast cancer down 30k gastric cancer down
mir-145 biaast cancer down 30k noa-steali cell down
hing cancer
nir-145 breast cancer dowi mie-30h prostaie cancer down
ir- breast cancer dowi toir-30¢ acute royeloid dowin
leuleraia
mir-145 cervical down mie30c endometrial down
cancer cancer
wiir-145 cervical dowi rir-30¢ endometrial down
cancer caveer
mir-145 chondrosarco down roir-30¢ non-smali cell down
s lung cancer
mir-145 colon cancer down roir-30¢ non-smali cell down
Lung cancer
mir-145 colon cancer down mic-30, renal celk down
carcinoma
oir-343 colon cances down wir-30c-1 | prostate cancer down
mir-£45 colon cancer down mir-30c-2 | prostate cancer down
wiir-145 colorectat wir-30d nox-sinali cell down
canger tung cancer
mir-145 cotorectal down 10ir-30d prostate cagcer down
cascer
nr-145 colorectat down wir-30d prostate cancer down
canger
mir-145 colarectal down mit-30d renald cell down
cancet carcinoma
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wir-145 colorectal dowi wir-30d- nou-sinasli celd dowi
cancer Sp tung cancer
mir-145 colorectal down roir-30e choomc down
cancer myelogenous
lenkewia
mir-145 colorectal down roir-30e prostate catcer down
cancet
mir-145 colorectal down roir-30¢e- non-smali celt down
carciuota Sp lung cancer
mir-145 endometrial down roir-31 breast cancer down
cancer
mir-145 escphageal down roir-31 bieast cancer down
us oell
mir-145 down roir-31 chordoma down
CinG g
mir-145 escphageal down roir-31 chronic down
0 s cell myelogenons
fenkemia
mir-145 escphageal down roir-31 gasiric cancer down
squaroces coil
carcinoma
mir-145 gasteic cancer | down toir-31 slioblastoroa down
wir-343 gasteic cancer | down toir-31 glicblastoroa down
mir-145 glioblastoma down mic-31 liver cancer down
oir-343 glioblastoma down wir-31 malignant down
welanoma
mir-145 glioma down roir-31 malignant down
melanoma
mir-145 glioma down toir-31 meduticblastom | down
2
mir-145 glioma down oir-31 prostate cancer down
mir-145 glioma down mir-31 prostaie cancer down
mir-145 hepatoceliniar | down 10ir-3189- | astrocytoma down
carcinoma 3p
mir-145 hepatocelldar | down mit-3189- | ghictlastoma down
carcioctog 3p
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mir-145 hepatoceliniar | down 0ir-32 non-smali ceit down
cascinoma hung cancer

mir-145 hepatocelludar | down mie-32 non-srrall el down
carcincroa hung cancer

wir-345 hepatoceludar | down wir-32 0Ora} SQUAOUS down
CArcinoma cell carcinoma

mir-45 hepatocelintar | down mir-32 osteosarcoma down
Carcioema

mir-145 kidoey cancer | down mie-320 colon cancer dowit

wir-143 liver cancer dawn toir-320 ghictlastoroa dawn

wir-143 hng down toir-320 ghicma down
adenocarcing
ma

wnir-143 hing dawn toir-320 0StE0SANCO M down
adenocarcing
ma

mir-143 hung dawn toir-320a calon cancer down
adenocarcing
ma

mir-143 hung dawn toir-320a calorectal cancer | doawn
adenocarcine
ma

mir-143 hung dawn toir-320a calorectal cancer { doawn
adenocarcing
ma

mir-143 hing cancer dawn calorectal cancer { dawn

mir-143 hing cancer dawn toir-320a ghicklastorma dawn

mir-145 nasopharynge | down mit-320a nasopharyngeal down
al carcivowa CATcinoma

mir-£45 nasopharynge | down mir-320¢ bladder cancer down

al carcivowa

mir-£45 nasopharynge | down mir-323- down
al carcivowa p

niir-145 nauroblastom down nie-324- nasoohaty ngeal down
a P inoma

wir-145 noo-small cell | down toir-324- nasophary ngeal down
lung cancer 3p carcinoma

mir-145 ~small cell | down mit-3%6 chronic down

tang cancer myelogencus

leuleroia
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wir-145 non-sinall cell | down
g cam

wir-326 ghichlastoma dowi

mir-145 noo-small celi | down

g caucer

0ir-326 glioma down

mir-145 nop-small celi | down
hang canoer

mie-326 ghicma down

oir-345 oral squarions | down
cell carcinoma

wir-326 glioma dowin

mir-45 oual squasnous | down mir-328 colosectal cancer | down

cell cawcinoma

nr-145 OSt20sarcoma down mie-328 gastric cancer down

oir-345 osteosarcoma | down toir-328 ghicma dawn

mir-343 ostensarceroa | down toir-] gastric cancer down
mir-145 ovarian cancer | down mie-329 oral sguamons down

celi caminoma

wiir-145 ovarian cancer | dowi rir-330 ghioblastora down

mir-145 ovarian cancer | down mie-330 piostate cancet down

oir-345 ovarian cancet | down wir-330 prostate cancer down
mir-£45 ovarian cancer | down mir-331- gastric cancer down
3p

nir-145 pancreatic down mir-331- ghicblastoma
cances 3p

wir-345 pancreatic down toir-331- prostate cancer down
doctal 3p
adenocascino
s

nir-145 primary cns down mir-331- prosiaie cancer down
Iymphouias P

wir-343 down toir-335% adrenal cartical dawn

carcinoma

mir-145 prostate down mit-335 bi down
cancet

mir-145 prostate down mit-335 breast cancer down
cancet

ur-145 prostate down wir-335 breast cancer down

cancer
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wir-145 prostate dowi wir-335 cervical cances dowi
cancer
mir-145 renal cell down 0ir-335 chondrosarcoma  { down
cascinoma
mir-145 renal cetl down 10ir-335 hepatocettular down
cascinoma carcinoima
mir-145 uveal down mir-335 hepatoceifulac down
melancroa carcinoma
mir- 14654 lung cancer down mie-335 mesenchymal down
cancer
wir-346a breagt cancer down wir-335 nenrobiastoma down
mir-£462 bieast cancer down mir-335 non-smadi cell down
hung cancer
mir-1453 chionic dowit nie-335 OSROSACOIA dowit
myelogenous
leukemia

mir-1453 gastiic cancer | down nie-335 ovariaf cancer down

mir-145a gastiic cancer | down nie-335 ovariaf cancer down

wir-346a gasteic cancer | down toir-335 pancreatic down
cancer

mir-£46a glioma down mie-335 pronary down
galliladder
carcinoma

mir-1462 hepatocelhviar | down mie-335 renal clear celd down

carcivema CArcinoma
mir-1462 hepatocelhalar | down mir-335- gastric cancer

5p
wiir-146a down wir-337 parcreatic ductal
NOCArCinonIA
mir-146a g cancer down 10ir-338 gastric cancer down
mir-1462 malignant down mie-338 down
melanctoa celf caminoma
mir-£46a non-small celi | down mic-338- coloracial cancer { down
hing cancer 3p
mir-£46a non-small celi | down mit-338- colorecial down
ng cancer 3p carcinoma
nir-146a pancreatic down wir-338- gastric cancer down

cancer
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wir-346a pancreatic dowi wir-338- gastric cancer dowi
cancer P
mir-146a papillary down 0ir-338- gastric cancer down
thyroid 3p
catcinoma
mir-146a prostate down 0ir-338- hepatoceliular down
cancer 3p carcinoima
mir-146a prostate down 0ir-338- hepatoceliular down
cancer 3p carcinoima
mir-145a- 1 gastric cancer | down mie-33%- hepatoceilular down
Sp 3p carcinoma
oir-3 466 breagt cancer dowin wir-338- liver cavcer dowin
P
mir-£46h bieast cancer down ir-338- neuroblastoima down
3p
mir-1460 glioma down nie-338- non-soeali cefl down
P hung ¢
nir-146t malignant dawn toir-] breast cancer down
melanoma Sp
mir-146h non-small cell | down mie-33a hepatoceitulat down
hing cancer Carcinoma
wiir-146b- | galibladder dowi wir-33a lung cancer down
3p CAtcinoma
mir-146h- | gliobiasiotra down 1oir-333 malignant down
5p melanosia
mir-146b- | glioma down miv-33b bireast cancer down
Sp
wir-347 bhreast cancer down wir-33h OSIEOSATCOTIA down
mir-£47 oral squarnons | down mir-340 ghioblastoma down
cell carcinoma
mir-£482 bieast cancer down mir-340 ghioblastoma down
nir-148a cervical down nir-340 nos-sali cefl down
squamous cell hung cancer
carcinoma
nir-1483 colorectat down mie-340 OStROSAICOA down
cancer
mir-148a gastric cancer | down mie-342 acule down
promyetocytic
leukemia
mir-148a gastric cancer | down mie-342 colarectal cancer { down
oiir-3 488 gasteic cancer | down gliohlastowa down
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wir-1484 gastuic cancer | down ii-342- cervical cances dowi

0ir-342- non-smali ceit down
3p hung cancer

mir-148a gastric cancer | down

mir-148a gastric cancer | down mie-345 olarsctal cancer { down

mir-148a gastrointestina | down
L cancer

mit-34a b-cell tymphoma { down

mir-148a hepatocellwlar | down mic-34a biadder cancer down

carcincroa

mir-1482 hepatocelludar | down mit-34a breast cancer down

carcineroa

mir-1482 nascpharynge | down mit-34a breast cancer down

al carcinoroa

mir-1482 nop-small cell | down miv-34a bireast cancer down

hang cancer

mir-1482 nop-small cell | down miv-34a bireast cancer down

hing cancer

mir-1482 nop-small cell | down miv-34a bireast cancer down

g cancer

mir-1482 oral squamons | down miv-34a carvical down
cell carinoma carcinoma
mir-1482 ovarian cancer | down nic-34a chardowma down
oir-3 483 ovarian cancer | down wir-34a choriocarcivoma | down
mir-148a pancreatic down roir-34a choriocarcinoma { down
cancer
mir-148a pancreatic down miv-34a colon cancer down
dustal
adenocarcing
mir-148a down toir-34a colon cancer down
ductal
adenocarcive
[iak]
ur-1484 pancreatic down wir-34a colorectal cancer | down
ductal
adenocarcing
ma
mir-148h colorectal down mit-34a colorectal cancer | down

cancet
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wir-1480 gastuic cancer | down wir-34a colorectal cancer | down

mir-48h hepatoceliniar | down oir-343 endometiial down
carcisoma cancer

mir-148b hepatocelludar | down mit-34a esophageal down
carcinctoa squamous cell

Carcinoina

mir-148b liver cancer down mit-34a gastric cancer down

oiir-3 486 noo-sinall cell | down ASIIC Caneat dowin
lung cancer

mig-£48h non-small celi | down mir-343 gAstric cancer down
hng caovcer

nir-1480 non-sirall celi | down mie-34a gasteic cancer dowi
ng can

nir-148t pancreatic dawn toir-3da gastric cancer down
cancer

mir-148h pancreatic down mit-34a gastric cancer down
cancer

wiir-149 breast cancer dowi wir-34a ghioblastora down

mir-149 coloreotal down toir-343 slioblastoroa down
cancer

mir-14% gastric cancer | down miv-34a ghicblastoma down

wie-349 glioblastoma down wir-34a ghoma down

oir-349 head avd neck | down wir-34a ghoma down
squatous ceit
carcingoa

oir-349 nov-small cell | down wir-34a ghoma down
hang cancer

wir-1 50 chionic dowi wir-34a head and neck down
myelogenous squanons cetl
teukemia CAIcingma

oir-3 50 down wir-34a elular down

catcinoma

nr-350 mantle cell down wir-34a
Iyimphona

nr-150 pancreatic down wir-34a down
ductal carcinoma
adenocarcing
g

mir-£50* pancreatic down mit-34a hepatoseitular down
cancer carcinoma
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r-350- colorectal dowi wir-34a dowi
Sp cancer
mir-§ 50~ hepatoceliniar | down oir-343 hung cancer down
Sp carcinoma
mir-130- pancreatic down mit-34a ralignant down
Sp cancer melanoma
-3 5% chinnic dowin wir-34a malignant dowin
myelogenous melanoma
lepkemia
=352 breast cancer dowin malignant dowin
melanoma
mix-£52 endometrial down mir-34a nmialignant down
cancat melanoma
ir-152 gastiic cancer | down mir-34a newroblastoma down
0ir-152 gastmintesting | down toir-3da neurobiastoma down
i cancer
mir-152 glioblasioma down mit-34a non-swall celt down
lung cancer
wiir-152 ghioma dowi wir-34a JIGIEN AR down
hing
mis-£52 non-small cell | down mit-34a aial cancet down
hng caveer
wir-152 nou-simall cell | down wir-34a OSIEOSATComA dowi
ung cancer
mir-152 ovarian cancer | down roir-34a OSLE05AE0 MA down
mip-152 pancreatic down mit-34a ogteosarcoma down
cancer
woir-353 breast cancer down wir-34a OVALIaR CANCet down
mir-£53 glioblastomna down mir-34a ovarian cancer down
nr-153 g cancer down wir-34a pasicreatic down
caveer
mir-153 ~small cell | down mi-34a pancreatic down
tung cancer cancer
wir-153 DSIENSACCLNa down wir-34a prostate cancer down
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wr-153 ovarian cancer | dowi wir-34a prostate cancer dowi
mir-154 colorectal down roir-343 prostate catcer down
cancer
mir-134 nop-small celi | down mit-34a renal cell down
hang canoer carcinoma
=354 prostate dowin wir-34a renat celi dowin
cancer carcinoma
oiir-355 biadder cancer | down renat celi dowin
carcinoma
mix-£55 chironic down mir-34a retinohlastoma down
yelogenais
leukemia
mir-£55 gastric cancer | down mir-34a uveal melanowa | down
mir-155 gastiic cancer | down nir-34a- colorectat cancer | dowan
P
wir-153 malignant dawn toir-34b breast cancer down
melanoma
toir-34b breast cancer down
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Table 4. Lict of exameples of pncogenic niRNA relationships to cancer.
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oiadignact
melancma

0
Melanoma.

tnir-194

adenocarcinont
2

Upregulation of miR-194
contributes to tomor growih

and Progression i pancreatic
duetal adenocarcinovia.

mir-155

neurohlastoma

miR-154/16-1 enhances
retivoic acid-mediated
differentinion of leukermic
cells and is up-regulated by
retinoic acid.

mir-145-
p

OSLECHarcona

Identification of a plasma
four-toicroRNA panel as
potential rominvasive
biomarker for osteosarcoma.

rir-156a

breast cancer

up

MicioRNA-196a post-
teanscriptionally upreguiates
the UBE2C proto-oncogenc
and promotes ceit
prolitesation in breast cavcer.

mir-1962

cervical cancer

up

MicroRNA-196a promotes
cervical cancer proliferation
through the regulation of
FOXOL and p27(Kipl ).

mit-196a

colorectal
cancer

Upregudation of wiicsoRNA-
1962 and microRNA-196b
cooperatively correlate with
aggiessive progression and
unfavorable prognosis in
patients with colorec

Cancer

ir-196a

adenocarcivon
a

MicioRNAs io Barrett's
esopbagus and esophageal
adenocarcinoma.

mit-196a

gastric cancer

MiR-1%6a s Up-regnisted tn
Gastric cancer and Promotes
Celt proliferation by Down-
roguiating p2 7kipl.

tir-196a

gastoointestinal
strotnal turooe

up

Upregulation of miR-196a
and HOTAIR Duive
Malignant Chaacter in
Gastrointestinal 3troral
Twinors.
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mi-196a | glioblastoma up MiR-1962 exerts its
oncogenic effect in
ghicblastoma muitiforme by
intibition of I7B? both in
witro and in vive.
mic-1%6a | head and neck up MicroRNA-196a promotes an
squamaons cell DOCOZENIC ct in head and
carcinoma neck cancer cells by
suppressing anuexin At and
enhancing radioresistance.
mir-196a | non-small cell up MictoRNA-196a promotes
hiug cancer non-smali ceil ung cancer
cell proftferation avd invasiow
through targeting HOXAS.
mir-1%6a | pancreatic wp MiR-1962 Promotes
cancer Panc Cancer
Progression by Targeting
Nuglear Factor Kappa-8-
@hibitor Alpha.
mir-1962 | pancreatic up MicroRNAs as diagnostic
Jucta markers for pancteatic ductal
adenocarcivom adenocarcinewa avd its
2 DIecursor, pancreatic
intraepithelial neoplasto,
mit-196a | squamous up Dnigue MicroRNA
carcinoma Expmssion Profiles in
Cervical Cancer.
gastric cancer up MicroRNA profiling of
huwan gastiic cancer.
mit- glioblasioma up
196a-1
anaplastic aste
has progrosiic significance.
mig- oral cancer up 156 prowmotas an
196a-1 invagsive phenoty pe in oral
cancer through the Nh
INK-T IV MOV sigoabing
pathway.
- oral squamous up miR-1%0a Overexpression
196a-1 cell carcinovia and miR-1%6a2 Cene

Polymorphism Are
Prognostic Predictors of Oral
Carcinomas.
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ghioblastoma up MiRNA-196 is upregulated in

ghioblastowma but not in
anaplastic astrocytoma and
has proguostic significance.

wir- oral cances np OnecomiR-196 promotes an

196a-2 invasive phenotype in ol
cancer through the NME4-
TNE-TIME 1-MME signal
pathway.

i~ oral squamous up uR-1964 Overcxpression

196a-2 cell carcinoma and miR-15622 Giene
Polymorphism Are
Prognostic Predictors of Oral
Carcinomas.

ir- gastic cancer up Chinteal sigruficance of

196a-5p upregulation of mir-196a-5p
in gastric cancer and enziched
KEGG pathway analysis of
target genes.

rir- colorectal up Upregulation of mictoRNA-

196b cancer 1962 and mictoRNA-196k
cooperatively conelate with
aggresstve progression and
unfavorable prognosis i
patients with colorectial
cancer.

mie- escphageal wp Differential expression of

196h CaAncer miRMAS in escphageal cancer
tissue.

- gastric cancer up Transcriptional regulation of

196h miR-196b by ETSZ iv gasiric
cancer celis

mit- gastric cancer up Epigenetic regulation of miR-

196b 196k expressicn in gasuic
carcer.

mig- ghioblastoma up MIRNA-196 is opregolated in

196b

nit- glioblastoma up on of mik-196b

196h confers a poos Prognosis in

ghioblastoma patients via
inducing a protiferative
phenotyps.
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nit-
196k

oral cancer

up

Comik-196 proniotes an
invasive phenotype in oral
cancer through the NME4-
INK-TIMP1-MMP signaling
pattowvay.

PCT/US2017/015417

ruir-
196h

oral squamous
cell carcinoma

up

miR-196a Overexprassion
and miR-196a2 Gene
Polymowphism Axe
Prognostic redictors of Cral
Cancinomas.

mni-197

breast cancer

up

Role of mictoRNAs -29b
135, -197 aod -205 as
diagnastic bicmarkers in
sernm of breast cancer
females.

-

mie-147

follicular
thy wid
carcinoma

up

A liroited set of human
MicroRNA is deregulated in
folticolar thyroid carcinony:

mir-197

fung cancer

up

Differantial MicroRNAs
Expression in Sexuw of
Patients with Lnng Cancer,
Pulmonary Tobercnlosis, avd
Prentnonia

wir-198

pancreatic
ductat
adenocarcinom
a

np

MiR-21, miR-34a, mik-198
and miR-217 as diagnostic

and prognostic biomarkers for

chronic pancreatitis and
pancreatic ductal
Adenocarcinoima,

mir-19%

gastric cancer

up

miR-199a regulates the tomor
suppressor mitogen-activated
protein kinase kinase kinase

3 U in gastric cancer.

nir-
199a-

[
T

up

3 s Up-
regutated in the Midtistep
Progression of Barrett's
Esophagus and Modulates
Sensitivity to Chemotherapy
by Targeting PARP1.

mig-
199a-3p

gastuic cancer

up

MiR-199a-3p promotes
gastric cancer progression by
targeting ZHX1.

mit-
1992-3p

up

Identification of a plasma
four-toicroRNA panel as
potential roninvasive
biomarker {or osleosarcotoa.

=
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nit- esophageal up MicroRNA 223 is Uy
199a-3p | adenocarcinom regulated tn the Miitistep
a Progression of Baratt's
Esophagus and Modulates
Sensttivity to Chemotherapy
by Targeting
ruir- gasteic cancer up Up-reguiated miR-1
199a-5p gastiic canoer funct
oncogene and targets k
nii- esophageal up MicroRNA 223 is Uy
199b-3p | adenocarcinom regulated tn the VG n
a Progression of Barrett's
Esoptagus and Modulates
Seunsttivity to Chemotherapy
by Targeting PARPI.
- papiilary up Exprassion pro
199b-Sp § thyoid clinical signifi
carcinoing mictoRNAS in papillary
thyioid carcinoma.
mir-19a b-cell up MicroRNA miR-17-5p is
fymphoma overexpressed in pan §
cancer, associated with a poor
prognesis, and involved in
cancer cell profiferation and
invasion.
ir-1%a bladder cancer | up miR-19a acts as av oneogenic
microRNA and is up-
regulated in bladder cancer.
nir-1%a breast cancer up MicioRNA expression
profiles in broian breast
cancer cells after
and single-dose
ir-15a breast up 3 enbances
carcinoma 2 is and metastasis
by targeting LATS2.
tir-19a cervical cancer | up MicroRNA-19a and -19b

regulate cervical carcinoms
cell prokiferation and invasion
by tacgeting CULS.
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mnit-19a

chiolangiocarci
BeWA

up

miR-17-92 cluster proniotes
cholangiocawcinoma growth
eviderce for PTEN as
downstream target and L
6/5tal3 as upsiream activator.

PCT/US2017/015417

mic-1%a

colaractal
cancer

up

MicroRNA. exprassion
profiling of exfoliated
colonocytes isolated fiotn
foces for colorectal cancer
screening

mie-1%a

esophageal
squamous cell
carciooma

up

mnit-19a

gastric cances

up

MicroRMA-19a/b regulates
omitidrug tesistasce v himan
gastric cancer cells by
targeting PTEN,

wir-192

gasteic cancer

np

miR-19a Promotes Cell
Growth avd Tumorigenesis
throngh Targeting SOCS1 in
Gastric Cancer.

rir-15a

gastric cancer

up

MiR-192b modnlate the
wietastasis of gastric cancer
cells by targeting the tumnour
suppressor VX0

nir-1%a

gastric cancer

up

MiR-192 promotes epithelial-
mesenchyinal transiiion
through PI3K/AKT pathway
i gastric can

rir-15a

gastric cancer

up

MiR-152 promotes epithstial-
mesenchymal tansition
through PISK/AKT pathway
in gastiic cancer.

tmir-1%a

glioma

up

miR-19a and miR-195
Overexpression liotas.

mir-1%9a

ghioma

up

MictoRNA-1
ghoma cell g
mepiessing LRIGL.

mit-195

humg cancer

up

Apaptosis inducticn by
antisense cligonuctectides
against miR-~17-5p and miR-
20a in ing cancers
overexpressing miR-17-92.
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mnit-19a

hing cancer

up

MicroRNA miR-17-5p &

overexpressed in pan

¢
cancer, associated with a poor
prognosis, and involved in
cancer cell profiferation and
INVasion.

PCT/US2017/015417

mir-1%a

tung cancer

up

A polycisinonic microRMNA
cluster, iR-17-92, is

ssed o himan g
and enhances cell
proliferation

mni-19a

mantle cell
ymphoma

up

The tENA-17792 chuster
mediates cheweresisiance snd
enhances tutoor growth in
mantle cell fymphema via
PI3E/AKT pathway

activati

tir-152

medutloblasta
ma

up

The miR-17/92 polycist
up-regulated in sonic
hedgehog-driven
dwleblagtomas and
uced by N-my¢ in sonic
hedgehog-treated cerebeliar
newral precursors.

i)
i

mir-1%a

neuroblastoroa

up

MYCN-regulated microRNAs
epress estrogen receptos-
alpha (E3R1) expression and
newronal diffetentiation in
human reurchiastoma.

wir-192

von-soal call
hung cancer

np

Sevum miR-19a expression
correlates with worse
prognasis of patients with
non-sirall eoil hung cancer.

rir-15a

0SIS0SACoR

up

U ion of microRNA-~
17-92 cluster associates with
4 oL a1

HOE Progx
NOSES i

i {%h

bocel
U-cell

Iymphomna

up

MicioRNA miR-1
overexpressed i paucteatic
cancer, associated with a poor
proguosis, and involved in
cancer cell protiferation and
AV ASIORL.

mie-1%b

breast cancer

up

MictoRNA exprassion
profiles in homan breast
cancer cells after
nmudtifeaction and single-dose
radiation {reatmend.
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mnit-1%b

up

MR-
angiogenesis and wetastasis
by targeting LATS2.

PCT/US2017/015417

wir-1%h

cesvical cancer

MicioRNA-195 and -19h
regulate catvical carciootoa
cell proliferation and invasion
by targeting CULS.

mic-1%h

cholangiccarci
0G0g

up

miP-17-92 clusier promotas
cholangiocarcinoma growthl
evidernce for PTEN as
downstrean tasget and .-
6/5tat3 as upstrean) activater.

mni-1%b

colorectal
cancer

up

MicroRMNA expie
profiing of exfolisted
colonasytes isclated fiom
faces for colorectal cancer
serRening.

rir-15b

esophageal
sguatnons cell
carcinoing

up

wir-15h

gasttic cancer

np

MiR-192/% modulate the
metastasis of gastric cancer
cells by targeting the tutour
suppresser MXD1,

mit-19b

gastric cancer

uwp

MicroRNA-192/b regulates
mubtidrug esistance io human
gastiic cancer cells by
targeting PTEN,

rir-15b

glioma

up

h
o

miR-19a and miR-1
Overexpression in Gliomas.

mir-19b

lung cancer

up

A polycistronic mictoRNA
closter, i 92,08
overexpiessed in bnan Ling
cancers and enhances o
proliferation.

mie-{%h

up

against miR-17-5p and mik--
20a in hung cancers
oveiexpmesing mik-17-92,

mic-1%b

hung cancer

up

MicroRNA miR-17-5p is
ovarexprassed in pancreatic

£ iated with a poor
proguosis, and involved iv
cancer cell protiferation and
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invasion.
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wir-1%h

oianite call
Iymphoma

‘The mRNA-37792 cluster
mediates chemoresistance and
ephances tomor growth in
mantle celd Lymphota via
PIK/AL bathway
activatton.

mir-{%h

wedulloblasto
ma

The miR-17/92 polycistion is
ug rlated i sonic
hedgehog-driven
medutloblastcroas and
induced By N-myc in sonic
hedgehogAreated cerebeliar
neuial Precursors.

tir-15b

nsteosarcoma

up

Upregulation of micto -
17-92 cluster associates with
famnor progression and
prognosis in osteosarcoma

2

nie-200:

5

breast cancer

up

Direct targeting of Sec2laby
miR-200s infiuences cancer
cell secretoms and prmotes
metastatic colonization.

mie-2{0a

breast cancer

up

MicroRNA-200a Promates
Ancikis Resistance and
Metastasis by Targeting

Y AP in Human Breast
Cancer.

mir-200a

esophageal
adenocarcinont

Gastric adenocarcinoma has a
upigue microRMNA siguatire
Dot present in esophagesl
adenocarcinomwa

rir-200a

np

Dritferential expression of
miRNAs in esophageal cancer
tissue

tir-200a

asophageal
cancer

up

miR-200a/tdR-141 and miR-
205 upregolation might be
E ted with hormone

ptot status and progno;
ometral carcinomas.

mnir-2002

welanoma

up

roRNA-200 family
merabers differentially
regulate worphological
plasticity and mode of
wielanoma cell invasion.
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mnit-200a

non-smabl cell
bing cancer

up

MiR-2002 enbances the
migrations o1 4549 an
MES-1 cells by regulating the
expiession of TSPANT.
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mic-200a

cvarian cancer

up

Upregulation of microRMNA-
200a asscciates with tumar
proliferation, CSCs
phenotype and
chemosensitivity in ovarian
Carcer.

breast cancer

up

Direct targeting of &
ik S Cer
cell secretome and promotes
metastatic colonization.

mie-
200h

coiorectal
cancer

up

microPNA-200b and
microRMA-200¢ promate
colorectal cancer cell
proliferation via targeting the
reversiov-inducing cysieine-
rich protein with Kazal
motifs

wir-
2000

endowetsial
cancer

p

MicioRNA-200b is
overexpressed i endometriat
adenocarcinomas and
enhances MMP2 activity by
downregulating TIMP2 in
huwan endometiial cancer
celt Jine HEC-3 A cells.

gastric cancer

MicroRMA-200b Regutates
Celt Proliferation, fnvasion,
and Miggation by Divectly
Targetin B2 in Gastric
Carcitoma.

mit-
200h

matignant
melanoma

wp

mir-200¢

breast cancer

up

miR-200s infiuences cancer
cell secretomme au
metastatic colomzation.

mir-200¢

colon cancer

up

The roles of miR-200¢ in
colon cancer angd associated
malecular mechanisms.
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mi-200¢ | colorectal up MicroRMA-200¢ modulates
Cancer epsthelial-to-mesenchy mal
wansition (EMT) in human
colorectal cancer metastasis.
wir-200¢ | colorectal up Plaswa mik-200¢ and wik-
cancer 18a as potential biomarkers
for the detection of colomctal
carcinona.
mie-200¢ | colarctal up mictcPNA-200b and
sancer mictocRNA-200¢ promote
colorectal ¢
Hiferation vi
TeVersiov-in
rich protein with Kazal
maifs
wir-200¢ { endowetrial up ‘The interactions hetween
cancer MicroRNA-200¢ and BRD7
in endotogtrial carcinoma.
mir-200¢ | waligrant up MicmRNA-200 family
melanoma merabers differentially
iate morphological
phi ty and mode of
melanoma celd invasion.
mir-200¢ | non-smabl celi up Expression of mictoRNA
tng cancer miR-126 and wik-200¢ is
associated with proguosis tn
patients with non-small cell
Lung cancer,
mit-200¢ | non-smatl celi up High expression of seruw
tung cancer iR-21 and tumor miR-200:
iated with poor
s i patients with
LOEE.
mir-200¢ | ovatian cancer | up Differantial micioRNA
expiession signatures and cell
mir-200¢ | ovarian cancer | up il wodulates ovarian
cancer cell metastasis
potential by targeting zinc
finger B-box-binding
homeobox 2 (ZEB2)
EXPYess
mie-200¢ | rectal cancer up The quanty anatysis by

stem-toop reat-tine PCR
revealed the microRNA-34a,
mictoRNA-155 and
microRMA-200¢
overaxpression i human
colorectal cancer.
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bladder cancer | up Micro-RMNA profiling in
Xidvey and bladdes cancers
mie-203 breast cancer up Anti-miR-203 Upregulates
! Expression in Breast
Cancer Cells and Enbances
Cisplatin Chemoseusitivity.
mie-203 colorectal up Association of miceoPNA
cancer expiession with microsateliite
instability status o coloractal
adenocarcinema
wr-2073 asophageal up Alteration of miRN4
cancer
in Esophiageal Carcieosns.
r-203 bypopharyngea | up Effect of microRNA-203 an
i cancer twomor growth i homan
hypopharyngeal squatous
cell carcinoma.
mie-203 pancreatic up MicroRNA-203 expression as
adenocarcinom a new prognostic marker of
a pancreatic adenocarcinoma.
mir-203 pancieatic up Circulating MictoRNAs in
ductat Seram of Human K-as
adenocarcinoim Oueogene Transgenic Rats
a With Pancreatic Ductal
mir-203 SEUAKGNS up
carcinoma n Erofites in
Cervical Cancer.
mit-2032a | renal cell up miR-203a regulates
carciooma proliferation, migeaticn, and
apoptosis by targeting
glycogen synthase kirase-37
in fman renal cell
care
trir-204 prostate cancer | up Mechanisms and functional

CORSOEENCes DEF
Protein e on loss duting
DIOsState Cancer progression.
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mit-204- | colozectal up miR-204-5p expiession in
cancer colorectal cancer: an
autophagy-assaciated gene
ir-205 bladder cancer | up Micio-RNA profiting in
kidney and bladder cancers.
mni-205 breast cancer up
diagnaostic bicn
sernm of breast cancer
females.
rir-205 cervical cancer | up Serom micrtoRNA-Z05 as a
novel bicroarker for cervical
cances patients.
mni-205 cervical cancer | up miR-205 Expressio
Prowotes Celd Proditetation
and Miggation of Buwao
Cervical Cancer Cells.
mie-205 cervical up MmRNAs expression profiling
sguamons cell 10 distinguish luog squamous~
carcinoma cell carcinoma fioro
adenocarcinona subtypes.
rir-205 endotoeinial up miR-203 promoies tomor
cancer proliferation and invasion
through targeting ESERG in
endometrial carcinoima.
mir-205 esophageal up Alieration of miRNA
canicer Expression Correlates with
Lifestyte, Social avd
Environmental Determinants
in Esophageal Carcinoma,
mie-205 esophageal up miR-200a/miR-141 avd vik-
cancer 205 uypregulation wight be
associated with hormone
recentor status and prognosis
in setiial carcinonas.
mie-205 lung cancer up Evalvati

change of seruto miR-21 and
k. S
operative hung carcinoma
patients.
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mni-205

hing cancer

up

miR-205 regulates AS49 cells
preliferstios by targeting
PTEN.

PCT/US2017/015417

e

mie-2

non-small cell
tung cancer

up

Prognostic value of mature
microRMA-Z1 and
icroRNA-205

OVEIeNE 1 it non-small
cell tung cancer by
uamitative eal-time RT-
PCR.

wir-205

ver-smal cell
lung canc

np

miR-203 proinoies the
arowth, metastasis and
chemoresisiance of NSCL
ells by targeting PTEN.

rir-205

0varian cancer

up

The rele of miR-205 in the
VEGF-mediated promotion o
human ovarian cancer cell
invasion.

=2
G

-
3p

non-smabl celi
bing cancer

up

Relative expressions of miR-
205-5p, miR-205-3p, and
miR-23 in tissues and sewam
of non-steall cell hung cancer
patisnts.

mie-205-
p

non-smatl cel
hing cancer

uwp

Kelative expressions of miR-
205-5p, miR-205-3p, and
wiR-2 1 in tissves and serom
of no-sinall cell lung cancer
patients.

mir-208

esophageal
squamous cell
carcinonma

up

Mir-208 promotes cel
proliferation by repressing
SOXE expression in hutian
esophageal squamons cell
carcingroa

mir-20a

Yocol
u-cell

fymphoma

MictoRNA miR-1
overexpressed i pancreatic
cancer, associated with 2 paor
proguosis, and involved in
cancer cell protiferation and
AV ASIOR.

[
<

mig-

a

breast cancer

up

Diagnostic poterdial of
PTEN-targeting miR-214 in
the blood of breast cancer
patients.

up

files in boian breast
cancer celis after
muitifeaction and single-dose
radiation {reatinerd.
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nit-20a breast up MiR-9:
carcivonma angiogenesis and wetastasis
by targeting LATS2.
ir-202 cervical cancer | up miR-20a promoetes migration
and invasion by regolating
TNKSZ i buman cervical
cancet celis.
mie-20a cervical cancer | up Circulating miRNA-20a and
miRINA-203 for Screening
Lymph Node Me
Early Stage Cervical Cancer
mie-2{a carvical cancer | up MiR-20a promotes cervical
cancer proliferation and
metastasis in vito and in
Vivo.
rir-20a cholangiocarci | up miR-17-92 cluster promotes
noma cholangiocarcinoma growth:
evidence foxr PTEN as
downsticamn target and [L-
6/Stat3 as upstream activator.
mir-20a colorectal up MicroRNA siguatires: novel
cancet biomarker fot colorectal
cances?
mit-20 colorectal up MicroRNA expression
CANGer profiing of exfoliated
colonoecytes isolated from
foces for colorectal cancer
sereening.
mie-20a esophageal up
squamons cell
carcinoma
tir-20a ophageal up Exprassion of circulating
atnons cell d det-7
up

Early Growth Response 2
(EGR2).
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Enit-

glioma

up

iExpression of miR-204 1

huwan gliowa tissies and s
effact an the proliferation of
human glioma ceils in vitro].

PCT/US2017/015417

5

mie-2

hepatocellutar
CArcinoma

up

MiR-20a Induces Cell
Radioresistance by Activating
the PTEN/PISK/Akt

3 ing Pathway in
Yepatocehular Carcivoma.

[
<

mig-

a

lung cancer

up

MictoRNA miR-17-5p is
overexpressed i pancreatic
CHNCET, A 2d with a poor
proguosis, and involved in
cancer celi proliferation and
iy asion.

mie-2{a

hung

)
o
P

THeS]

2

up

A polycistronic micrcRNA
cluster, miR-17-92, i
overexpressed in foman lung
cancers and enhances cell
proliferation.

mir-20a

hung cancer

up

Apoptosis induction by
antisense aligonucleotides
against mik-37-5p and mik-
204 in lung cancers
overexpressieg ik-17-92,

rir-20a

matigrant
melanoma

up

Altered expression of selecied
microRNAs in metanoma:
antiprotiferative and
proapoptotic activity of
mRNA-155

mantbe celi
fymphoma

up

The i NA-£7792 cluster
mediaies chemoresistance and
enhances tuwot growth in
mantle cell fymphema via
PI3E/AKT pathway

rir-20a

medutloblasta
ma

up

The miR-17/92 polycistron is
up-regulated in sonic
hedgehog-driven
medublloblastomas and
induced by Nty ¢ in sonic
hedgehog-treated cerebeliar
newal precursors.

msophary ngea
1 cancer

up

Combined as Non-Invasive
Biomarkers in
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nit-20a

osteosarcoms

up

Upregulation of microRNA-
17-8% chuster associates with
TUMGE pragression and
PICRLOSES I 0S1E0SALCOITA.
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ir-202

0V arian cancer

up

miR-20a promodes
proliferation and invasion by
APFE in buman

[
<

mig-

a

svatian cancer

up

-associated

natral kidle A Y
by downregulating MICA/R
expressicn.

wir-202

pitwitaty
carcinoma

MicioRNA involvemest tn a
metastatic nov-functioning
pituiary carcinoma.

mir-20a

nrostate cancer

up

miR-20a promotes Prostate
cancetinvasion and migration
through targeting ABL2.

mie-206-
p

colorectal
cancer

uwp

Association of mictoRNA
expression with microsateliite
instability states in colorectal
adenocarcinoma.

mir-20b

breast cancer

up

MicioRNA-20b promotes cefl
growth of breast cancer cells
partly via targeting
phosphatase and tevsin
homologue PTEN).

mir-20b

hepatocellistar
carcinoma

Crucial Role for Eardy
Growth Response-1 i the
Transcriptional Regulation of
miR-20b in Breast Cancer.

rir-21

adrenal cortical
carcinoma

up

The role of microRNA
deregudation in the
pathogenesis of
adrenocortical carcinoing.

mit-21

breast cancer

up

Next-generation sequencing
of microRNAs for breast
cancer detection.
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nit-21

breast cancer

up

Quantitative Measuiement of
Satum MicioRNA-21
Expressicn in Relation to

st Cancer Meatastasis in
hinese Fomalos.

PCT/US2017/015417

mic-21

breast cancer

up

Diagnostic paiertial of
PTENM-targeting miR-214 in
the blood of breast cancer
patients.

mie-21

breast cancer

up

Tissue specific expression of
dar micro RN A in
huoian breast cancers avd
normal hroan breast tissue in
vivo.

rir-21

breast cavcer

np

Ditferential expression of
miR-21, miR-125b and iR
191 in breast cancer tissne

mit-21

breast cancer

uwp

BMP-6 inhibits microRNA-
21 expression in breast cancer
through repressing deltaBF |
and AP-1.

mir-21

breast cancer

up

Circulating microRNA-92a
and ricroRNA-21 as novel
mtnimaily invasive
biomarkets for priwary breast
Cancer

mir-21

breast cancer

Up-regutation of miR-21 by
HER Z/veu sigoaling promnotes
cell invasion.

rir-21

breast cancer

up

The Regulation and Function
of miR-2 1-FOX03a-miR-
34b/c Signaling in Breast
Cancer.

mir-21

breast cancer

up

MictoRNA-21 regulates
breast cancer invasion pantly
by tatgeting tissue inbifbitor of
metailoproteivase 3
EXPIESSICH.

mir-21

breast cancer

Combination of miR-21 with
Cirentating Tuwmor Celis
Madkers [oprove Diagnostic
Specificity of Metastatic
Braast Carcer.

mic-21

up

Gverespression of miR-21
promotes the proliferation and
migration of cervical cancer
cells via the iwhibition of
PTEN.
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mir-21 €549 up MicioRNA-2{ e es cell
CACINGING itesation and down-
ailates the expression of
grammed celt death 4
La cervical
mie-21 cholangiocarci up MictoRNA-21 is
noroa ovatexprassed in human
reguiates programoied cell
death 4 and tissue inhibitor of
wietaifoproteinase 3.
tir-21 cholangiocarci | up PTEN and PDCDM am bona
noma fide targets of micrcRNA-21
in buran
cholangiocatcinoma.
mir-21 cholangiocarci | up miR-2 1 Targets 35-PGDH
noma and Promotes
Cholangiosarciveroa Growth.
ir-21 cholangiocarci | np miR-21 [nhibitios Reduces
noma Liver Fibrosis and Prevents
Tutnor Development by
Inducing Apoptosis of CD24+
Progenttor Cells.
frir-21 colorectal up Exprassion of miR-21, oiR-
cancer 31, miR-95 and miR-135b is
correlated with the clintcal
pasateters of colotectal
catcer.
mir-24 colorectal up MiR-2 regulates biological
CANCer behavior through the
PTEN/PI-3 K/Akt signaling
pathway i homan colorecial
cancer celis.
rip-21 cotorectal up
cancer
solated from
or colorectal sancer
screening.
=21 colorectal up Circuisting Exos
CAncer microRMAs as

Colon Cancer.
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mir-21 colorectal up Detection of miR-92
cancer miR-23 in stoel samy
potential scresning
biomarkers for coloracial
cancer and polvps.
ruir-21 cotorectal up Correlation of aver-
catcer expressions of mik-21 and
in knan coforectal
inical stages.
mir-21 colorectal up {ncieased expression of
cancer mictoRNA-2 Land its
association with
chematherapentic response i
human colotestal cancer.
rrir-21 colorectal up MicmRNA-21 controls
cancer WTERT via PTEN in buwan
colorectal cancer cell
profiferation.
mie-21 coiaractal up Clinical correlations of miR-
cancer
its ihibition on LD colon
cancet cells.
mit-21 colorectal up Aliered levels of the onco-
carcinoma microRMA 21 and the tumer-
supressor microRMAS 143
and 145 in advanced rectal
cancer indicate successful
neoadjinvant
. chemoradiotherapy
mir-21 diffuse large up {nhibition of miR-21 Induces
B-celt Biological and Bebaviorat
ymphoma Alterations in Diffuse Large
B-Call Lymipheroa
wir-21 endewetsial up Hightly increased maspin
cancer expressicn oorresponds with
up-t2golation 6f miR-21 to
endometrial cances: a
prekiminary report.
triy-21 2eophageal ups X
cancer
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nit-21 esophageal up iDiagnostic values of salivary

cancer versus and plasma
mictcRNA-21 for eardy
escphageal cancer].

mic-21 esophageal up Alteration of mdRNA
cancer Exprassion Correlates with

Lifestyle, Social and
E amental Deterinivants
in Esophagesl Carciooma
mie-21 esophageal up miR-21 Down-Regulation
squanmous cell uppresses Cell Growth,
carciooma Gvasicn and Induces Cell
Apaptosis by Targeting
FASL, TIMP3, and RECK
Genes in Esophageal
Carcinona.

rir-21 asophageal up Expression of microRNAs in
sguattons cell squatoces coil carcinoma of
carcinoing human head and neck and the

esophagus’ miR-205 and
miP-21 are specific markers
for HNSCC and ESCC.
mit-21 esophageal up MicroRNA-Z1 promotes the
sguamons cell proliferation and inhibits
carcinoma apoptosis in Ecal09 via
activating ERXA/2/MAPK.
pathway.

mi-21 esophageal up Relationship betwaen altered
squamous cell expiession levels of MIR21,
carcivoma MIR 143, MIRE45, and

MIR205 and
clivicopathologic featores of
esophageal squamous cell
carcinoma

rir-21 esophageal up Expssion, Tissue
squatnons celi Distribotion and Function ¢
CArCINGING miR-21 in Esoph

Squatsous Cell i)
mie-21 esophageal up Circulating rdcroRNAs in
squamons cell plasma of patients with
carcinoma oesophageal squamons cetl
carcinoma.

mir-21 esophageal up Down-Regolation of PTEN
squamous cell ston Modulated by
carciooma X gulated miR-23

Countributes 1o the Progiession
of Esophageal Cancer.
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nit-21

sgnamons cell
carcinema

up

Clinical tmpact of senum
exosomal microRNA-21 as a
clinical biomarker in human
escphageal squamous cell
Carcinon:

PCT/US2017/015417

mic-21

gastric cancer

up

Oxidative Stress Upregulates
PDCD4 Expression i
Patients with Gastric
via k=21,

Cancer

nit-21

gastric cancer

up

mictocRNA-2 | promotes
timor proliferation avd
invasion in gasteic cancer by
targeting PTEN,

rir-21

gasteic cancer

up

Evahuation of MicroRNA.
Expression Pattern of Gastric
Adenocarcinoma Associated
with Socioeconomic,
Environmental and Lifestyle
Factors in Norhwestemm
Hungary.

mit-21

gastric cances

uwp

MicroRMNA-21 inbibits
Serpinil, a gere with novel
tmonr suppressive effacts in
gastric cancer.

rir-21

gastric cancer

up

T Dt et

MicmRNA-21 stivntates
gastic cancer growth and
invasion by inhibiting the
fmor suppressor effects of
programvied cel death
protein 4 and phosphatase and
tensin homolog.

mit-21

gastric cancer

wp

miR-2} plays a pivotal rofe in
aastric cancer pathogenesis
and progression.

rir-21

gastric cancer

up

miR-21 s a Promising Novel
Biomarker for Lymph Node
Metastasis in Patisnts with
Gastric Cancer.

mie-21

gastuic cancer

up

Stromal miR-21 is tmore
important than miR-21 of
tmour cel he

rir-21

gastric cancer

up

Ciroulating microcRNAs in
ma of patients with
cancers.

99 '3
BB
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mir-21

gastiic cancer

Plasta microRNAS, miR~
223, miR-21 and wuR-218, as
novel petential biomarkers for
gastric cancer datection,

mnie-21

gastric cances

up

miRNA-223 provioies gastric
cancer invasion and
mistastasis by targeting tuor
soppressor EPB41L3.

ruir-21

gastric cancer

up

Prognostic impact of
lating miR-21 in the
plasma of patients with
gastiic carcinonia.

frip-21

gliobiasioma

up

Heterogeneons Nuclear
Ribonucleopiotein C 102
Couvtrels the Metastatic
Potential of Giicblastoma by
Regulating PDCD4.

mit-21

glioblastoma

uwp

Sulforaphane enhances
ierozolomide-induced
apoptosis due to
downreguiation of miR-21 via
Wit/ ?-catenin signaling in
ghioblastoma.

frir-21

glioblastoma

up

MicroRNA-21 targets
LRRFIPY and contributes to
WM-26 resistance in
aitoblastoma mubtifcroe

mit-21

glioblastoma

wp

POOGF-B-mediated
dowrregniatios of miR-21;
new insighis into PDGR
signaling in ghicblastoma.

mir-21

glioblasioma

up

Downregolation of miR-21
inhibits EGFR. pathway and
suppresses the growth of
hiyman glioblastona cells
independent of PTEN status

wir-21

ghiobiasioma

np

Expression of 19 microRNAs
in glioblastoma and
comparison with other brain
neoplasia of grades I-{{L

mie-21

glioblastoma

up

G-delivery of as-roiR-21 and
5-FU by polv(; AMIRE)
dendtimer atteviates hian
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ghioma cell growth in vitro.
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mir-21

ghioblastoma

up

MicioRNA-2 | Promotes
Glioblasioma Tumorigenesis
by Down-regulating losulio-
iike Growth Faclor-binding
-5 (IGF

Gleii:

ruir-21

glioblasioma

up

Downregulaticn of
mir-21 facifitates
glioblastoma pioliferation in
VIVO.

Pdcdd by

mir-21

glioblastoma

up

MiR-21 up-regudation
mediates ghioblastoma cancer
stem cells apoptosis and
proliferation by targeting
FASLG.

rrir-21

gliohiasioma

up

MicmRNA 21 promoies
ghioma invasion by targeting
matrix metatloproteinase
regulators.

frip-21

glioblastoma

up

Delivery of anti-micioRNA-
2} antisense-
oligadeoxynucleotide using
aphiphilic peptides for
ghicblastoma gene therapy.

mit-21

glioblastona

wp

MicroRNA-21 targets a
network of key tumor-
suppressive pathways in
glioblastoma celis.

frir-21

head and peck
caneer

up

MicroRNA alterations in head
and neck squamons cell
carcinosma.

mir-21

bead and veck
cancer

up

wir-21

bead avd veck
squarous cell
carcinota

np

¥
b

Target of microRNA-21 in

Head and Neck Sguaracos

Celt Carcinoms.

mic-21

head and neck
sguamons cell
carcinoma

up

Co-targating of muitiple
mictoRNAs on factor-
inhibiting by poxia-inducibie
factor (FIH) gene fos the
pathogenesis of head and
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neck carcinonias.
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wir-21 bead aod veck up Low-level expression of
squartous cell mictcPNAs fet-7d and miR-
carcinotng 205 are progno arkers of
id neck squamous celi
mir-21 up Expressic
SQUATHO
carciooma human bead and neck and the
esophagus: ik-205
miR-21 are specific markers
for HNSCC and ESCC.
mie-21 hepatocelhular up Rele of micreRNA-155 at
MY carly stages of
hepatocarcinogenesis induced
by choline-deficient and
awino actd-detined diet in
CETBL/G mice
mnir-24 hepatocelhilar up MicroRNA-Z1 promotes
cascivoma hepatoceltinlar carcinoma
Hep(i2 cell proliferation
throngh. repression of
witogen-activated protein
kinase-kinase 3.
rir-21 hepaioceltblar up MicmRNA-21 promotes cell
carcinoma proliferation in butoan
hepatoceliular carcinowa
pastly by tatgeting FEPNL.
mir-24 hepatocelhilar up Circntating mictoRNAs, k-
CACive 23, miR-122, and miR-223, tn
patients with hepatocettuvlar
carcinetna or chmnic
hepatitis.
rir-21 bepaioceltblar up Anti-miR-21 Suppresses

carcinoma

Hepatocelnlar Carcinoma
Growth via Broad
Transcriptional Network

Dewegulation.
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nit-21 hepatocellular up of mictoRINAs,
carciooma L wik i
cholangiccarcinoma and its
Picgne
wir-21 bepatocelbiiar up Dehydroepiavdrosteron
CaArCinema induces miR-21 transcriy
in Hep(G2 cells thiough
estrogen receptor 7 and
androgen secey
mir-21 bepatocellular up wiR-2 1 Inhibition Reduces
carcinoing Liver Fit and Prevents
‘Timor Development by
Inducing Apoptosis of CO24-+
Progenitor C
wir-21 bepatocelbislar | up miR-2 1 promotes migration
carcinama and invasion by the miR-21-
PDCD4-AP-1 fesdback loop
in homan hepatoceliutar
carcinoma.
=21 hepatocellular up Expression of setum
carcinona exosonmal microRMNA-21 in
hyman hepatoceliular
carcincroa
rir-21 bepaioceltular | up Thyroid hormone regulation
carcinoma of miR-21 enbances
migration and invaston of
hepatoma.
mnir-24 hepatocelhilar up miR-21 expression predicts
carcinoma progrosis in bepatocetiutar
carcinoma.
mie-21 up MictoRNA-21 suppresses

PTEN and hSolf-1 expression
and promotes hepatoceliular
carcinoma progression
through AKT/ERK. pathways.
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nit-21

hepatocellular
carciooma

up

Indole-3-carbinol inhibits
tnmorigenicity of
hepateceliular carcincwa
cells via suppression o.
microRNA-21 and
upregulation of phosphatase
homolog.

and tenst
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nit-21

hy popharyngea
Usquamous cell
CaArCinema

up

Altered ession of miR-21
and PTEN 0 Hunsn
Laryngeal and
Hypapharyngsal Squamons
Cell Carcinomas.

mie-21

kidney cancer

up

miP-21 dowsgulated
TCF21 to inhibit i
1enal cancer.

-2

laryngeat
carcivoma

up

Regulation of the cell cyele
gene, BTG2, by miR-21
human laryngeal caminoma.

mit-21

laryngeat
sguamons cell
carcinoma

uwp

Downregulation of miR-2 1
madulates Ras expression to
promote apoplosis and
suppress invasion of
Laryngeal squatious celt
CATCInNoIMmA.

mir-24

laryngeat
squamons cell
carcinoma

up

Altered Expression of miR-21
and BTEN in Human
Laryngeal and
Hypopharyngeal Squamons
Cell Carcinomas.

rir-21

liver cancer

up

microRMA 21-mediated
suppression of Sproutyl by
Pokemon affects liver cancer
cell growth and profiferation.

mir-21

up

Evaleation of dynatoic
change o
iR - L e alebind

ma

mir-21

up

tial MicroRMAs

on W Seruw of
Patierts with Lung Cancer,
Polmonaty Tuberculosis, and
Preurocria.

rir-21

tung carcer

up

Exprassion and significance
of mIRNA-21 and BTG in
hing cancer.
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mir-21

wiakignast
melanoma

up

microRNA-21 is upregnlated
Rt melavowa and
influences apoptosts of
mielanocytic cells.

mie-21

malignant
melanotna

up

MiR-21 enhances melanoma
veness via inhibition of
e inhibitor of
metaitoproieivases 3
expressios vivo effzcts of
MiR-21 inhibitor.

mie-21

muitiple
myeioma

up

Integrative avalysis of
differential miRNS and
functional study of miR-21 by
seed-targeting inhibition in
multiple wyeloma cells in
respense to berberine.

frip-21

nasophaty ngea
{ carcinoma

up

Activation of miR-21 b
STATS [nduces Prok
and Suppresses Apoptosis n
Nasopharyngeat Carcinoma
by Targeting PTEN Gene.

mit-21

non-smatl cel
bing cancer

uwp

Bigh expression of seruw
miR-21 and fumor miR-200¢
assacimed with poor
proguosis in patierds withk
lung caucer.

mie-21

non-small celi
hang cancer

up

Clinical evaiuation of
microRNA expression
profiling in nou smatl cell
fung cances.

frir-21

non-smabl celt
bung cancer

up

Downegulation of
microRNA-2) expression
restiaing non-sinall cell hung
cancet cell proliferation and
migration through
upgaelaiion of prograromed
cell death 4.

mie-21

non-small cell
g carcer

up

Identification of plasma
mictoRNA-21 as 2 biotnarer
for early detection and
chemosensitivity of nou-sinali
cell lung cancer.

mir-21

vov-small cell

hiug cancer

up

Gverexpression of miRNA-21
promotes radiation-resistance
of non-small cell ing cavcer.
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nit-21 non-smabl cell up Prognostic significance of
bing cancer seruw MRNA-2T expression
in human nou-smali cell lung
CAances.
ruir-21 aon-stakl cell up Let-7g and miP-21
lung cancer exprassion in non-smali cell
hng cances: Correlation with
clisicopathological avd
molecolar featurss.
nit-21 non-smabl cell up {Overexpres; f miRR-21
ting cancer previotes pioliferation and
reduces apoplosis i non-
stoalh cell hung canceri.
mie-21 non-small cell up MiR-21 suppresses the
hung cancer anticancer activities of
curcuinin by targeting PTEN
gene in hipman non-smatl cell
hing cavcer A549 cells.
mir-21 on-small cell up Use of Luminex xMAP bead-
hung cancer based suspension aray o
der & wicrok
NSCLC tissues and its
clivical application.
wir-21 von-soall call up Alteration tn Mir-2 1/PTEN
hng cancer expression modulates
gefitind resistance in non-
smail cell long cancer.
tir-21 oon-stakl cell up Prognostic value of mature
Lung cancer microRNA-21 and
mictoRNA-2035
oversxpression in nos-sinall
celt lung cancer by
quaniitative real-time RT-
PCR.
mit-21 non-smatl cel up on of Plasma
hung cancer -
mie-21 non-small cell up MictoRNA-21 (mi

hang carcer

regniates cethudar
proliferation, twvasion,
gration, and aponio; 3
targeting PTEN, RECK and
in fong squamous
carcingroa, Gejin City, China.
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nit-21

oral cancer

up

MicroRMNA-21 Promotes Oral
Cancer Invasion via the
Wni/?-Catenin Pathway by
Targeting DKK2.

PCT/US2017/015417

mie-21

oral squamous
cell carcinoma

up

Relationship between
mictoRNA exg on kevels
and tustopathological featuses
of dysplasia in oral
teukcpiakia.

ir-21

oral squamons
cell carcinoma

np

Altered levels of miR-21,

miR-125b-2* miR-134, miR-

155, wik-184, and wik-208

it oral squamons o
v and

with
charactersts

-2

O51E08ArCoINg

up

Identification of Serom
MicioRNA-21 as 3
Bicomarker for
Chemosensitivity and
Prognosis in Human
Osteosarcoma.

rir-21

0SIE0SACoR

up

MicroRNA-21 is involved in
osteosarcoma cell invasion
and roigration.

mir-21

sstessarcoma

up

A three-plasma miBNA
siguature serves as novel
biomarkers for osteosarcoma.

mir-21

ovarian cancer

The inbibition of mik-21
promotes apopiosis and
chemosensitivity in ovarian
carcer.

rir-21

reatic

up

MicmRNA-21 is
overexpressed in pancreatic
cancer atd 2 potential
predictor of survival,

mie-21

pancteatic
cancer

up

MictoRNA-21 modolates
biological functicns ol
cancer cells
cludivg thesr prolifesation,
invasion, ang
chemorgsistance.
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nit-21 pancreatic up MiR-21 upregulation induced
ductal by prowmoter zove histone
adenocarcinom acetylation is asscciated with
a chemoresistance to
gemcitabine and enbanced
malignancy of pascreatic
ancet celis.
mie-21 pancieatic up MictoRNA-21 in pancreatic
ductal cancer: correlation with
adenocarcinom clivical outcome and
a pharmacclegic aspacts
underlying its mole in the
moduiaticn of gemcitabine
activity.
rir-21 pancreatic up Meduiation of FoxO1
doctal expression by miR-21 {0
adenocarcinont promote growth of pancreatic
A duetal adenocarcinovia.
-2 pancreatic up Knockdown of microRNA-21
Jucta inhibits protiferation and
adenocarcinomn increases cell death by
2 targeting programmed ceil
death 4 (PDCDA) in
pancreatic ductal
Adenocarcinoima.
mir-21 pancieatic up Interplay of miR-21 and
ductat FoxOl modulates growth of
adenocarcinomm pancreatic ductat
a adenocarcinema
mit-21 pancreatic up Association of mictoRNA-2 |
ductal axpressicn with its targets,
adenocarcinom PDCD4 and TIMP3, in
a pancreatic ductal
adenocarcingma.
mnir-24 pancreatic up MiR-2 L, miR-34a, miR-198
ductal and wik-217 as diaguostic
adenccarcivom and prognostic hiomarkers for
2 chronic pavcraatitis and
pancreatic ductal
adenocascinoma,
rir-21 pancreatic up MicioRNAs as diagnostic
duoctal warkers for pancreatic ductal
adenocarcinom adenocarcinoma and its
a Precursos, pancreatic
intraepithedial neoplast.
frdr-21 crealic ups MicroRNA-21 in P:

ductal
adenocarcivomn
2

D Adenoca
Tumoi-Associated Fibrob}
Promotes Metastasis.
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nit-21 papillary up Expression of miRNAs in
thy woid Papiitary Thywid Carcinosmas
carcinema Is Asscciated with BRAF
Mutation and
i logical Features
ruir-21 papillary up MiciRNA
thy roid biokogical beh:
carcincing papitlacy thyroid caicinoma
by tatgating programmuead cetl
death 4.
ir-21 prostate cances | up MicioRNA-2Uinhibits
pSTKip2 expression in
Drostate cancer.
tir-21 prostate cancer | up A study of molecular signals
deregulating mistnatch repair
genes in prostate cancer
compated to berign prostatic
hyperplasia
=21 renal cell up n dow nre gnlated
carcivoma TC o intibit KISS3 in
enal cancer.
mit-21 renal celt up MicroRNA-21 is
carcinoma overexpressed in renal cell
carcinoma.
tir-21 wenal cehl up MicioRNA-21 {mik-21) post-
carcinoma wansoxptionally
downreguiates tumnor
suppressor PDCD4 and
promotes cell tanstormation,
proliferation, and metastasis
in renal coll carcingoa,
mit-21 renal celt up The clinical utitity of miR-21
carcinoma s a diagnostic and progrostic
marker for renal cell
carcinctoa.
mit-21 retinobliastora | up ed-targeting anii-wik-21

biting malignant
progression of retinoblastoma
and analysis of their
phosphoryiation signaling
pathways.
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nit-21

SOUARIONS
carciooma

up

Unigue MicroRMNA
miession Profiles i
Cervical Cancer.

PCT/US2017/015417

wir-21-
Sp

Exploring the miRNA-mRMNA.
reguiatory vetwork in clear
cell renal cell carcinomas by
nexi-generation saqeencing
expiession profiles.

fnir-21-
5p

waclal cancer

up

Overexpression of miR-21-5p
as a predictive madker for
complete tumor iegiession to
neoadjuvant
chemceradiotherapy in rectal
cancer patisnts.

wir-230

adrenat cortical
carcinoma

5

‘The role of mictoRNA
deregulation in the
pathogen of
adrenocortical carcinoema.

mir-210

bladder cancer

Synthetic miRNA-mowers
targeting miR-183-96-182
cluster or miR-230 tuhibit
growth and migration and
induce apoptosis in biadder
carcer cells.

mie-210

colorectal
cancer

uwp

Hypoxia-ioducible MiR-2 1
is an independent prognostic
factor and contributes to
metastasis in colorectal
CaRcRt

mir-210

esophageal
cancer

up

Differantial expression of
miRNAs in esophageal cancer
tissue.

mit-210

glioblasioma

up

Acute hypoxia induces
upregulation of microRNA-
210 expression in
slioblastotng spheicids.

tir-210

glioma

up

MicmRNA-210
overexpression predicis
poores prognosis in glioma
patients.

mir-210

ghioma

up

MIR-210 up-reguiation

inhibits prolifaration and
induces apoplosis
cells by tatgeting !
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mni-210

hepatocellular
carciooma

up

Effects of kuockdown of
iR-210 5 wibinatics with
icnizing radiaticn on human
hepatoma xenogiaft in nude

PCT/US2017/015417

mic-210

hepatocellutar
CArcinoma

up

metasta
cells by eting vacuole
membrace proteta X in

hepatcceliulac carciocoa

mni-210

kidney cancer

up

miR-210 1s 4 target of
hypoxia-inducibie factors 1
and 2 in renal cancer,
regulates ISCYJ and correlates
with good proguosis.

rir-230

hung cancer

up

MiR-210 promotes a hypoxic
phenotype and increases
radioresistance in human lung
cancet celi tines

rir-210

matigrant
melanoma

up

Comparative analysis of
welanoma deregodated
miRNAS in the wedaka avd
Kiphophorus pigment cebl
cancer modets.

mir-240

malignant
wielavema

up

MicroRNA-15b vepresents au
independent prognostic
parameter aod is correlated
with tomor cell protiferation
and apoptosis in matignant
melancma.

rir-210

0SIS0SACoR

up

Prognostic evaluation of
microRNA-210 expression in
pediatiic osteosarcoma.

mir-210

Gvarian canser

up

wiR-210, a trodulator of
hy poxia-indeced epithelial-
mesenchymal transition in
ovarian cancer cetl

mie-210

tenat cell

up

MIR-210 expression in tatior
tssue and in vitto effects of
its silencing in renal cell
carcinoma.

244




WO 2017/132552

mni-210

renal clear cell
casciooma

up

s g

Overexpression of mil-210, 2
downstieam target of HIF1?,
CALSES CeulIosome
atrplification in renal
carcinoma cells.

PCT/US2017/015417

mie-210

renal clear cell
carcincing

up

B NA profiling for clear
cell renal cell carcinoma:
biomarker discovery and
identification of potential
controls and consequences of
miBNA dysiegulation.

mie-210

renat clear cell
carcinonma

up

Seruto miR-210 as a potendial
biomarker of early clear celi
enal cell carcinoma.

mir-240-
3p

glioblastoma

up

Hypoxic sigratute of
mtcroRMAS in gliobiastoma:
insights from small RNA
deep sequencing.

mie-211

colorectal
cancer

uwp

MicroRNA-21 1 expression
promoies colorectal cancer
cell growth e vitro and in
vivo by targeting taox
suppressor CHDS.

mir-242

non-smabl celi
bing cancer

up

MiR-212 displays Tumor
Prowoting propetties v
NSCLC Cells and tatgets the
Hedgetog Pathway Recepior
PTCHI.

mic-242

non-smatl cel
hing cancer

wp

Synaptic acetylchelinesterase
targetad by microRNA-2172
functions as a tumor
suppressor in nou-sioall cell
tung caucer.

mir-212

pansreatic
cancer

up

miR-132 and miR-212 are
increased in pancreatic cancer
and target the retinoblastoma
TWINOF SUPDPISSSOT

mie-212

adenncarcinenm
a

up

miR-2 12 promotes pancreatic
cancer cell growth and
invasion by targeting the
hedgehog signabing pathway
recentor paiched-1.
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mi-214

gastric cancer

up

metastasis by targeting tumer
suppressor EPB41L3.

PCT/US2017/015417

rir-214

gastric cancer

up

Down-regulated miRMNA-214
induces a cell cycle G1 anest
in gastric cancer cells by up-

mi-214

gastric cancer

up

mesenchy mal steny cebls:
novel biomarkers and 2
miechanisto for gastric cancer.

mie-214

gastric cancer

up

Hewmolysis-free plasma toik-
214 as novel biomarker of
gastric cancer and is
correlated with distaut
metastasis.

mic-214

glioma

uwp

Associations betweev the
Expression of micro-RMNA
214 and clinicopathologic
paramneters of gliowa.

mir-244

hepatocellular
cascivoma

up

MicroRNA-214 regulates the
acquired resistance to
gefitivib via the PTEN/AKY
pathway in EGFR-mmant cebl
lires.

mit-214

matignant
melanoma

wp

Cowmparative snalysts of
melanctoa deregulated

iR NAs in the roedaka and
Xiphophorus pigment cebl
cancer models.

tir-214

nasophatynge
{ carcinoma

up

miR-214 promotes
tumongenests by targeting
Iactotransfettin in
nasopharyngeal carcinoma.

ir-214

vascpharyngea
i carcinoma

up

Krockdown of miR-214
Promotes Apoptosis and
Inhibits Cell Proiferation in
MNasophiaryngeat Carcinoma.
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mi-214

osteosarcoms

up

microRMA-234 ts linked to
TUMGE pragression and
adverse prognosis in pediateic
ostRosacomA.

PCT/US2017/015417

rir-214

0V arian cancer

up

Micio-RNAs and ovatian
e1: the state of art and
perspectives of clinical
research.

mi-214

pancreatic
cancet

up

fation of nuk-{5a
14 {v human

Dvsregn
and wi
pansreati

ir-215

cervical cancer

up

MicmRNA-215 is a potential
ogrostic marker for cervical
cancer.

mir-215

gastric cancer

up

MicioRNA-192 and -215 are
upregudated in human gastric
cancetin vivo and suppress

ALCAM expression in vitro,

wir-215

gasttic cancer

np

MiR-215 wodutates gastne
cancer cell pro}ifewation by
targeting RBL.

ir-215

gastric cancer

up

MiR-215/192 participates in
Zastiic cancer progression.

mir-243

hepatocelhilar
carcinona

up

Berom mictoRNA
characterization identifies
miR-885-5p as a potental
marker for detecting liver
pathologies.

mit-216a

hepatocelluwlar
carciooma

up

Andsogen pathway stivitates
microRMA-Z16a travscription
to suppiess the tutoor
suppressor in fung cancer-1
gone in carly
hepatacarcinogenesis.

trir-216a

hepatocelinlar
carcinoma

up

MiR-216a/217-induced

SMAD?7 to promote drug
resistance and recurrence of

liver cafcer.
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mi-217

breast cancer

up

MiR-217 Promotes Tusnos
Proliferation in Breast Cauncer
via Targating DACHL.
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mic-217

hepatocellutar
CArcinoma

up

MiR-2162/217-induced
apithelial-mesenchymal
wansition targets PTEN and
AMADT to promote drug
resistance and recussence of

fiver cancer.

mni-21%

CaArcinema

up

miR-218 suppresses o
growth and enhances the
chemasensitivity of
escphageal squamous cell
cageinoma to cispiatin.

mie-22

non-small cell
tung cancer

up

Circulating miR-22, miR-24
and mik-34a as novel
pradictive biomarkers to
pemetiexed-based
chemotberapy in advanced
aon stoall cell hung ¢

mir-221

auaplastic
thy wid
carcinoma

up

riminate primary
ymphomas from avaplastic
carcineroas in thy roid
cytology smeais.

mit-221

bladder cancer

uwp

Micro-RNA profiling o
kidney and bladder cancers

mir-221

bladder cancer

MicioRNA-221 silencing
predisposed human biadder
cancer cells to nudergo
apoptosis induced hy TRABD..

mir-22{

breast cancer

up

TRPSI targeting by mik-
223/222 promotes the
epithelial-to-mesenchy mal
wansition in breast cancer.

mir-221

breast cancer

up

From microRNA functions to
microRNA therapeut
Novel targets and novel drugs
inbreast ¢ research and
treatmant (Review).

mit-221

breast cancer

up

muR-221/222 proviotes S-
phase entry and celiular
migration in contmi of basal-
tike breast cancer.
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wir-221 colon up PMictwRNA-2Z3 promaies
carcinema colen carcinoma cell
proliferation in vitro by
inhibiting COKNLC/p37
CXPIESSIOn .
frir-221 colorectal up MicroRNA-221 inhibits
cancer CDENIC/HST expression in
hyman colotectal carcinoma.
mir-221 colorectal up MicroRNA-221 controls
cancer CDKNUIC/PST exp RG]
hman colorectal carcinoma)
wr-221 colorectal up MicioRNA-221 promotes
cancer colorectal cancer cell invasion
and toetastasis by targeting
RECK.
mir-221 esophageal up Alteration of miRNA
cancer Expression Correlates with
Litestyle, Soctal and
Environmental Determivants
in Esaphageal Carcinoma
mir-221 folticular up Differential mikRNA
thy wid expression defines migration
carcinoma and reduced apopiosis in
folticutar thy roid carcinomas.
tdr-221 gastric cancer up mIRMA-223 promotes gastric
cancer invasion and
metastasis by targeting tumor
suppressor EPB41L3.
mi-221 gastric cancer up Increased Expression of

MicroRMA-221 in gas
cancet and its clivical
sigoificance.
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mnit-221

gastric cancer

up

Deregulated microRNAS in
gastiic cancer tissue-detived
mesenchy mal sten cebls:
novel biomarkess and a
echanisto for gastrc cancer.

PCT/US2017/015417

mie-221

ghioma

up

MictoRNA-221 targating
PI3-K/Akt sigualing axis
induces cell proliferation and
BCON resistance in buman

wir-221

ghioma

np

giioblasioma

Z21/222 promote husian
ghioma cell invasion and
angiogenesis by targeting
TIMP2.

mir-221

glioma

up

Co-supprassion of miR-
2217222 cluster suppresses
hutan gliowa ceil growihby
rargeting p27kipl o vitro and
invivao.

wir-221

p

MiR-221 and miR-222 target
PUMA to induce cell survival
in gliobiastoma.

mir-221

glioma

up

Uptalea by hutran glictna cell
hines and biological effects of
a peptide~-nucieic acids
targeting nuR-221.

mir-221

hepatocelhilar
carcinonma

up

MiR-221 contiols
CDENIC/psT and
CDRNIR/P2T expression in
human kepatoceliolar
carcinoma,

mit-221

hepatocelhular
carcinoma

up

Kole of mictoRNA-355 at
early stages of
hepatocatcinogenesis induced
by choline-defictent and
amino acid-defined diet in
CIML/G mtce

ir-221

bepaioceltblar
carcinoma

up

miR-223&222 mgniate
TRAIL resistance
enhance tumoriger
throusgh PTEN and TIMP3
downreguiation
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mnit-221

hepatocellular
carciooma

up

oiR-2 1,
miP-145, i
200¢, miR-221, miR-222, and
wiR-223 i patients with
hepatocelinbar cascinoma or
intrahepatic
cholangiccarcinoma and its
PEGENO

PCT/US2017/015417

wir-221

bepatocelbiiar
CaArCinema

np

MicioRNAs iv Hepatobiliany
and Pancreatic Cancars.

mir-221

up

Increased MiR-221

n in hepatocelinlar
wa tissues and s roie
inevhancing cell growth and
inhibiting apopiosis in viti.

wir-221

Giver cancer

p

Bioinformatics analysis
identifies miR-221 as a core
regulater in kepatoceliolar
carcinoma and its silencing
SUPPIESSEs TLIOL PROPELtics.

r-221

matigrant
melanoma

up

The abrogation of the
HOXB7/PBX2 complex
induces apoptosis in
melanomwa through the mik-
223&222-¢-Fi38 patbway .

mir-221

non-smabl celi
bing cancer

up

MicroRNA-Z2 L promotes
human ton-swab cetl Jung

N

cauncer cell H460 growth.

mir-221

non-small celi

hiug cancer

up

miR-221&222 regulate
TRAIL resistance and
enhagice tmorigenici
through PTEN and
downreguiation.

mi-224

oral squamons
cell carcinovia

up

miR-221 and wik-222
expression increased the
arowth and tumorigenests of
oral carcinorma cells.

mi-221

sstegsarcona

up

gh PIIRK/AkE
way i Human
Osteosarcama.
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=221 ovatian cancer up
mic-221 pancreatic up Down-regulation of miR-221
cancer inhibits proliferation of
4 ancer cells
regulation of
27¢sip ), pS7kip2),
and PUMA.
mnie-221 pancreatic up miR-22§/222 indisces
cancet pancrestic cancer progression
theough the regulation of
matrix metalloproteinases.
mir-221 | pancreatic up Metformin Causes (G1-Phase
cancer Arrest via Down-Regudation
of Mil-221 and Enhances
TRAIL Sevsitivity through
DRSS Up-Regolaticn in
Pancreatic Cancer Cells.
wir-221 papiilary up Expression of mIRNAs in
thyroid Papiary Thyroid Carcinonas
carcinoma Is Associated with BRAF
Muotation and
Clinicopathological Features
in Chinese Paticuts.
mir-221 | papillaty up Integrated analyses of
thyroid mictoRNA and mRNA
cascivoma expresston profiles in
aggressive papilary thyroid
carcinetoa
mit-221 papillaty up MicroRINA analysis as a
thy roid potential diaguostic teol for
carcinoma papitlary thyroid carciroma.
dr-221 papiilary up n vivo imaging of fonctional
thy roid targeting of miR-221 iz
CArCinota papitlary thyroid carcinoma.
mie-224 up I vivo imaging of mik-221
ik biogenesis in papilaty
CACLio R thy roid carcinoma.
221 up MiR-221 promotes

development of androgen
independence in prostate
cancer celis via
downreguiation of BECTD?
and RAB1A.

252




WO 2017/132552

mnit-221

SOUARIONS
carciooma

up

Unigue MicroRMNA
Expression Profiles i
Cervical Cancer.

PCT/US2017/015417

mic-221

thyreid
CArcinoma

up

MicroRNAs (miR}-221 and
miR-222, beth overexpiessed
in homan thyroid papi
carcinoras, regulate ¢ pl
protetn levels avd cell cycle.

gastric cancer

up

MicroRMNA profiling o
huoian gasteic cave

mie-222

anaplastic
thy wid
carcinoma

up

A 4-MicroPNA signature can
discriminate primary
Iymphomas from anaplastic
carcinoroas in thy rord
cytolagy smeats.

83
12

-

bladder cancer

up

Increased expression of mik-
222 1s associated with poor
proguosis in kladder cancer.

ir-222

breast cancer

up

Aralysis of serutn genome-
wide microRNAs for breast
cancer detection.

&
w2

-

breast cancer

up

miR-22£/222 prowmotes 8-

phase entry and cellulsr
migration in contiol of basal-
tike breast cancer.

ir-222

breast cancer

up

TRPS} targeting by miR-
promotes the
o-mesenchymal
transition in breast cancer.

mie-222

gastuic cancer

up

wiRNA-223 promotes gastric
cancer invasion and

metastasi ing
SUPPLESSOr

gastric cancer

Increased miR-222
pylori-associated gastric
cancer corelated with tumor
progression by promating
cancer cell protiferation and
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mni-222

gastric cancer

up
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ir-222

gastric cancer

up

Circulating miR-22
plasina and its potential

diagnostic and progu ¢
value in gastric cancer

mni-222

gastric cancer

up

miR-222/VGLLA/ Y AP-
ADT regulatory toop
motes proliferation and
invasion of gastric cancer
sells.

mie-222

glioma

up

Co-supprassion of 0iR-
221/222 clusier suppresses
fmman glioma cell growth by
targeting p27kipl in vitro and
t ng pi

inviva.

83
12

-

glioma

up

WAK-221 and mik-222 target
PUMA to indisce cell suevival
in glioblastoma.

mie-222

glioma

uwp

MiR-221/222 promote liyman
aitoma cell invasion and
angiogenesis by targeting
TIME2.

&
w2

-

hepatocelhilar
carcinonma

up

GNAI3 inhibits towor cell
migsation and invasion and is
post-transcriptionatly
mgulated by mdR-222 in
hepatocellular carcinooa.

ir-222

bepaioceltblar
carcinoma

up

Role of microRNA-155 at
catly slages of
hepatocaminog is induced
by chobin ent and
amivo acid-defined diet in
CSTEL/G mice.

hepatocellistar
carcinoma

up

mR-221&222 reg
TRAN. resistance and
enhance imorigericity
through PTEN and TIMP3
dowmregnlation.
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mni-222 hepatocellular up
carciooma oiR-2 1,
miP-145, i
200¢, miR-221, miR-222, and
wiR-223 i patients with
hepatocelinbar cascinoma or
intrahepatic
cholangiccarcinoma and its
Picgne
wir-2272 bepatocetbsiar up MicioRNAs iv Hepatobiliany
CaArCinema and Pancreatic Cancars.
mie-222 | hepatocelhddar | up ¢
carcivoma oRMAs (0miR-222, miRk-
383, miR-216) in huwan
hepatocelhslar carcinoma and
its clinical significance].
ir-222 matigrant up The abrogation of the
melanoma HOXB7/PBX2 complex
induces apoptosis in
melancwa through the mik-
223&222-¢-F38 patbway .
mir-222 vou-swall celk up miR-223&222 regulate
hung cancer TRAJL resistance and
enhance tumorigenicity
through PTEN and TIMP3
dowsregutation.
rir-222 up Use of Luminex xMAP bead-
based suspension array for
detecting ricroRNA n
NSCLC tissues and its
clinical application.
mi-222 oral squamous up miR-221 and wik-222
cell carcinovia expression increased tbe
arowth and tumorigenests of
H inoma celis.
mie-222 nancreatic up 21222 indices
cancer PANCIRatic Canser Progression
through the regulation of
matrix metatloproteinases.
mie-222 papitlaty up Imtegrated analyses of
thy roid mictoRNA and mRNA
carcinoma EXpYess files in

aggressive papidlary thyroid
Carcingoa




WO 2017/132552

PCT/US2017/015417

papillary up MicroRMNA analysis as 2
thy woid potential diago: ol for
carcinema papillary thyrcid caminoma.
- papillary up mRNA signature
thyoid ngmishes the degres of
carcincing aggiessiveness of papillary
thyoid carcinema.
papiitary up Ciscwbating microRMNA
thyroid profiles as potential
CArCinoma biomarkers for diagnosis of
papitlary thytoid carciroma.
ir-222 papiilary up Expression of miRNAs in
thy roid Papitlary Thyoid Carcteomas
carcinoing ociated with BRAF
in Chinese Patiends.
wir-222  § thywid np MicioRNAs (k)
carcinoma miR-222, both overexpressed
in burmae thy roid papiliary
carcinomas, regodate p27Kipl
protcin tevels and cell cycte.
dr-222- | endoreinial up
3p cancer
mir-223 bladder cancer | up Micio-RNA profiling in
Kidney avd bladder cancers.
mi-223 colorectal up Association of miceoRNA
sancer expiession with microsateliite
instability status in colorectal
adenocarcinowa
colorectal up Circulating Exosomal
cancer mictoRNAs a8 Bicwatk

Colon Cancer.
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mnit-223 colorectal up MicroRNA-223 functions as
Cancer an oncogene inhuwman
colerectal cancer cells.
mice-223 colaractal up Overaspression of miRk-223
cancer cormlates with tumor
mietastasis and poots prognoesis
i ents with colosectal
CHnCat
mie-223 colorectat P C/EBP-7-activated
cancer mictocRNA-223 prosiotes
thmour growth through
rargeting RASAL in buman
colorectal cancer.
mie-223 esophageal up MicroRNA 223 is Up-
adenocarcinom reguiated in the Muitistep
a Progression of Bawrett's
Esophagus and Modislates
Sevsitivity to Cherotherapy
by Targeting PARPI,
mir-223 esophageal up icance of sexum
sguamons cell WiR-22%, miR-25 and wak -
carcinoma 375 in patients with
asophageal squattous cell
Carcinoma.
mie-223 gastric cances up miRNA-223 proviotes gastric
cancer invasion and
wietastasis by targeting tutnor
suppressor EPB4 LS.
ir-223 gastric cancer up MicmRBRNA-223 functions as
an oncogene in kuroan gastiic
cancer by targeting
FBXW7/hCded.
mir-223 gastiic cancer up Plasma roicroRNAS, miR-
223, miR-21 and miR-218, as
novel poteniial biomarkers for
gastric cancer detection
trdr-223 gastric cancer up A profiling of
to cer.
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Table 5. Suramary of micee RNAMMP linked interactions in cancer.
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MV

noma

MIP-14, ERK /2 activation

Pavcreatic ductal
adenccarcingma

ERK/Z activation, TGE-31

dhesion kinase (FAK),
K, VOMP-2 and MOMP-9

Glioblastoma

Migration and invasion

AKT and ERK

0ik-9

MMP-9 and VEGFA

Uveal nelanoma

Migration and invasion

NF-kE1 signaling

miR-9

MiviP-14

MNewrohlastoma

ion, tetastasis, and

wik-10b

MME-9, dherin and vimentin

Nasopharyugeal carcinoms

2 and MMP-9

cells

10iR-10b MMP-14 and uPAR Glioma Celi invasivenass -

miR-10b MWVEP-Z, EGER. Glioblastoa multforine Apoptosis invasion and IGEFR pathways
wligiation

miR- 150 MMP-3 Glioma Cell invasiveness MEK-ERK pathway

ik -17 MME-3 Hepatocellular carcinoma Migration and invasion p-AKT

wik-21 RECK, MMP-9 Prostate cavcer Na -

r0iR-21 Phospho-c-Jun, MMP-2, MMP-9 Hepatocellular caicinoma Migration and invasion -

miR-2{ RECK, MMP-2 Glioma Apopiosis, migration, and -
wvasiveness

mik-21 MMP-2, EGFR. Glioblastoma moltiforme Apoptosis invasion and EGFR pathways
migration

wik-26a MME-2 Lung cancer Migraticn, invasion and AKT phosphorylation
metastasis

miR-29b MMP-2 Colon caveer Migration -

miRk-29b MwMP-2 Hepatocellular caminoma Tumer angiogenesis, invasion, VEGFR-2-signaling
ang i

ik -25b MMP-2, Mcl-1, COL1AL, and Prostate cancer invasicr and metastasis -

COLAAL
miR-29¢ MWEP-2 Nerve sheath tumours Cell invasion and wigration -
miR-30 SOCS, phospho-8STAT3, MMP- | Prostate cancer Profiferation and invasion STAT3 sigoalling

ida

Fra-1, ps3 MMP-1 and MMP-9

olon cancer

Migraticv and invaston

ik -92a

MME-2 and -9

Lung cancer

Migration and invasion

r0iR-101

Enhancer of zeste homolog 2
EZH2), CRBI and MMP-2

Lung cancer

Cell invasivenass

miR-106b

MMP-2

Biaast cancer

Migration and iovasion

ERK signating cascade

MME-2 aud MMP-9

Glioblastoma

lovasion

MMP-14

Lung cancer

Jelt protiferation, mugration and
invasion

miR-138

RhoC, MMP-2 and MMP-9

Cholangiocarcinoma

Proliferation, tigration and
wvasion

P-ERK sigmabing

mik-139

IGF-IR and MMP-2

Coloractal cancer

Migration, invasion and

IGF-IR/MEK/ERX signaling

oik-143

MMP-13

P

ostate cancer

Migraticn and invasion

10iR-143 MMP-2 and MMP-9 Pancreatio cancer Migraticn and invasion -
miR-143 MVIP-13 (steosarcoma Cell invasiveoess -
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0iR-145

ot metastasis, and

angiogenesis
miR-146a MWMP-1, uPA, and WPAR Brain cancer Migration, invasion and

metastasis
wik- 1465 Colon cancer [uvasion -

ik-149 MMP-2 and CychinD} Glioma Proliferation and invasion AXKT signaling
miR-152 MIVEP-3 Glioma Cell invasiveness -ERK patbway

miR-181b

MWIP-2 and MWVP-9

Fepatoceliular caictnomas

Migration and iovasion

"GE- B, Sinad signaling

miR-182

MhP-o, RECK

Braast cancer

ceil invasion and colony
formation ability

wik-196b

Vimentiv, MP-2 and MVP-Y

Migratics. and invasion

MMEP-$ and Robol

Sastric caveer
Sliohlastoma

{
{

Poliferation, migraticn, and
ixvasion

ERE. phosphoryiation

miR-24¢6

MIVIP-2 and MMP-4

Breast cancer

Invasion and migratics

miR-211

MMP-¢ Glioblastoma moltiforme Cell invasion and rigration
LEF1, MMP-2, -7 and -2 Gilioblastoma maltiforme [nvasion -
MMP-9 Gliomas Cell invasiveness IKK-P/NE-kB patbway

MMP-$ via targeting HOXD10

Humao hepateceiinlar
carcingroa

Migraticn and invasion

miR-338-3p SMIC and MMP-9 Hepatocedlular caicinoma Invasion and metastasis -
miR-340 MWP-2 and MMP-4 Bieast cancer Tumor cell growth, migration,
and invasion
ik-430 ERK, MMP-2 and MMP-9 Bladder cancer Protiferation, migration and -
colony formation ablility
miR-451 Aktl, CyclinD, MMP-2, MVIP-9 1 Glioblastoma Prosferation, tovasios and POBE/AKT sig
and Bcl-2 APOPLosis
R4 | MME-9 Hepatocelllar carcinoma Migration. -
91-3p MMP-9 Glioblastoma wuliiforme [nvasion -

iR NA-590-3p

PI3K, Akt, MMP-2 and MMP-4

Bladder cancer

Proftferation, migratico and
colony-formation

PI3K. Akt signaling

ViV T growth

miR-874 MWMP-Z and -9, Aquaporin-3 Fluman gastric cancer Cell migration and invasion -
assays and iv vivo
tumoigenicity

miR-874 MWVIP-2 and wPA Non-smatl cell tung cancer Tumoer cell ivvasiveness and o -

MMEP-9

Globlastoma woltiforme

[uvasion
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Table 6. Target proteases and cancers associated with their overexpression,

aneal [ntraceular, tysosomes Moast
Cathepsin K Extracellular, bone Breast
Cysteine Cathepsins Cathepsin B Ext 'ell}ﬂar and pgricclluiar wnder Brcast-”crvix,, colon, colorectal, gasmc, head ;.md
pathological conditions veck, itver, Jung, melancwa, ovadan, pancreatic,
Cathepsin L colorectal
Cathepsin i Hodosomal steuctores, BR, Golgi Cervical, gastric, lung, pancreas adenocarcinemas
Aspartic Cathepsins Cathepsin D Lysosotog Breast, colorectal, ovarian
General Intracetiular, secreted Most
B |
Kattikreins (hK) PSA (K. 3) Prostate, avarian
hK10 Colon, ovatian, pancreatic, bead and veck
hK1s Ovarian, prostate
Setine Proteases uPA, oPAR Memtrane, Pericelludar Cervical, colotectal, gastric, prostate
| Caspases Intracettular
General Extiacetliar Most
MMP-1, -8, -13 Breast
MMPs MwP-2, -9 Breast. colorectal, lung, makignant ghionas,
ovatian
MMEP-14 Membrane Eireast
ADAM Exticetliar
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Table 7. List of selected oncogenes associated with human malignancy

AR hassage:
see tyrosine ki £ 0 roneing
ABL1{ABL) 9q3d.1 Chronic myeloid fsokenia leukemia protein
Merher of the tymosine kinase family.
ABL2 Important for synapse assembly and
(ABLL ARG) 1q24-925 acute myeloid leukemia remodeling

AKAPLES (FIT3Y,
LBC BRX)

15q24-325

beeast cancer

Blast crisis encogene

ARAFL

angioinununoblastic lvmiphadenopathy with
Jyspinieinemia

Setine/threonine kivase

Codes for protein that controls
cytoskeletal or, on through
egulation of swal IP-hinding

ARHGEFS (TIM) 7q33-33 Breast cancer profeing
ATFIEWS fusion gene associated with mabignant
welavotna of soft parts (MMSP) ATFIAUS with Caodes for cAMP-dependent
ATFL 12q13 histiocytoma, transcription factor-1
AXI. 19q33.3-q33.2 Chrowe myelogenons feukewia teansforing gene to acute teukewia
Mediator of apoptosis. Translocation is
BCL2 18g21.3 Burkitt by mphora, follicubar byinphoina marker of poores {herapentic respouse

BRAF (BRAFI,

Hairy cell leukemia, Malignant melanctoa, thyroid
ry cancer, thyroid anaplastic carcinoma, bowel

cancer, adenocarcinoma of hung, son-Hogking

RAFBY Tq34 ymphoma 568 PrO0-0uLogenes
Hereditaty breast-ovarian cancer sy ndrome. Fagmilial
Breast cavcer, Papillary serous carcinoma of the

BRCAL 17q2t peritoneurn PSCP), Prostate cancer see BRCAL,
Familial Breast cancer, prostate cancer, pancreatic

BRCAZEFANCDYL) 13g42.3 cances see BROCA2

BRIPE

Ovarian cancer, breast cancer

BRCAL imeracting protein C-iertoinal
helicase | which is important in rormal

double-strand break repair

CBL (CRL2)

Se& pio-0NCogLnes

CEE)

Type M4 scute myeloblastic lenkerwa and choonic
myekormonocytic leuketia

Codes for colow
weceptor, otherwise known as
macrophage colou; woulating factor

wnlating factor-3

Codes tor death-associated protein
kinase a positive mediaters of
apoptesis induced by gamra-

DAPKI (DAPK) 90341 Bladder cancer interfron.
Codes for DNA bieding protein
involved in transcriptional regulation
and signal transduction as a component
DEK/NUP214(DEK/CAN) fusion gene associated of the splicing complex that renains
DEK (D6S231E) 5p23 with acute mveloid keukeria associated with sphiced exons.
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Ggen-

activated protein (MAR) Kivase tamily

DUSPo and has key role in cellular signal
(MKP3,PYSTH 12922423 Non-smail cell long cancer, pancreatic cancer trapsduction
EGE $68 PINI0-0NCoRLnes

"GER (ERBEBE,

BB 5e8 Protn-euLogenss
elevated ERBB3 mBNA lavels in
ERBE3 (HERY) 12913 Non-smial} cell hmg cancer breast canoer
ERG s8¢ proto-oncogenes
562 Prot-cucogenes
Agute myeloid Jeukemia Codes for a transcriptios factor
EWS/ERG in Ewing sarcomna, esthesioneuroblastorna
EWS/FEV fusion gene in Ewing satcowa,
BEWS/ZNE278 in simall tound cell satcowa,
EWS/FLI inBwing sarcoma , EWS/ATEL i
EWSR1 (EWS, malignant melanoma of scfi pansMMSP EWS/WT
PNE,) 22qi2 in desmoplastic small round cell tomor Ewing sarcoma breakpoint | gene
& cell by 13, acuie promyelocytic leukewia,
bladder carcinoima, tung cancer, bieast cancer, colon
cancer, neuroblasioma, pre-B Iy raphocyte reoplasm, Codes for a tyrosine-specific protein
plasmacytoma, multiple myeloma, T cell iy mphoma, kinase with a role in regulating
15q26.1 SRTCOWA IMINDE FESpONse
A fibroblast growth factor Important in
11ql3 Stowach cancer, kaposi saicotna Limb development.
SE8 PIoty-oucngenss
EGERUFGERIOPZ fusion gene in non-tHodgkin
FCFERI0P (FOP) 6q27 Iymphoma
FLCN 17p1i.2 Renat cancer, bowel cancer see FFON
FOS {c-os) 149243 S€E PIOID-GOCHEEnRs

SEE [WNCF SUPPISSSOrs

p3 .2

568 Proto-eucogenes

HRAS 1ipis.s SeE Proto-oncod
Caodes for a Kruppel (Kr) zinc finger
GLIY 12q13.2-q13.3 Glicroa, wiyxoid liposarcotna, salivary gland tamor protein
Codes for a Keuppel 0K0) zing finger
GLI2 2qld Glioma protein
Xqe Gerw. cell cancer, Bepatocellsiar cancer see GPC3
TERI, NEU) 172141 Breast capcer, lung cancer see HER?2. Targeied by Trastuzugsiab.

HGF (SF)

7214

Prosiate cancer, renal cancer

wit factor
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RFS (L

8-cel} iymphowa, B-cell Jeukemia, Multipie

odes for av tntedferon
factor essential or lymp

MUMD) 6p25-p23 myekorma
JUNE 19p33.2
Transmembiane tyrosine kinase
receptor for stem celi factor (SCFR) is
Gastrotatestinal stroal tuwer (€ ), mast celt wequired for haematopoiesis,
leukerda, mastocytosis, seminoma and melancgenesis and gametogenesis.
KIT(SCFR) 4q12 dysgerminoma Mutations cause pichaldisn:.

KRAS2 (RASKY)

SEE PINI0-ONCCLETES.

Non-swall cell hung cancer, Newroblastowa, non-

codes for lymphocyte specific protein
tyrostoe kinase

LCK tHodgkin lviophoma
LCO 2¢14-g21 Hepatocethular carcinoma
MAP3KS(TPL2, Ewings sarcoma, aderocarcinoma of hung, thymid Codes for a serine-threcnine protein
COT,EST) 10pil.2 carcinoma kivase.
Codes for a GOP-GTP excbavge factor
that modulaies the activity of smail
MCF2 (DBL) Xq27 Breast cancer TPases of the R family

MIDM?2 acts as a viajor tegulator of the
tamor suppressor pS3 by targeting is
destruction. Direct asscciation of p53
with the protein MDM?2 results in
ubiguitination and subsequent

MDM2 12qi4 3-qi3 Multiple degradation of ps3
MET{HGFR.
RCCP2) T3l 362 proto-oncogenes

MLHE type genes

$€¢ PIoto-Cacogenss

MMD

i7q

Non smatl cell ing cancer, bepatocelbslar carcinoma,
colon canger

Caodes for wenecyte to macrophage
differentiation asscciated protein.

MOS (M3V)

Bql}

Buorkitt lyropbota, acute myeloblastic leokemia

MRAS (RRAEZ)

)

o

2
]
w

Function in man unknowi. Above
associations tndirect but analogous
gene to Moloney murine sarcoma
vitus.

Activated in toavy imors

Codes for a RAS GTP-binding protein
membrane-anchored, nteaceitular
signal transducer

MEH iype genes

SEC PINig-oncey

MYS (AMY)

Alteraticns found in wiore thav a third of human solid
fwinor dines

bematopoietic cell protiferation and
development

MYC

Burkitt ly 4 Over expiession in mnany
wiadigraveies, possibly associated with angic
invagive promoting poperties in excess.

A teanscription $aciot that promotes
cell proliferstion

Smalk cell g cancer, adenocarcinosos of long,

MYCL (EMYC) 1p34.3 veuroblastora
Overlaps with NMYC and is
MYCH 2p24.1 Neuroblastomas ix; tibed from opposite DNA strand
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NCOAS (ELEL,
ARATH PTCSY

Interacts with the androgen receptor in

10q3 8.2 Erostate cancet presence of dihydrotestosterone

WNFI type genes se¢ LWINCE SUPPressors
Overlaps with MYCN and is
transceibed from opposite DNA steand.

NMYC 2p24 Neuroblastomnas, retinoblastoma Probably a2 DNA-binding protein.

NRAS ipl3.2 s0€ proto-NRCogenes.

NTRK3 (TRK,

TREKA) 1q23-n22 568 PIOID-CHCHZENSS.

NOP214DEX fusion g ssociated with scute
NUP24 (CAN, myelotd lenkertia, NUEZ14/ABL1Y associated with T- | Codes for nicleopetio component of

DUS46E) 9q34l cell acute ly phoblastic leukemia (T-ALL). the vertebraie vuclear pore complex.
Abnounal in about 40% ovarian
[ Sp24 Dvara adenacarcinoma adenocarcinoma
TES3 (P53) 17p13.1 560 HIOY SUPPIEsSOrs
PALE2 16pi2 Breast cancer see PALB2
Treanscriptions factor, canses some
PAX3 @IP2) forts of Waardenburg syndrome and
STATI 2435 Alveolar thabdomy osarcoma regolaies RET.
PDGFR (315) 56€_PEOIO-0NCoREes
PV genes 562 Proto-eueogenss
PME (MYL) 15922 SEE THNOoUY SUpPressoss
PMS (PMEL) genes SEE TWINOUE SUPPTEssNIs
Codes for 2 serine/tbreonive proteiv
phasphaiase that atierates apoptosis
and facilitates iransformation of
PPMID (WIPL) 17922423 Braast cancer, Osieosarcoma orimary cells in cooperation with RAS

PTEN MMACH

SEE [WNCr SUPPIeSSOrs

PVT] Qa4 Burkitt lvopbowa
A regulator of endothelial cell survival
duriny i Activaied RAF
mach cancer, renal cancer, glishlastoma, larvngeal
RAFI (CRAE) 3p2s Cancer

REIRB)

1314 1-qi4.2

Rentnoblasioma, asteogentc satwoma, simall cell
carcinoma of hung, bladder cancet

10q21.2

Multiple endocrine neoplasia type 22 and 2b and
Medublary thyroid carcinomas

see RE

RRAZ (TC2E

lipter-pl5.5

Teratocarcing iNa, Ovarnas cancey

Sirgle point motaticn activates its
oncogene potential

RO31 (ROS,
MCF3)

622

Glioblastoma and probably others

ROSI/FIG fuston protein is a ty rosing
kinase foond in astrocyiotoa

SMAD type genes

$62 MRINOT SUPPISsSHIs
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INIG) 22q1t 568 MU0 SUPPTESSOrs
s for a HECT domain E3
ligase that regulates turnor
cell plasticity aod motlity through
SMUPRF1 7q21.i-g31.1 Pancreatic cancer degradation of RhoA

SRC (AVS)

20g12 13

hepatic metastatic bowel cancer, colon cancer,
leukemia

Intracettular comuoinuication regulatot
protein Mutatior acttvating,
transfonming, tumaosigenic, and
metastasis-protog ting

STAT1 2q32.2-932.3 Non-stoalh cell hung cancer see STATI
Codes sigual protein that induoes cell
transformation through a combined
inbibition of apoptosis and celi-cycle
STAT3 17q21 Epithelial cancers activation
Cuodes signat protein that induces cell
transformation through a combined
inhibition of apoptosis and celi-cycle
STATS 17q11.2 Permissive for a wide range of malignancies activation
Probably codes for signaling protein
TDGEL (CRGE) 3p23-p21 teratocacinoma for mescderto development
TGEBR?2 3p22 SEE PI0I0-0NCoEenes

THRA (ERBA,

EART eic)

56C Proto-oucogenes

G (ITRK'T3)

3qli-gi2

Papillary thyroid carcinsr

Chiroeric oncogene with NTRK1
prote-oncogene

1 (TRIM24,

Fusion genes associated with papiliary thymid

Caodes for teanscriptional intermediary

TIF1A) 7q32-q34 carcinoma and myleopmliferative disorder factor 1
TNEC N, HX33) 9433 Neurosibromatests type 3, Pancreatic cancer see INC
TRK 1g21-g22 SCE PROL0-0RCOLLHes
TVSCS {p22 $EE LMoY SupPLessors
Codes for 2 ubiquitin-specific protease
UBP6 (TRE2) 17p13 Mutltiple cancers found only in primates

WNTE (NTY

12qi2-433

S6C Pin{e-ond:

11pl13

‘Wiksos tumour, over expressed in bieast and fung
cancer, myveledysplastic syndrome and acute wyeloid
leukemia

A zine finger DNA-binding protein
acting as a transcriptional activator or
ot depending on intracelniar

3p26-p25

S6¢ WNos SIPPressois
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CLAIMS:

1. A recombinant herpes simplex virus (HSV) comprising: a deletion in the internal repeat
joint region such that the recombinant HSV genome comprises one copy of each of the ICPO,
.gamma.34.5, LAT, and ICP4 genes; and at least one copy of a micro-RNA (miR)-124 target
sequence inserted into the ICP4 locus of the recombinant HSV genome and at least one copy of a
miR-122 target sequence inserted into the ICP27 locus of the recombinant HSV genome,
wherein replication of the recombinant HSV is reduced in a first cell compared to replication of
the recombinant HSV in a second cell and wherein the endogenous expression of miR-124 or
miR-122 in the second cell is reduced compared to the endogenous expression of miR-124 or

miR-122 in the first cell.

2. The recombinant HSV of claim 1, wherein the at least one miR-124 target sequence and the at
least one miR-122 target sequence are incorporated into the 5' untranslated region (UTR) or 3'

UTR of the ICP4 locus or ICP27 locus, respectively.

3. The recombinant HSV of claim 1, wherein two or more miR-124 target sequences are inserted

into the ICP4 locus of the recombinant HSV genome.

4. The recombinant HSV of claim 1, wherein two or more miR-122 target sequences are inserted

into the ICP27 locus of the recombinant HSV genome.

5. The recombinant HSV of claim 1, further comprising at least one additional miR target
sequence incorporated into the ICP4 locus, wherein the additional miR target sequence is a

sequence other than a miR-124 or a miR-122 target sequence.
6. The recombinant HSV of claim 1, further comprising at least one additional miR target

sequence incorporated into the ICP27 locus, wherein the additional miR target sequence is a

sequence other than a miR-124 or a miR-122 target sequence.
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7. The recombinant HSV of claim 1, further comprising a heterologous polynucleotide sequence
encoding a human IL-12 protein inserted into the recombinant HSV genome between the UL3

and UL4 open reading frames.

8. The recombinant HSV of claim 1, wherein four miR-124 target sequences are inserted into the

ICP4 locus of the recombinant HSV genome.

9. The recombinant HSV of claim 1, wherein four miR-122 target sequences are inserted into the

ICP27 locus of the recombinant HSV genome.

10. A composition comprising the recombinant HSV of claim 1 and a pharmaceutically-

acceptable carrier.

11. A recombinant herpes simplex virus (HSV) comprising: a deletion in the internal repeat joint
region such that the recombinant HSV genome comprises one copy of each of the ICPO,
.gamma.34.5, LAT, and ICP4 genes; at least one copy of a micro-RNA (miR)-124 target
sequence inserted into the ICP4 locus of the recombinant HSV genome and at least one copy of a
miR-122 target sequence inserted into the ICP27 locus of the recombinant HSV genome; at least
one additional miR target sequence incorporated into the ICP4 locus or the ICP27, wherein the
additional miR target sequence is a sequence other than a miR-124 or a miR-122 target
sequence; and a heterologous polynucleotide sequence encoding a human IL-12 protein inserted
between the UL3 and UL4 open reading frames, wherein replication of the recombinant HSV is
reduced in a first cell compared to replication of the recombinant HSV in a second cell and
wherein the endogenous expression of miR-124 or miR-122 in the second cell is reduced

compared to the endogenous expression of miR-124 or miR-122 in the first cell.

12. A composition comprising the recombinant HSV of claim 11 and a pharmaceutically-

acceptable carrier.
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13. The recombinant HSV of claim 11, wherein the at least one miR-124 target sequence and the
at least one miR-122 target sequence are incorporated into the 5' untranslated region (UTR) or 3'

UTR of the ICP4 locus or the ICP27 locus, respectively.

14. The recombinant HSV of claim 11, wherein two or more miR-124 target sequences are

inserted into the ICP4 locus of the recombinant HSV genome.

15. The recombinant HSV of claim 11, wherein two or more miR-122 target sequences are

inserted into the ICP27 locus of the recombinant HSV genome.

16. The recombinant HSV of claim 11, wherein four miR-124 target sequences are inserted into

the ICP4 locus of the recombinant HSV genome.

17. The recombinant HSV of claim 11, wherein four miR-122 target sequences are inserted into

the ICP27 locus of the recombinant HSV genome.

272



