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(57) Abstract: The present disclosure relates to recombinant viral vectors for the treatment and prevention of cancer. Oncolytic viral
vectors incorporate one or more of the following features: viral replication restriction by insertion of tumor-suppressive microRNA
(miRNA) target sequences into the viral genome; distuption of oncogenic miRNA function; cancer microenvironment remodeling;

O and cancer cell targeting by incorporation of protease-activated antibodies into the viral particle.



WO 2017/132552 PCT/US2017/015417

ONCOLYTIC VIRAL VECTORS AND USES THEREQE

CRross REFERENCE 70 RELATED APPLICATIONS

{0001 This apphlication claims prionity 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 s being submitted electronically via EFS-

Web.

FIELD 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 wnto 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 mamtaming the health and viabiity 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.

{6065] Oncolytic viruses are viruses that preferentially infect cancer cells and
have been used in multiple pre-chinical 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 wviruses to exploit
pathways, proteins, and genes that are differentially expressed in normal vs. cancerous tissue can
mcrease 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 i cancer associated genomic regions, or in fragile sites, further
strengthening the evidence that miRNAs play a pivotal role m cancer. miRNAs are differentially
expressed 1 cancer tissues compared to normal tissues and can have a causative relationship to
tumorigenesis. By explotting this differential miRNA expression in diverse tumor types, the
cancer therapeutics described herein possess a broad spectrum safety and efficacy profile,
wherein oncolytic viral replication 1s regulated based on the expression of a particular miRNA or
group of miRNAs. Further, the oncolytic 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

[{6067] 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
mdividually or in combination: restricting viral vector replication to cancer or tumor cells by
mserting tumor-suppressive microRNA (miR} target sequences into the viral genome;
mcorporation 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 viral

particle.
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{60068] In some embodiments, the present invention provides for a recombinant
oncolytic virus comprising one of more copies of one or more tumor-suppressive micro-RNA
(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 vaccinia 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
stimplex virus and wherein the one or more viral genes required for viral replication is selected
from the group consisting of ULT, ULS, UL6, UL7, ULS, ULY, ULHI, UL12, UL14, UL1S5,
UL17, ULIE, ULI9, UL20, UL22, UL2S5, UL26, UL26.5, UL27, UL2§E, UL29, UL30, UL31,
UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL4], UL49, ULS2,
UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, USS,
USS, UST0, USTE, and US12. In some embodiments, the tumor-suppressive miR target sequence
15 a target sequence for a muR selected from Table 3. In some embodiments, the one or more
tumor-suppressive miR target sequences 1s incorporated into the 57 untranslated region (UTR) or
37 UTR of the one or more viral genes required for viral replication,

[0069] 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 inserted mto 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 s
at least 5% greater than the expression level of the tumor-suppressive miR i the second cell. In
some embodiments, the second cell has a reduced expression of a tumor-suppressive niR
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 mn the first cell In some embodiments, the second cell 15 a

cancerous cell.

)
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[{6010] In some embodiments, the present invention provides for a recombinant
oncolytic virus comprising one of more copies of one or more tumor-suppressive micro-RNA
(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 nmiR-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 miR target sequences for miR-124, miR-451, muR-143-3p, miR-1, and miR-
559. In some embodiments, the oncolytic virus comprises the tumor-suppressive miR target
sequences for muR-124, miR-451, muR-145-5p, and muR-359. In further embodiments, the
oncolviic virus 15 used for the treatment of a tumor derived from any type of cancer. In some
embodiments, the oncolytic virus comprises the tumor-suppressive miR target sequences for
miR-205p, nuR-141-5p, miR-31-5p, and nuR-124. In further embodiments, the oncolytic virus is
used for the treatment of schwannoma. In further embodiments, the tumor-suppressive miR
target sequences are inserted into the ICP4, ICP27, UL19, and/or UL30 locus.

[0011] In some embodiments, the present mvention provides for a recombinant
oncelvtic virus comprising one or more copies of one or more tumor-suppressive micro-RNA
{miR) target sequences inserted mto a locus of one or more viral genes required for viral
replication, wherein the tumor-suppressive miR target sequence 15 a target sequence for miR-
136-3p, miR-432-5p, muiR-1-3p, muR~127-3p, miR-379-5p, miR-493-5p, miR-223-5p, nuR-223-
Sp, miR-136-5p, miR-451a, miR-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, mik-376b-3p, miR-758-3p, miR-1, miR-101, miR-1180, miR-1236, miR-124-3p,
miR-125b, miR-126, miR-~1280, miR-133a, muR-133b, miR-141, miR-143, miR-144 miR-145,
miR-155, miR-16, muR-18a, miR-192, miR-195, miR-200a, miR-200b, miR-200¢, miR-203,
miR-205 muR-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 muR-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 muR-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, niR-3943, miR-490-3p, miR-383-5p, miR-
133b, miR-~129-2-3p, nuR-128-2-5p, muR-133a-3p, muR-129-5p, miR-1-3p, nuR-885-3p, miR-



WO 2017/132552 PCT/US2017/015417

124-5p, miR-759, miR-7158-3p, miR-770-5p, miR-135a-5p, muR-885-5p, let-7g-5p, miR-100,
miR-101, miR-106a, miR-124, miR-124a, nuR-125a, miR-12%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-219-5p, muR-222,
miR-29%, miR-31, miR-3189-3p, miR-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, miR-
7, miR-7-5p, miR-873, let-7a, let-7f, miR-107, miR-122, miR-124-5p, miR-139, miR-146a, miR-
146h, miR-15b, miR-16, miR-181a, miR-181a-1, miR-1813-2, miR-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, muR-29c, miR-328, nuR-34¢-
3p, miR-34¢-Sp, muR-375, miR-383, miR-451, miR-452, nuR-495, miR-584, miR-622, miR-
656, miR-98, miR-124-3p, miR-181b-5p, nuR-200b, and/or miR-3189-3p. In further
embodiments, the oncolytic virus 1s used for treating brain cancer.

[0613] In some embodiments, the tumor-suppressive nuR target sequence is a
target sequence for muR-10b-5p, muR-126-3p, muR-145-3p, miR-451a, muR-199b-5p, muR-5683,
miR-3195, miR-3182, muR-1271-3p, miR-204-5p, miR-409-5p, miR-136-3p, miR-514a-5p,
miR-559, miR-483-3p, miR-1-3p, miR-6080, miR-144-3p, miR-10b-3p, muR-6130, muR-6089,
miR-203b-5p, miR-4266, muR-4327, nuR-5694, miR-193b, let-7a, let-7a-1, let-7a-2, let-7a-3,
let-7b, let-7¢, tet-7d, let-7e, let-7f-1, let-7£-2, let-Tg, let-71, miR-100, nuR-107, miR-10a, muR-
10b, miR-122, nmuR-124, nuR-1258, muR-125a-5p, muiR-125b, miR-126, miR-127, muR-129,
miR-130a, miR-132, miR-133a, miR-143 miR-145 miR-140a, miR-146b, miR-147, miR-148a,
miR-149, miR-152, miR-153, miR-15a, nuR-16, miR-17-5p, miR-181a, muR-1826, miR-183,
miR-185, miR-191, miR-193a-3p, miR-195, miR-199b-5p, nuR-19a-3p, miR-200a, muiR-200b,
miR-200¢, miR-205, miR-206, miR-211, miR-216b, miR-218 muR-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-502-5p, niR-517a, miR-574-3p, miR-638, miR-7, miR-720, miR-873, miR-§74, miR-
92a, miR-98, miR-99a, mmu-miR-290-3p, and/or mmu-nuR-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 nMuiR-~143, muR-~-145, miR-17-5p, nuR-203, nuR-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-7¢, let-7d, let-7e, let-7f-1, let-7£-2, let-7g, let-71, miR-~100, muR-~-101, miR-
126, miR-142-3p, nuR-143, miR-145, nuR-192, miR-200¢, miR-21, miR-214, miR-215, nuR-
22, muR-253, miR-302a, miR-320, miR-320a, miR-34a, muiR-34¢, nuR-365, miR-373, muR-424,
miR-429, miR-455, miR-484, miR-5302, miR-503, nuR-93, muR-98, miR-~186, miR-30a-5p, miR-
627, let-7a, muR-1, miR-~124, muR-125a, muR-129, nuR-1295b-3p, miR-1307, nuR-130b, miR-
132, muiR-133a, nuR-133b, ouR-137, muR-138, muR-139, muR-139-Sp, miR-140-5p, miR-148a,
miR-148b, miR-149, miR-150-5p, miR-154, nuR-15a, muR-15b, miR-16, muR-18a, miR-191,
miR-193a-5p, nuR-194, nuR-195, miR-196a, miR-198, miR-19%9a-5p, nuR-203, nuR-204-5p,
miR-206, miR-212, muR-218, miR-224, miR-24-3p, muR-26b, ouR-27a, muR-28-3p, miR-28-5p,
miR-29%b, miR-30a-3p, miR-30b, miR-328, muR-338-3p, miR-342, muR-345, nmuR-34a-5p, miR-
361-5p, miR-375, miR-378, miR-378a-3p, miR-378a-5p, miR-409-3p, muR-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
1s 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¢, miR-34a, miR-34dc, miR-424, miR-449;,
miR-343, 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 1s used for treating
endometrial cancer.

{6017] In some embodiments, the tumor-suppressive nuR target sequence is a
target sequence for miR-125b, miR-138, miR-15a, miR-15b, muR-16, miR-16-1, miR-16-1-3p,
miR-16-2, muR-181a, miR-181b, muR-195, miR-223, ouR-29b, niR-34b, muR-34¢, miR-424,
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miR-10a, miR-146a, miR-150, miR-151, miR-155 muR-2278, nuR-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-29a,
miR-30c, miR-720, miR-107, miR-342, miR-34a, miR-202, miR-142-5p, miR-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-199a, miR-199a-3p, miR-203, muR-205,
miR-497, miR-508-3p, miR-509-3p, let-7a, let-7d, ouR-106a*, miR-126, muR-1285, nuR-129-
3p, muR-1291, muiR-~133a, miR-135%, miR-138, miR-141, nuR-143, ouR-182-5p, miR-200a,
miR-218, miR-28-5p, miR-30a, miR-30¢, miR-30d, miR-34a, ouR-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 1s used for treating kidney cancer.

[0019] In some embodiments, the tumor-suppressive iR target sequence is a
target sequence for let-7a-1, let-7a-2, let-7a-3, let-7b, let-Te, let-7d, let-Te, let-7f, let-7£-1, let-7f-
2, tet-7g, let-71, muR-1, muR-100, muR-101, miR-103, miR-~122, ouR-122a, muR-1236, muR-124,
miR-125b, muR-126, muR-127, ouR-1271, muR-128-3p, miR-129-5p, miR-130a, nuR-130b,
miR-133a, miR-134, muR-137, muiR-138, muR-139, nuR-139-5p, miR-140-5p, miR-141, miR-
142-3p, miR-143, niR-144, miR-145, miR-146a, miR-148a, miR-148b, miR-150-5p, miR-15b,
miRk-16, miR-181a-5p, miR-185, miR-188-5p, miR-193b, miR-195, miR-195-5p, miR-197, miR-
198, miR-199%a, miR-19%a-5p, miR-199b, miR-199b-5p, miR-200a, miR-200b, miR-200¢, miR-
202, muR-203, miR-204-3p, miR-205, miR-206, miR-20a, muR-21, miR-21-3p, muR-211, miR-
212, muR-214, miR-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-9%, 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,
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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, muR-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-199a-5p, miR-
145-3p, miR-1435-5p, nmuR-1297, miR-141, miR-145, miR-16, miR-200a, miR-200b, nuR-200c¢,
miR-29b, miR-381, miR-409-3p, miR-429, muR-451, miR-511, miR-99a, let-7a-1, let-7a-2, let-
7a-3, let-7h, let-7T¢, let-7d, let-7e, let-7-1, let-7f-2, let-7g, let-71, miR-1, ouR-101, miR-133b,
miR-138, muR-142-5p, miR-144, nuR-1469, muR-146a, miR-153, nuR-15a, miR-~15b, miR-16-1,
miR-16-2, nuR-182, uR-192, miR-193a-3p, miR-194, miR-195, miR-198, miR-203, muR-217,
miR-218, miR-22, miR-223, miR-26a, muiR-26b, miR-29%, miR-33a, miR-34a, miR-34b, muR-
3dc, nuR-365, miR-44%a, miR-449b, nuR-486-5p, nuR-545, nuR-610, miR-614, miR-630, miR-
660, miR-751S, miR-9500, muiR-98 miR-99, miR-~1334, let-73, miR-100, miR-106a, muR-107,
miR-124, muR-125a-3p, miR-125a-3p, miR-126, miR-126%, miR-129, miR-137, miR-140, miR-
143, muR-146b, miR-148a, miR-148b, miR-149, muR-152, miR-~-154, nuR-155, muR-17-5p, miR-
181a-1, muR-181a-2, miR-181b, muR-181b-1, muR-181b-2, miR-181¢, miR-181d, muR-184,
miR-186, miR-193b, miR-199a, miR-204, vuR-212, muR-221, muR-224, muR-27a, muR-27h,
miR-29%, miR-30a, miR-30b, muR-30¢, muR-30d, muR-30d-5p, miR-30e-5p, miR-32, muR-335,
miR-33%-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, miR-625% and/or miR-96 inserted
mto 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, muR-1280, muR-143, miR-146a, muR-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, nmuR-34a, nmiR-
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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[6022] 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, nmiR-2%a, miR-32, miR-323-5p, miR-329, miR-
338, miR-370, miR-410, nuR-429, miR-433, miR-49%a-5p, miR-503, miR-506, muR-632, miR-
646, miR-668, miR-877, and/or miR-9 mnserted into the 3° UTR or 3° UTR of one or more viral
genes required for viral replication. In further embodiments, the oncolytic virus 1s 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-125h, nuR-129-5p, muR-130b, miR-133a,
miR-137, nuR-138, nuR-141, miR-145, muR-148a, nuR-152, nuR-153, nuR-155, nuR-199a,
miR-200a, muR-200b, miR-200c, ouR-212, muR-335, miR-34a, miR-34b, miR-34c, nuR-409-3p,
miR-411, nuR-429, nuR-432, nuR-44%, muR-4%94, miR-497, miR-498, muR-5319d, miR-655,
miR-9, miR-98, nuR-101, miR-532-5p, nuR-124a, nuR-192, miR-~193a, and/or nuR-7 inserted
mto the 57 UTR or 3° UTR of one or more viral genes required for viral replication. Tn further
embodiments, the oncolytic virus 15 used for treating ovarian cancer.

[0024] In some embodiments, the tumor-suppressive iR target sequence is a
target sequence for miR-216a-Sp, muR-802, miR-217, muR~145-3p, nuR-143-3p, miR-451a,
miR-375, miR-214-3p, muR-216b-3p, nuR-432-5p, miR-216a-3p, nuR-199b-5p, miR-199a-5p,
miR-136-3p, miR-216b-5p, miR-136-5p, miR-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, muR-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, miR-96,
miR-132, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-71-1, let-7f-2, let-7g,
let-71, miR-126, muR-13%a, muR-143, miR-144, miR-150, miR-16, miR-200a, miR-200b, miR-
200¢, miR-217, miR-218 miR-337, nuR-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, miR-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, niR-34a, nuR-34b, miR-34c, miR-374b, miR-449a, miR-4723-5p, miR-497,
miR-628-5p, miR-642a-Sp, miR-763, and/or miR-940 inserted into the " 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, muR-34a, miR-365b-3p, miR-486-3p, and/or
miR-532-5p mserted nto the " 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.

[6027] In some embodiments, the tumor-suppressive miR target sequence is a
target sequence for miR-143-3p, miR-133b, miR-~-1264, miR-448, niR-1298-5p, nuR-490-5p,
miR-138-2-3p, miR-144-3p, nuR-144-5p, muR-150-5p, miR-129-1-3p, muR-559, mR-1-3-p,
miR-143-5p, miR-223-3p, nuR-3943, miR-338-3p, miR-124-3p, nuR-219a-5p, miR-219a-2-3p,
miR-451a, miR-142-5p, muR-133a-3p, miR-145-5p, and/or nuR-145-3p. In further embodiments,
the oncolytic virus 15 used for treating glioblastoma.

[0028] In some embodiments, the tumor-suppressive iR target sequence is a
target sequence for miR-143-3p, miR-223-3p, miR-6080, miR-208b-3p, muR-206, niR-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, nuiR-208b-3p, muiR-6130, nuR-141-5p, miR-31-3p, miR-1293,
miR-129-2-3p, miR-129-5p, miR-124-3p, miR-219a-5p, 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, muR-205-5p, muR-200c¢-3p, and/or miR-203a-3p. In further embodiments,

the oncolytic virus 1s used for treating a Schwannoma.
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{0036] 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 inhihit 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 1s an oncogenic
gene. In some embodiments, the oncogenic gene is selected from the genes listed in Table 7. In
some embodiments, the microenvironment remodeling miR s selected from the muRs histed in
Table 5. In some embodiments, the TIMP i3 selected from TIMP1, TIMP2, TIMP3 and TIMP4.
In some embodiments, the oligonucleotide of (b) i1s an shRNA or a decoy oligonucleotide. In
some embodiments,

[0031] In some embodiments, the present mvention provides for recombinant
oncolyiic viruses comprising one or more of {a) one or more tumor-suppressive micro-RNA
{miR) target sequences inserted mto a locus of one or more viral genes required for viral
replication; {b) one or more polynucieotides encoding one or more proteins or oligonuclectides,
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 polynuclestide
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, €203, 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, Csxid, Csx10, Csxi6, CsaX, Csx3, Csxi, Csxl5, Csfl, Csf2, Csf3, and Csid. In further

embodiments, the oncolvtic virus further comprises a heterologous polynucleotide encoding an
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tracr-RNA (trRNA) and a crispr-RNA {crRNA), wherein the crRNA s 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 VHH-derived blocker or a VHH-
dertved BiTE.

{0033] In some embodiments, the protein induces an anti-fumor immune
response. In further embodiments, the protein is 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, CXCLI10, CXCL13, endothelin B Receptor, 1L-12, TL-15, TL-2,
TL-2%, IL-35, ISRE7, LFA-1, NGZ (also known as SPEGH4), a SMAD protein, STING, TGFf,
and VCAML

[0034] In some embodiments, the present invention provides for recombinant
oncolytic viruses comprising one or more of {a) one or more tumor-suppressive micro-RNA
{miR} target sequences inserted mto a locus of one or more viral genes required for viral
replication; (b} one or more polynucieotides encoding one or more protemns or oligonucleotides,
wherein the protens or oligonucleotides reduce the expression or hibit the function of a miR, 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
antibody 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 B, 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, 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, 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

12



WO 2017/132552 PCT/US2017/015417

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,
EGFRvIII, 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
polynucleotides 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, ULS5, UL6, UL7, ULS, ULY9, UL11, UL12, UL14, UL15,
ULL7, ULLS, ULIS, UL20, UL22, UL2S5, UL2e, UL26.5, UL27, UL2E, UL2%, UL30, UL31,
UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL4], UL49, ULS2,
UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, camma-34.5, US3, US4, USS, US6, US7, USS,
US9, US10, US11, and US12.

[8037] In some embodiments, the imvention provides for a nucleic acid molecule
encoding an oncolytic virus described herein. In some embodiments, the mvention provides for a
viral stock of an oncolytic virus described heremn. In some embodiments, the invention provides
for a composition comprising an oncolytic virus described herein and a pharmaceutically-
acceptable carmer.

{6038] 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 mnfect and replicate
within said cancerous cell, and wherem 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 nmiR-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 s 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.

[{6039] 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 15 selected from lung cancer,
breast cancer, ovarnan 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, glioblastoma, melanoma, B-cell chronic lymphocytic
leukerma, diffuse large B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL) In
some embodiments, lung cancer 13 small cell lung cancer or non-small cell lung cancer. In some

embodiments, liver cancer 1s hepatocellular carcinoma (HCC).

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 1 illustrates a heat map of an miRNA expression profile in cancerous
and non-cancerous brain tissue corresponding to 25 selected muRNAs.

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

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

{0043] FI(. 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 nuRNA 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 nuRNAs.

[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-cancerous pancreatic tissue corresponding to 25 selected miRNAs.

{0048] FIG. 9 ilustrates a heat map of an miRNA expression profile in
schwannoma and non-schwannoma tissue corresponding to 25 selected miRNAs.

[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 in all tumor types
{CA), moderate expression of miR-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.

[0052] FIG. 13 illustrates downregulation of nuR-145-5p expression i all tumor
types (CA) and high expression of miR-145-5p i the majority of non-cancerous tissue (Norm},

[0053] FIG. 14 illustrates downregulation of muR-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).

[0054] FIG. 13A- FIG. 15C illustrate a muRNA expression and attenuation
reporter gene systermn 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 illustrates miR-122 expression and attenuation using the reporter
system shown in FIG. 15 and described in Example 2.

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

{G087] FIG. 18 illustrates expression of miR-122 miR-184, miR-34a, and Let7a,
ndicated 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, miR-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.

[6073] FIG. 34 shows qPCR-based quantitation of HSV attenuation by muR-125
in non-cancercus (PM Lung) and cancerous {AZ53) lung cells.

[0074] FIG. 35 dllustrates fluorescence-based guantitation 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 miR-19%9a-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.

[8079] FIG. 40 shows a schematic of an ICP27-TmiRNA-attenuated HSV vector

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

[H080] FIG. 41 shows a schematic of a UL19-TmiRNA-attenuated HSV vector
for the treatment of cancer or benign hyper-proliferative disorders.

[0081] FIG. 42 shows a schematic of an UL19-TruRNA and ICP27-TmiRNA-
attenuated HSV vector for the treatment of cancer or benign hyper-proliferative disorders.

{0082] FI(z. 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] FI(:. 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-TniRNA and ICP27-TmiRNA-

attenuated HSV vector for the treatment of pancreatic, lung, and colon cancer.
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{0087] FIG. 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

{B08T] 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 viral spread In some embodiments, the viral 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 invention utilizes
endogenous microRNA (miRNA) to enable a safe and efficacious recombinant vural vector
suttable to treat a broad array of cancers.

[6090] 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 in thewr entirety for any purpose. In
the event that one or more of the mcorporated documents or portions of docoments define a term
that contradicts that term’s definition in the application, the definttion that appears in this
application controls. However, mention of any reference, article, publication, patent, patent
publication, and patent application cited herein 1s 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.

{6691} In the present description, any concentration range, percentage range, ratio
range, or integer range s 10 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).

Cncolytic 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
(nuR) 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
transterring or transporting another nucleic acid molecule. The transferred nucleic acid s
generally linked to, e.g., inserted nto, 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 n its entirety.

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

-

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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miRs that are associated {either positively or negatively} with carcinogenesis, malignant
transformation, or metastasis. In some aspects, the expression level of a particular oncomiR s
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 1s moereased by at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
S0%, 60%, T0%, 80%, 90%, 100%, 150%, 200%. 300%, 400%, S00%, 1000% or more
compared to the expression of the oncogenic miR m a non-cancerous cell or tissue. In some
aspects, a cancerous cell or tissue may express an oncogenic nuR that s not expressed m non-
cancerous control cells or tissues. In some embodiments, the expression of an oncogenic miR 1s
increased in 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
mereased by at least 3% compared to cancercus cells derived from a different cancer type. In
some embodiments, the expression of an oncogenic muR 18 mereased 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 limited 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 particilar oncomiR s
associated with the prevention and/or delay of carcinogenesis and/or metastasis. Such oncomiRs
are referred to herem as “tumor-suppressor muRs” 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 nmiR 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
embodiments, the expression of a tumor-suppressive miR in a normal cell 15 increased by at least
S%, 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 in the body. Examples of tumor-suppressive miRNAs include, but are not
himited 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

[0096] Cancer pathogenesis is a heterogeneous and multigenic process. As such,
activation of particular pathways and the expression of particular genes may lead to cancer
development m one context, and result in distinct or opposing results when activated or
expressed i a different context. Therefore, the characterization of a particular gene or miR as an
“oncogene” or “oncogenic miR” or as a “tumor-suppressor” of “tumor-suppressive nuR” 15 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 tumors. Further, a particular miR may be highly expressed in
both cancerous and non-cancerous celis. For example, miR-155 is highly expressed in normal
cells, playing an essential role in macrophage polanization, 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 s 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 15 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 miR i 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 miRNAs) and numerous cancers. A list of 3,410 oncomiR-cancer
relationships 1s shown in Table 2. nmuiRNAs 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, BelZ, PTEN and p33.
Aberrant expression of miRNAs therefore often is involved in development of cancer and can
therapeutically be corrected by either mmhibiting oncogenic miRNAs or replacing the depleted
tumor suppressor miRNA. Further, the differential expression of particular oncomuRs in
cancerous vs. non-cancerous cells can be exploited as a means to target cancer therapeutics
specifically to cancer cells. As such, m some embodiments, the oncolytic viral vectors described
herein can comprise the following properties mdividually or in combination: insertion of tumor-
suppressive miRNA target sequences into the viral genome, thereby restricting viral vector
replication to cancer or tumor cells; one or more polynucleotides mcorporated mto 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 mnvention 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 mRNA selected from the miRNAs listed 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
into 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 limmuting 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 imto 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 niRNAs. 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 incorporated nto 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 i
transformed or malignant cells. Thus, viral replication can proceed in cells that lack, or have
reduced expression of, the tumor-suppressive miRNAs. In some embodiments, at least one
tumor-suppressive miR target sequence 13 mcorporated 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 mto one viral gene 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 a viral gene required for replication. In particular
embodiments, 2 to 6 copies of a tumor-suppressive miR target sequence are incorporated into the
3 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 5 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 niR target sequence may be mcorporated 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 into 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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miR target sequence are mcorporated into the 37 or 7 UTR of two or more viral genes required
for replication.

{60100} 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 icorporated 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 mcorporated 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, 5, 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 mcorporated into a second gene required
for replication, the multiple target sequences for a third tumor-suppressive muR may be
meorporated 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 8 UTR of a first gene required for
replication, at least 2 to at least 8 copies of second tumor-suppressive miR target sequence
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mcorporated mto the 37 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 mcorporated into the 37 or 5° UTR
of a third gene required for replication.

[00101] In some embodiments, the miR-attenuated oncolyiic 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 replication 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 n 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 in the first
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 inhubited compared to the varal rephication in
the second cell or population of cells.

[80103] In some embodiments, the reduced viral rephication m 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 mmcorporated nto one or more viral genes required for
replication. In some embodiments, expression of a tumor-suppressive miR corresponding to the
mcorporated 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 1s reduced at least 5%, 6%,
7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, S0%, 60%, 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 embodiments, 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 embodiment, and not meant to hnut the present
invention m 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 miRNA — 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 miRNA.  In some embodiments, the miRNA target sequence 1s the reverse
complement of the nuRNA.

{60105] In some embodiments, an oncolvtic virus is a herpes simplex virus (HSV},
and the viral gene required for viral replication UL, 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, UL4D, UL42, UL48,
UL49, ULS2Z, ULS3, UL, ICPO, ICP4, 1ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USs,
US6, US7, USE, US9, US10, USTI, and/or US12. In some embodiments, an oncolytic virus i1s 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 1s an HSV that comprises one or more tumor suppressive niRNA target
sequences {¢.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,
ULLS, ULY7, ULI8, UL1S, UL20, UL22, UL23, UL26, UL26.5, ULZ7, UL28, UL29, UL3(,
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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, US89, 1JS10, USTHE, or UK12) that are required for viral replication {e.g., Fli(Gs. 39-49).

[00106] In some embodiments, a replication-restricted viral vector {e.g., a nuR-
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-155 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-1435 target sequences and 15 used 1o treat
colorectal cancer. In certain embodiments, a replication-restricted viral vector comprises at least
one miR-181a, at least one nuiR-181b, and/or at least one muR-181¢ target sequences and is used
to treat glioblastoma. In some embodiments, a replication-restricted viral vector comprises at
least one muR-1994™, at least one nuR-195, at least one miR-199%a, at least one muR-200a, and/or
at least one miR-1253 target sequences and is used to treat liver cancer {e.g., hepatocellular
carcinomajl.

[60107] In particular embodiments, a replication-restricted viral vector comprises
at least one muR-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 1s used for the treatment
of pancreatic, tung, and/or colon cancer. In such embodiments, the target sequences for miR-
451a, miR-143-3p, muR-359, 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 muR-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 miR-205p target
sequence, at least one miR-141-5p target sequence, at least one miR-31-5p target sequence, and

at least one mMiR-~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, niR-31-5p, and muR-124 are
mcorporated into two or more genes required for viral replication {(e.g., 1CP4 and ICP27).

[{60108] 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, niR-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, muR-1236, muR-124-3p, miR-125b, nuR-
126, muR-1280, nuR-133a, omuR-133b, miR-~-141, nuR-143, miR-144, miR-145, nuR-155, miR-
16, muR-18a, miR-192, muR-195, miR-200a, nuR-200b, muR-200¢, miR-203, nuR-20S, miR-
214, muR-218, miR-23b, ouR-26a, nuR-2%, muR-320¢, muR-34a, muR-370, nuR-409-3p, miR-
429, miR-451, nuR-490-5p, nuR-493, nuR-576-3p, and/or miR-993 inserted nto the 5" UTR or
3> UTR of one or more viral genes required for viral replication. Thus oncolvtic virus may be
used in methods and compositions for treating bladder cancer.

[00109] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for nuR-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, miR-3943, miR-490-3p, muR-383-5p, miR-133b, ouR-129-2-3p, muR-128-2-5p, miR-
133a-3p, muR-~129-5p, muR-1-3p, miR-885-3p, muR-124-5p, miR-759, muR-7158-3p, muR-770-
Sp, miR-135a-5p, miR-885-5p, let-7g-5p, muR-100, muR-101, miR-106a, miR-124, miR-124a,
miR-125a, miR-125a-5p, miR-125b, muR-127-3p, muR-128, nuR-129, miR-136, miR-137, miR-
139-5p, miR-142-3p, miR-143, muR-145, miR-146b-5p, miR-149, muR-152, muR-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, muR-331-3p, miR-340, miR-342, miR-34a, miR-376a, miR-44%9a,
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, muR-181a-2, miR-181b, miR-181b-1, miR-181b-2 miR-181¢c, miR-181d, miR-184, miR-18S,
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-34c-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 mserted 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 treating brain
cancer. In certain embodiments, the brain cancer is astrocytoma, glioblastoma, or glioma.

[{60116] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA 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, miR-559, miR-483-3p, miR-1-3p, miR-6080,
miR-144-3p, miR-10b-3p, miR-6130, miR-6089, miR-203b-5p, miR-4266, niR-4327, miR-
5694, miR-193b, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-T¢, let-74d, let-Te, let-7-1, let-7£-2,
let-7g, tet-71, miR-100, miR-107, miR-10a, miR-10b, nuR-122, muiR-124, miR-1258, miR-~125a-
Sp, miR-125b, miR-126, nuR-127, muR-129, miR-130a, nuR-132, miR-133a, ouR-143, muR-
145, muR-~-146a, niR-146b, miR-147, muR-148a, nuR-149, muR-152, muR-153, ouR-15a, miR-
16, miR-17-Sp, muR-181a, miR-~1826, miR-183, miR-185, miR-191, miR-193a-3p, ouR-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, miR-26b, muR-300, miR-30a, miR-31, miR-335, miR-339-5p,
miR-33b, miR-34a, miR-34b, muR-34c, miR-374a, miR-379, ouR-381, muiR-383, miR-425, miR-
429, miR-450b-3p, miR-494, muR-495, miR-497, miR-502-5p, vuR-517a, muR-574-3p, miR-
638, nuR-7, miR-720, miR-873, nuR-874, miR-92Za, nuR-98, miR-9%, mmu-nmaR-290-3p,
and/or mmu-miR-290-5p inserted into the 537 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
breast cancer.

{00111} In some embodiments, a recombinant oncolytic virus comprises a plurality
of copigs of one or more tumor-suppressive miRNA target sequences for muR-143, muR-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, muR-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, muR-
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-143-5p, niR-1-3p,
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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-19%9a-5p, let-7a-1, fet-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-Te,
let-7£-1, let-7£-2, let-7g, let-71, miR-100, nuR-101, miR-126, muR-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, nuR-34a, miR-34c, miR-365, miR-373, miR-424, miR-429 miR-455, miR-484, miR-502,
miR-503, miR-93, miR-98 miR-186, miR-30a-5p, nuiR-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-
1534, nuR-15a, muR-15h, miR~-16, miR-18a, miR-191, miR-193a-5p, ouR-194, muR-195, miR-
196a, nuR-198, muR-199a-5p, ouR-203, muR-204-5p, miR-206, nuR-212, miR-218, muR-224,
miR-24-3p, ouR-26b, miR-27a, miR-28-3p, miR-28-5p, nuR-2%b, nuR-30a-3p, niR-30b, miR-
328, muR-338-3p, muR-342, muR-345, miR-34a-5p, omiR-361-5p, muR-375, ouR-378, nmiR-378a-
3p, miR-378a-5p, miR-409-3p, muR-427a, miR-4487, nuR-483, miR-497, miR-~498, miR-518a-
3p, miR-551a, muR-5374-5p, ouR-625, miR-638, nuR-7, miR-96-3p, nuR-202-3p, miR-30a,
and/or muR-451 mserted into the 5 UTR or 3 UTR of one or more viral genes required for viral
replication. 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, muR-130a,
miR-130b, miR-134, miR-143, miR-145, miR-152, miR-205, nuR-223, miR-301a, miR-301b,
miR-30c, miR-34a, miR-34c, miR-424, miR-449 miR-543, and/or miR-34b mnserted 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 ireating 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, muR-138,
miR-15a, miR-15b, miR-16, miR-16-1, miR-16-1-3p, nuR-16-2, miR-181a, muR-181h, miR-195,
miR-223, miR-29b, nuR-34b, miR-34¢, miR-424, miR-10a, miR-146a, miR-150, miR-151, miR-
155, nuR-2278, miR-26a, miR-30e, muR-31, miR-326, miR-564, miR-27a, let-7h, nuR-124a,
miR-142-3p, let-7c, 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 replication. This oncolytic virus may be used in methods and compositions for treating
hematologic cancer. In some embodiments, the hematologic cancer 15 leukenma, 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%, muR-19%a-3p, miR-203, niR-205, miR-497, miR-508-3p, miR-309-3p, 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, muR-378, muR-429, miR-509-5p, nuR-646, miR-133b, let-7h, let-7¢, nuR-200c¢,
miR-204, nuR-335, miR-377, and/or miR-506 inserted into the 3 UTR or 37 UTR of one or
more viral genes required for viral rephication. This oncolytic virus may be used in 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-7h, let-T¢, let-7d, let-Te, let-7f, let-71-1, let-7£-2, let-7g, let-71, muR-1, nuR-100, miR-
101, muR-105, muR-122, miR-122a, muR-1236, miR-124, muR-125b, muR-126, miR-127, miR-
1271, miR-128-3p, nuR-129-5p, nuR-130a, muR-130b, muR-133a, nuR-134, miR-137, muR-138,
miR-139, miR-~139-3p, miR-140-5p, muR-141, muR-142-3p, muR-143, miR-144, miR-145, miR-
146a, miR-148a, nuR-148b, miR-150-5p, muR-15b, miR-16, nuR-181a-5p, miR-185, nuR-188-
Sp, miR-193b, miR-195, muR-195-5p, miR-197, miR-198, miR-19%a, miR-19%9a-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, muR-22, miR-223, miR-26a, miR-26b, miR-2%, miR-29b-1, miR-29b-2, miR-2%9¢, 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, muR-424-5p,
miR-433, miR-4458 miR-448, niR-450a, miR-451, miR-485-5p, miR-486-5p, miR-497, miR-
503, muR-506, miR-519d, miR-520a, muR-520b, miR-520¢-3p, miR-582-5p, miR-590-5p, nuR-
610, miR-612, miR-625, miR-637, miR-075, nuR-7, miR-877, miR-940, miR-941, nmuR-98,
miR-99a, miR-132 and/or miR-31 inserted into the 57 UTR or 3 UTR of one or more viral

genes required for viral rephication. This oncolytic virus may be used in methods and
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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 miRNA target sequences for miR-143-3p, miR-126-
3p, miR-126-5p, nuR-1266-3p, miR-6130, miR-6080, muR-511-5p, miR-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, muR-1297, miR-
141, miR-145, miR-16, miR-200a, miR-200b, miR-200c, miR-29b, muR-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-7Te, lot-71-
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, miR-153, nuR-15a, nmiR-15b, muR-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¢, miR-33a, miR-34a, miR-34b, miR-34¢, miR-365, miR-449a, miR-449b,
miR-486-5p, muR-545, muR-610, miR-614, miR-630, nuR-660, miR-7515, muR-9500, miR-98,
miR-99b, muR-133a, let-7a, muR-100, miR-106a, miR-107, ouR-124, miR-125a-3p, muR-125a-
Sp, miR-~126, muR-126%, muR-129, miR-137, muR-140, nuR-143, muR-146b, miR-148a, miR-
148b, miR-149, miR-152, muR-134, puR-155, ouR-17-5p, nuR-181a-1, nuR-181a-2, miR-181b,
miR-181b-1, muR-181b-2, miR-181¢, nuR-181d, muR-184, miR-180, miR-193b, miR-1993,
miR-204, miR-212, ouR-221, muR-224, muR-27a, muR-27b, muR-2%, miR-30a, miR-30b, miR-
30c, miR-30d, miR-30d-5p, miR-30e-5p, miR-32, miR-335, miR-338-3p, miR-340, miR-342-3p,
miR-361-3p, miR-373, miR-375, muR-4500, miR-4782-3p, miR-497, nuR-503, miR-512-3p,
miR-520a-3p, miR-526b, nuR-625%, and/or miR-96 mnserted 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 plurality
of copies of one or more tumor-suppressive miRNA target sequences for let-7b, miR-101, miR-
125b, miR-1280, miR-143, miR-146a, nuR-146b, miR-155, nuR-17, nuR-184, miR-185, miR-
18b, miR-193b, 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, nuR-1250, miR-125b, miR-126, miR-1271, miR-
136, miR-138, nmuR-145, miR-147, miR-148a, nuR-181a, muiR-206, miR-220a, miR-26a, miR-
26b, miR-2%a, miR-32, miR-323-5p, miR-329, nmuR-338, miR-370, miR-410, miR-429, miR-
433, miR-49%-5p, miR-503, miR-506, miR-632, miR-646, miR-668, miR-877, and/or miR-
Sinserted mto the 57 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-129-5p, miR-130b, miR-133a, ouR-137, miR-~138, miR-141, muR-145,
miR-148a, miR-152, miR-153, ouR-155, muR-199a, muR-200a, miR-200b, miR-200¢, muR-212,
miR-335, miR-34a, miR-34b, miR-34¢, nuR-409-3p, muR-411, ouR-429, miR-432, muR-449a,
miR-494, miR-497, miR-498, miR-519d, miR-655, nuR-9, muR-98, miR-101, nuR-532-5p, miR-
124a, muR-192, miR-193a, and/or miR-7 inserted inio 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 ovarian cancer.

[60121] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive miRNA target sequences for miR-2106a-5p, miR-802,
miR-217, miR-145-3p, miR-143-3p, muR-451a, muR-375, muR-214-3p, muR-216b-3p, miR-432-
5p, miR-216a-3p, muR-1995-5p, miR-199a-5p, miR-136-3p, miR-216b-5p, miR-136-5p, nuR-
145-5p, miR-127-3p, miR-19%a-3p, miR-199b-3p, miR-559, miR-129-2-3p, miR-4507, miR-1-
3p, nmiR-148a-3p, miR-101, miR-1181, miR-124, miR-1247, nmiR-133a, nuR-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-71-2, let-7g, let-71, muR-126, muR-135a, miR-143, miR-
144, nuR-150, muR-16, miR-200a, nuR-200b, miR-200¢, miR-217, miR-218 miR-337, miR-

494 and/or 0uiR-98 inserted to 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.

[60122] In some embodiments, a recombinant oncolytic virus comprises a plurality
of copies of one or more tumor-suppressive niRNA target sequences for let-7a-3p, let-7¢c, miR-
100, miR-101, miR-~105, nuR-124, miR-128 miR-1296, miR-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, nmiR-224, miR-23a,
miR-23b, miR-25, miR-26a, miR-26b, nmuR-29%b, miR-302a, miR-30a, miR-30b, miR-30¢-1,
miR-30¢-2, miR-30d, niR-30e, miR-31, muR-330, miR-331-3p, muR-34a, miR-34b, miR-34c¢,
miR-374b, miR-44%a, 0uR-4723-5p, miR-497, miR-628-5p, niR-642a-5p, muR-765, and/or
miR-940 mserted into the 57 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 prostate
cancer.

[060123] In some embodiments, a recombinant oncolytic virus comprises a plurality
of coptes of one or more tumor-suppressive muRNA target sequences for muR-101, muR-183,
miR-204, miR-34a, miR-365b-3p, miR-486-3p, and/or nuR-532-5p mserted mto the 37 UTR or
37 UTR of one or more viral genes required for viral replication. This oncolytic virus may be
used n methods and compositions for treating retinoblastoma.

[00124] In some embodiments, an oncolvtic virus described herem 1s 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, ULML, UL1Z, UL14, UL1S,
UL17, UL1S, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31,
UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL5Z,
ULS3, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, eamma-34.5, US3, US4, USS, US6, US7, USS,
US9, US10, US11, and US12.

[00125] in some cases, the recombinant viral vector of the imvention 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 ICPC, 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 (eg., other than nectin-i,
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 HSVY 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 is
incorporated 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 18 other than gD, although the HSV vector can additionally comprise a mutant gD,
such as containing a higand or other desired mutation. Non-bimiting mutations of gB or gH
glycoprotein for use 1n the inventive HSV vector occur at one or more of the following residues:
gB: D285, gB:AS49, gB:S668, gHINT53, and gH:A778. In some embodiments, the mventive
HSV vector comprises mutations at both gB:D285 and gB:A5S49, at both gH:N753 and gH: A778,
and/or at each of gB:8668, gH:N733, and gt 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 ¢B 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 positton{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 T ] 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, 1t 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 dervative 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 1in gB and gH of any HSV strain.

{00128 In some aspects, the mutation of the entry protein for inclusion m an HSV
vector 1s a substitution mutation, however, mulations 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 gB:D28SN, gB:AS49T, ¢B:S668N, gH:IN753K,
oH:A778V . In certain aspects, an HSVY 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
eB DZ85N/gB:AS49T double mutant, the gHN753K/egH 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: N753K/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:5668, gH:N753, and gH:A778, or wherein
when the vector 1s a homologous HSV, the at least two residues are selected from anuno acids
that correlate to gB:D285, oB:AS49, gB:S668, gHN753, and gH: A778 wherein the gB:D28S
residue correlates to X 1 VYPYXEFVL (SEQ ID NO:1), the gB: AS549 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 VDBTDXTQQQ (SEQ ID NO:4}, and the gH A77
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residue correlates to X i VPSTXLLLF (SEQ ID NO:35); and wherein the HSV vector 1s 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 oligonuclectide {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-remodelng”
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
transcripts {e.g., a short interfering RNA or short hairpin RNA), and/or altering the genomic
DNA sequence encoding the specific nuR, gene, or protein {¢.g., by an endonuclease).

[00131] In particular embodiments, the protein or oligonucleotide reduces the
expression of a miR or a gene involved n carcinogenesis or metastasis (e.g., an oncogenic mik
or an oncogene). In some embodiments, a recombinant oncolytic virus comprises at least one
polynucieotide encoding a protem or an chgonucleotide that reduces the expression or function
of an miRNA that 15 an oncogenic nuRNA (e.g., one or more of the muRNAs 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 polynuclestides 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 oligonuclestides 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, muR-222,
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and/or miR-146 and 18 used io 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 protein 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 metalloproteiases (MMPs) are zinc-dependent proteases that are classified,
based on their activity, nto collagenases, gelatinases, stromelysins and mairilysins. 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 is in the
degradation of the ECM, which facilitates tumor mvasion and metastasis. MMPs are also
mvolved 1o tumor progression, eptthehial to mesenchymal transition (EMT), and angiogenesis.
MMPs are regulated by miRNAs 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 miRNAs or TIMPs that negatively regulate the MMP family with the
recombinant viral vectors of the mvention. Examples of miRNA/MMP interactions are shown in
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; muR-143 regulates MMP-2, MMP-9, and
MWMP-13; muR-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 i1s 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, TIMP2,
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 niR
(e.g., a miRNA listed in Table 4), a microenvironment remodeling miR (e.g., a nuRNA listed in
Table 53, 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 herein 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 1s 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 {RISPR-
associated endomuclease is selected from SpCas®, SpCas9-HF1, Splas9-HF2, Spllas9-HF3,
SpCas9-HF4, Salas9, FnCpf, FnCas9, eSplas9, C2C1, €203, Cpfl, Casl, CasiB, Cas2, Cas3,
Casd, Cas5, Cas6, Cas7, Cas8, Cas? (also known as Csnl and Csx12), CaslO, Csyi, Csy2, Cay3,
Usel, CseZ, Cscl, Csc2, Csals, Csn2, Csm2, Csm3, Csmd, CsmS, Csmd, Cmrl, Cru3, Comrd,
CmrS, Cmr6, Cshi, Csh2, Csb3, Csxl7, Csxl4, 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 oligonucleotides, or may be present in the
same RNA oligonucleotide, referred to as a single guide-RNA (sgRNA). As used heremn, the
term “guide RNA” or “gRNA” refers to either the combination of an individual trRNA 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; (1 et al. (2013) Cell
152:1173-1183; Jinek ef al. (2013), elife 2:e00471; David Segal (2013} elife 2:200563; Ran e
al. (2013} Nature Protocols 8(11):2281-2308; Fetsche et afl. (2015} Cell 163(3).759-771, PCT
Publication Nos. WO 2007/025097, WO 2008/021207, WO 2010/611961, 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, 2611-0300538, 2013-
0288251, and 2012-0277120; and UK. Patent No. 8,546,553, each of which s incorporated
herein by reference in its entirety.

[00136] Multiple class 1 CRISPR-Cas systems, which include the type 1 and type
I systems, have been identified and functionally characterized 1n detail, revealing the complex
architecture and dynamics of the effector complexes (Brouns ef a/, 2008, Marmaffiu and
Sonthemmer, 2008, Hale ef ¢l , 2009, Sinkunas ef af, 2013, Jackson et al., 2014, Mulepati ef o/,
2014}, In addition, several class 2-type If CRISPR-Cas systems that employ homologous RNA-
cuided endonucleases of the (Cas9 family as effectors have also been identified and
experimentally characterized (Barrangou et al, 2007, Garngan ef a/, 2010, Delicheva ef al.,
2011, Sapranauskas er al., 2011, Jinek er of., 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 amino acid protein called
Cpfl (CRISPR from Prevotella and Francisella 1).

[60137] 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
mserted 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
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certain embodiments, an oncolvtic virus is 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, UL39, UL40,
UL42, UL48, UL49, UL52, UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3,
US4, USS, USo, US7, USE, US9, US10, US11, 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).

[60138] In some embodiments, the recombmant oncolytic virus comprises at least
one polynucleotide encoding a protein that 15 a bispecific T-cell engager (BiTE), an anti-
IMmunosuppressive  protein, or an  immunogenic antigen. As used herein an  “anti-
mmmunosuppressive proteint” 15 a protemn that inhibits an immunosuppressive pathway. The
mvention encompasses an oncolytic virus expressing an anti-imyunosuppressive protem that 1s
an anti-regulatory T-cell {(Treg} protemn 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 herein, an “immunogenic antigen” refers to a protein that
mcreases an inflammatory or immunogenic immune response. In particular embodiments, the
anti-immunosuppressive and immunogenic antigens induce an anii-tumor ImMMune response.
Examples of such proteins include antibody or antigen binding fragments thereof that bind to and
mhibit mmmune checkpoint receptors (e.g. CTLA4, LAG3, PD1, PDLI, and others}, pro-
mflammatory cytokines {e.g., IFNy, IFNg, IFNB, TNFg, 1L-12, IL-2, I1-6, IL.-8, GM-CSF, and
others}), or proteins that binding to and activate an activating receptor {e.g., FcyRI, Feylla,
Fevllla, costimulatory receptors, and others). In particular embodiments, the protein is selected
from EpCAM, folate, IFN, anti-CTLA-4, anti-PD1, AZA, 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 certam 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 oncolvtic virus. In some embodiments, the
polynucleotide 1s an insulated sequence comprising a synthetic msulator or a native viral (e.g,
HSV) insulator. In certain embodiments, the oncolvtic virus is a herpes simplex virus and the at
least one polynucleotide encoding an RNA binding site is nserted into or between one or more
loct including the mternal 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,
ULS, UL1L, UL12, ULl4, ULIs, UL17, UL1S, ULl UL20, UL22, UL25, UL26, UL26.35,
UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39,
UL40, UL42, UL4E, UL49, UL32, ULS3, ULS4, ICPO, ICP4, ICP22, ICP27, ICP47, gamma-~
34.5, US3, US4, USS, USe, US7, USK, USY, US10, USHL, and US12. In one embodiment, the
virus 15 a herpes sumplex 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. 406).

[60140] 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 nstances, tumor microenvironments possess an
array of proteases that are well differentiated from surrounding healthy tissues. For example, the
protease cathepsin B 1s overexpressed in numerous cancers, including breast, cervix, colon,
colorectal, gastric, head and neck, liver, lung, melanoma, ovarian, pancreatic, prostate, and
thyrotd cancer. The human degradome, comprised of a complete list of proteases synthesized by
human celis, i1s 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 pericellular areas of the cell Table 6 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 imcorporated into the
glycoprotein envelope of a recombinant viral vector of the invention {e.g., an HSV vector) to
mcrease the therapeutic index and reduce off-target infection. In the case of an HSVY vector, in
some embodiments, the glvcoprotein may be gC or ¢ib. 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 (hK), 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, MMP-28, or a protease listed in Table 6.

[00142] In some embodiments, the protease-activated antibody bmds a protemn
expressed more highly by cancer cells or m cancer mucroenvironments than by non-cancer cells
of in non-cancer microenvironments. In certain aspects, a protease-activated antibody binds
NKG2D, c-met, HGFR, CD8, heparan sulfate, VAPG4 (also known as NG2), EGFR, EGFRvII],
CD133, CXCR4, carcinoembryonic antigen (CEA), CLC-3, annexin I, 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, atleast 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
immunoglobulin, an scFv, a Fab, a Fab', an F(ab")2, an Fv, a diabedy, a triabody, a minthody, 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 (nmiR) 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 inserted mto a locus of a viral gene required for viral
replication 1 non-cancerous cells; and/or a first polynucleotide encoding a protemn or an
oligonucleotide targeted to reduce expression of an oncogenic muRNA or an oncogenic gene;
and/or a second polynucleotide encoding a protemn or an oligonucleotide targeted to reduce
expression of a microenvironment remodeling nuRNA 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 inseried 1nto 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 i this paragraph 1s 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, UL2S, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35,
UL36, UL37, UL38, UL39, UL40, UL42Z, UL4E, UL49, ULSZ, ULS3, UL54, ICPO, ICP4,
ICP22, ICP27, ICP47, gamma-34.5, US3, US4, USS, US6, US7, USE, USY, US10, US11, and
Usiz.

[00144] In certain aspects, the mvention relates to a recombinant oncolytic virus
comprising a first polvnucleotide 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 embodiments, a recombivant oncolytic virus comprises a
polynucieotide encoding a protemn 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
oncolviic virus comprises a first polynucleotide encoding a protein or an oligonuclectide targeted
to reduce expression of an oncogemic 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.

[{80145] In certain embodiments, an oncolytic virus described herem 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 theuwr
construction are described in, for example, US. Pat Nos. 7,078,029, 6,261,552, 5,998,174,
5,879,934, 5849 572, 5849 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 99/066583, 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

{80147] Certain aspects of the invention relate to stocks and compositions
comprising the oncolytic viruses described hergin. In some aspects, the invention relates to a
viral stock comprising an oncolytic virus described herein. In some embodimenis, a viral stock
15 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 sbout 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 sinmular 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 dehivered to a
subject and/or a cell. Typically, formulations include all physiclogically 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 mterchangeably herein) 18 a composition of
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one or more agents capable of 18 capable of being admuinistered or delivered to a patient and/or
subject and/or cell for the treatment of a particular disease or disorder.

[{60156] The compositions disclosed herein may be formulated in a neutral or salt
form.  “Pharmaceutically acceptable salt” includes both acid and base addition salis.
Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with norganic 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 acd, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid,
ethanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid, galactaric acid,
gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid, glutamic acid, glutaric aaid, 2-
oxo-glutaric acid, glveerophosphoric acid, glveolic acid, hippuric acid, 1sobutyric acid, lactic
acid, lactobionic acid, lauric acid, maleic acid, malic acd, malomce acid, mandelic acid,
methanesulfonic acid, mucic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid,
1-hydroxy-2-naphthoic acid, nicotinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid,
pamoic acid, propionic acid, pyroglutamic acid, pyruvic acid, salicylic acid, 4-aminosalicylic
actd, sebacic acid, stearic acid, succinic acid, tartaric acid, thiocyanic acid, ptoluenesulfonic acid,
trifluorcacetic acid, undecvienic 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,
ammontum, calcium, magnesium, 11on, 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 ammoma, 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 isopropvlamine, diethylamine, ethanolamine, trimethylamine,
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dicyclohexylamine, choline and caffeine. Upon formulation, solutions will be administered i 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 insofar 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.

[60152] As used herein “pharmaceutically acceptable carrier” includes without
bimitation any adjuvant, carner, excipient, ghdant, sweetening agent, diluent, preservative,
dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent, suspending agent,
stabilizer, 1sotomic agent, solvent, surfactant, dispersion media, coatings, antibacterial and
antifungal agents, sotonic 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 Admunistration as being acceptable for
use in humans and/or domestic ammals. FExemplary pharmaceutically acceptable carriers
include, but are not hmited 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, paraffins, silicones, bentonites, silicic acid, zinc oxide; oils,
such as peanut oil, cottonseed oil, safflower oil, sesame o1l, olive ¢il, corn o1l and soybean o1l;
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
employved 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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compositions is contemplated. Supplementary active mngredients also can be incorporated into
the compositions.

[60153] 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
COMPOSIIonS.

[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, propy! 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 is suitable for
parenteral admunistration, e.g, intravascular (intravenous or intraarterial), intraperitoneal or
miramuscular admunistration.  Pharmaceutically acceptable carmners include sterile aqueous
solutions or dispersions and sterile powders for the extemporanecus preparation of sterie
mjectable 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
meompatible with a viral vector or nucleic acid molecule, use thereof 1n the pharmaceutical
compositions of the imvention 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 10 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
mvention 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

mntended 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 administered 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 1n a variety of dosage forms such as ingestible solutions,
drug release capsules and the like. Some variation in dosage can occur depending on the
condition of the subject being treated. The person responsible for admimustration can, i any
event, determine the appropriate dose for the individual subject. Moreover, for human
admunmistration, 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,
miranasal, subcutaneous, percutaneous, intratracheal, mtraperitoneal, mtratumoral, perfusion,
lavage, direct mjection, and oral admunistration.

[80158] In certain circumstances it will be desirable to deliver the compositions,
recombinant viral vectors, and nucleic acid molecules disclosed herein  parenterally,
mtravenously, mtramuscularly, or even wintraperttoneally as described, for example, m US.
Patent No. 5,543,158, U.S. Patent No. 5,641,515 and US. Patent No. 5399363 (each
spectfically mcorporated herein by reference in 1ts 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.

[60159] The pharmaceutical forms suitable for injectable use include sterile
aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of
stertfe 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., glycersl, 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 m 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 chlonide. 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 imjectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or suspension in, hiquid prior to injection can
also be prepared. The preparation can also be emulsified.

[60168] For parenteral administration in an aqueous solution, for example, the
sofution should be suitably buffered if necessary and the liquid dituent first rendered isotonic
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for
miravenous, mtramuscular, subcutaneous and intraperitoneal admmistration. In this connection,
a sterile agqueous medium that can be employed will be known to those of skill in the art in light
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
mfusion {(see, e.g., Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore,
MD: Lippincott Wilhams & 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 appropnate 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
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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 compositions 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 sprays 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 resing (Takenaga er ¢/, 1998) and lysophosphatidyl-glycerol compounds (U8, Pat.
No. 5,725,871, specifically incorporated herein by reference in its entirety) are also well-known
in the pharmaceutical arts.  Likewise, transmucosal drug delivery i the form of a
polytetrafluoroetheylene support matrix 18 described in U8, Pat. No. 5,780,045 {specifically
meorporated herein by reference in its entirety).

[00163] In certain embodiments, the delivery may occur by use of liposomes,
nanocapsules, nucroparticles, nucrospheres, hipid particles, vesicles, optionally mixing with CPP
polypeptides, and the like, for the mtroduction of the compositions of the present mmvention into
suitable host cells. In particular, the compositions of the present mvention 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 mvention
may comprise one or more polypeptides, polynucleotides, and small molecules, as described
herein, formulated in pharmaceutically-acceptable or physislogically-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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[60164] In a particular embodiment, a formulation or composition according to the
present invention comprises a cell contacted with a combiation of any number of
polvnuclestides 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.

[60167] Particular embodiments of the invention may comprise other formulations,
such as those that are well known 1n the pharmaceutical art, and are described, for example, n
Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore, MIJ: Lippincott
Williams & Witkins, 2000,

[00168] In certain aspects, the present mvention provides pharmaceutically
acceptable compositions 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, pharmacentically
acceptable cell colture medium). As used heremn, 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 1s 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 gl 20 : b 115
number of viral genomes {e.g. at least Ie to at least le™, particularly about le” to about fe”,

53



WO 2017/132552 PCT/US2017/015417

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 heremn or
compositions thereof under conditions sufficient for the oncolytic virus to nfect 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 this method is in vivo. 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 in need
thereof, comprising administering 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 heremn, includes any animal 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) mnclude laboratory animals (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.

{80171 “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, ora
composition thereof with a cell and/or tissue. Administration can occur by injection, trrigation,
inhalation, consumption, electro-osmosts, hemodialysis, iontophorests, and other methods known
in the art. The route of admimstration 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,
mira-arterial, intra-abdominal, intraauricular, intrabiliary, intrabronchial,  intrabursal,
mtracavernous, intracerebral, intracisternal, intracorneal, intracronal, intracoronary, intracranial,
miradermal, intradiscal, intraductal, intraduodenal, intraduodenal, intradural, intraepicardial,

intraepidermal, intraesophageal, intragastric, intragingival, intrahepatic, intraileal, intralesional,
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miralingual, intralominal, intralymphatic, intramammary, intramedulleray, intrameningeal,
mstramuscular, intranasal, intranodal, intraccular, intraomentum, intragvanan, mtraperitoneal,
mtrapericardial, intrapleural, intraprostatic, intrapulmonary, intraruminal, intrasinal, 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,
periodontal, 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 administration,

[60172] The term "treating” and "treatment” as used herein refers to administering
to a subject a therapeutically effective amount of a recombinant virus or composition thereof as
described herein so that the subject has an improvement in a disease or condition, or a symptom
of the disease or condition. The improvement 1s any improvement or remediation of the disease
or condition, or symptom of the disease or condition. The wumprovement 1s an observable or
measurable improverment, or may be an improvement in the general feeling of well-being of the
subject. Thus, one of skill in the art realizes that a treatment may improve 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 lesseming 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 n
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.
epithelial 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
eastrointestinal 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,
embryvonal carcinoma, Wilms' tumor, testicular tumor, lung carcinoma, bladder carcinoma,
epithelial carcinoma, ghioma, astrocytoma, medulloblastoma, cramopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma, leukemia, 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., smali
cell lung cancer or non-small cell lung cancer), breast cancer, ovanan 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, glioblastoma, 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 i 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 immvention. 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 nmuR expression is a hallmark of many cancers (Lu et al,
Nature, 2005). Experniments were performed to determine the miRs that were mostly highly
differentially expressed in eight different cancer cells lines. Differential expression was
determined by compansons to non-cancerous control fissues. In fotal, 108 samples were

sequenced. Sample details are provided m the following table.

Cancer Type # of Cancer Cell Lines # of Conirol Tissue Samples
Bladder 8 4
Colon 8 3
Breast 12 4
Pancreatic 7 3
Lung 8 3
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 Schwannoma and glioblastoma 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, ghioblastoma, 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 is 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 muRNAs. 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-539 15 down-regulated in
all tumor types tested, present generally at fow levels 1 non-cancerous tissue, and present at high
fevels 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-cancercus tissue
types tested. FIG. 14 shows that ouR-143-3p 13 down-regulated 1n colon, lung, and pancreatic
tumors, and 1s present at high levels in all normal tissue types and some breast tumor lines.
miRNA data analysis revealed at least eleven muRNAs that represent novel and unexpected
miRNA expression profiles. not previously identified in the literature.

{60186] 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 nuRNA. 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



WO 2017/132552 PCT/US2017/015417

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, miR-145-
3p, and miR143-3p 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-attenuvated
oncolvtic virus capable of targeting a broad array of tumor types. For example, a construct
comprising target sequences for nuR-124, miR-451a, miR-559, miR-1, and mR-145-3p may be
used 1n the treatment of all the tumor types tested {(e.g., bladder, colon, breast, pancreatic, lung,
head and neck, Schwannoma, and glioblastoma}. The variability i 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 reporier svstem {0 rapidiy assay miRNA-based gene
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 1 FIG.
15), the target sequence recognized by miRNAs (1.e. hsa-miR-~122) was mserted into the 3° 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 (pTFOG02). 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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mnto the 3 'UTR of the dsGFP gene of pTFO004 using standard molecular bislogy techniques. On
day one, HEKZ293TetR cells were transfected with the miRNA 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 (Invitrogen) 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 chaonel} exposure 10ms, and mCherry (713nm channel) 200-
1500ms.

[00184] FIG. 16 exemplifies nuR-122 mediated attenuation of GFP expression
upon induction of MiR-~122 expression via tet at 24 hours. The conirol constructs nuR-184, miR-
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 in cassette combinations of muR-122/Let7a,
miR-122/Let7a/miR-34a, or miR-122/Let7a/muR-184. Decreased GFP 1s only observed when the
appropriate miR 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,

{00185] FiG. 19 shows muR-122, muR-124, muiR-145 miR-199, and miR-45}
expression and GFP attenuation using each target sequence mdividually {circled wells). FIG. 20
serves as a non-attenuated conirol for the above example and shows muR-122, miR-124, miR-
145, nuR-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 muR-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 miR-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 niR-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 nuR-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
transtection 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 muR target sequence.

Fxample 3- Generation of miBNA~attenuated HSY

[60187] Following reporter gene-based validation of nuRNA target sequences and
cognate miRNA pairs, HSV-based viruses were generated containing miRNA attenuation
cassettes. A series of modifications were made in KOS-37 BAC, a full-length genomic clone of
the KOS stram of HSV-1 on a bacternal artificial chromosome (BAC) as described (Mazzacurat
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 incorporation of transgenes that
enhance the oncolytic activity of the wvirus, and mcreases tumor specificity by reducing
expression of the neurovirulence factor ICP34.5; elumination of ICP47 expression benefits
mmmune 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 2ASB-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 o
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 HSY

[60188] To assay for viral mfectivity and replication in normal and cancerous cells,
miRNA-attenuated HSV particles were tested in the following in vitro assay. On day one, for
each cell type infected, 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 images were
acquired with an exposure of 5-6 ms, GFP (541 mmo channel} exposure 1 Oms, and mCherry (713
nm channel} 200-1500 ms was used to evaluated any potential nonspecific astofhuorescence
signal.

[60189] ONCR-011 replication was significantly attenuated n post-mitotic lung
tissue due to the presence of the miR-125 cassette i 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 I{P4 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-1253 and miR-124 (<100 counts). ONCR-013 replication was
significantly attenuvated m 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 1s
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 nto 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 miRINA target sequences, as shown in FIGs. 45-46. In a specific example, an
HSV-based stock containing miR-124, nmiR-45la, muR-143-3p, and 0uR-559 attenuation
cassettes mcorporated into ICP4 and TCP27 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 mn 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 in wvivo
administration to a patient suffering from pancreatic cancer, lung cancer, or colon cancer, HSV
particles are prepared in 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
1s 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 sufferings from brain cancer, bladder cancer. breast

cancer. or head and neck cancer

[80191] 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
m 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 1s generated containing miR-124-3p,
miR-205-5p, nuR-141-Sp, and miR-31-3p attenuation cassettes according to the methods
described 10 Example 3. The miRNA target sequence cassettes were recombined into the 3' UTR
of the ICP4 (nuR-124} and ICP27 (muR-205-5p, muR-141-5p, miR-31-5p) genes as shown in
FIG. 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 purified, buffer exchanged, and titered on Vero cells. For
in vivo administration to a patient suffering from schwannoma, HSV 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 s 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 mvention. It 1s 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 sncomiRs (9 tumor suppressors and 3 sneogenic nmiRNAS) versus cancers.

iog caacer

Iyrophomma

cance:r

sanis s cell
carcinoma

asute royeloiud (ic] colorectal aoute myeloid adrenalc
Iymphohblastic lenkenia Iymphoblastic Caesinomma leukernia cArSInoma Isukeroia
leukeinia k
acude mysloid servical breast cancer breast cancer bladide: cancer Georchinloalveolar | ceevical carcinsma araplastic follicular b-cell lyaxphoroa b-ceil lyropherna aaaplastic
Ieukemia caicinoma carcinoni astrocyfoma Iymphoina large-cell
Iymphoma
acute chronic cervical cervical breast cancer colon cancer cholangiocarcinoma trocytoma bladder cancer breast cancer bladder cancer
promyelo: tymphocytic carcinema squamons cetl
Isokemiz lpakaig CATINII0G.
breast cancer celorectal chronic colorectal cervical car esophagesi colon cancer bladder cancer hepatoceilular breast cancer cervical cancer breast cancer
caacer Iymphocytic Canee squamous csll sacscinemg
15 Keinia. Caicl]
bronchiolpalveslar | esopbageal clapoic gastric cancer cholzogiosarcinp ma oplorectal cancer breast concer OStEOSAISOINA breast carcinoroa cervival cawioomz carvical concer
caicinoma cancer myelogenons
lenkemis
chondrosarcoima lnng cancer colorectal head and neck chordoa. glioma endoimetiial cancer cervical cancer cervical cancer cholangiocarcinomng | Chronic
cancer squamons cetl Iymp!
CArsiNors
colon cancer neuroblastorns esophageal hepatoceiluiar choriocarcinoma heparocellular cevic cholangiocarcinoma | clear cell reral cell chienic
squameus cell carcinoma carcinorod sqoamreas cell SATCET royelpgenous
Ao cacinena Isuk
colmastal caocar oom-soatl oell gliora roants call clear cell yeoal el hang cancer esophageat coloractzl cancer solorectal cancer coltro canser clear cali renal

cell cancer

esophageal ostensarcona head and oeck nieserchymal colon cancer maligraat gostie cancer epithelial coioractal eolotesial cance: colua cancer
squamnous cell squamnous cell cancer melanoma ovaiian cancer carcinoma
carcinema
gastric cancer pancreatic hepatoceilular monocyth colorectal cancer nasopharyngeal glioblastormna esophageal E
cancer carcinoma lenkemia carcinoma cancer carcinoma Cancer
glioblastoma pancrestic latyngeal nenroblastoina sl cancer neur hepatoceliular diffuse large B-cell
el carcineua causinoma Lymghoma carciomma
adenocarcinomng

glhioima mnstate carcer | hog non-smalt cell asophageal OVRUAD 2anser acyngeal sqpamons | gioblastors glioma eodpmetrial crocey curaneoms i-cell

adenccarcinoma | lhung cancer squamons cell cell carcinoma lymphoma

carcinoma
head and neck squamous Iung cancer oral drabispatic pancreatic ductal liver cancer glioma hepatocelluiar hageal cancer diffiyse large B-
squamnous cell caicinoma inoma | adenocarcinoma carcinoma yiphoma
s nomA
bepatocellnlar nenioblastoma inng cancer hepatoceliular g cancer esophageal endometrial
carcinpma carcinena sqnamwoms sell carset
carcinoing

hang cancer non-simal cell glishlastorra oaligrant mantle cell roalignard FASTS careat galbladder

Lung canser melanma ympboma nelanoma CEGINI0G
matignant OStEOSAISOINA gliomra msopharyngeat recnloblastor mardle cell glickliastoma gastris careet
melanoma cacinen Ivaiphioraa
nasopbaryingaal pancretc head and vack oon-soall cell fung nasopharyngedl weduiloblastoma head and reck gliomwa
cacsinemma dactal sgoamons cell sancer cacinena CAIGEC

agenccarcinoma carcinoma

66



WO 2017/132552

PCT/US2017/015417

reuroblastoma

papillary thyroid
cauinoma

hepatoceiluiar
crwsioomz

ostensarcoma

neuroblastorns

nasopharyngeal
cancer

head and neck
siuamnots cail
CACLOOMA

hepatocellnlar
CArsinor

mail cal

By

von-s
bir

prostafe cancer

lang cavcet

ovarian carcinoma

oom-sonatl oell
og caacer

non-small cell long
cancer

atocelniac
1I0A

il

Jiver cancer

oeal caocer renal celt mali goant pancreatic sancer ol spanees OstEnsarnon hypopharyngeal lang
cacsinemma nietzooma cell carcinoroa sqhamous call adenocarciooma
CAICINOME
osteosarcomi. SQUAMOUS remroblastoma papiliacy thyio D5LROSAOS0IH panceatic cancer kidney cancer hug cancer
CAIC]; ANOING.

OVaLIAN Cancer

non-siall cell hiog

cancer

prostate cancer

ovaian cancer

pithitary carcinoira

roalignant
melanorma

pancreatic ductal
adenocarcinonig

oral cancer

etirablastomra

‘pansreatic

t-cell lyzophoblastic

iymphioma

malt lymphomz

papillacy thyioid
carcinoma

esteosarcoroa

prostats carcer

roantle call
lymphoma

prostate cancer

ovariga cancer

Lony carcer

renal oell
carcinomg

parcreats saocer

niligoant
nielal

na-sioali cell
lung cancer

eoral clear cell pancreatic ductal oudtiple mysisoa oral sgoamons
caicinoma adenocarcinoma celi carcinoma
papillary thyroid nasoplanyageal ovarian canser

carcinoma

CATCInOMmA

prostais caacer

npa-sinall cell g
cancer

papiilary
thyroid

rectal cancer

oral cancer

renal el carcinoma

ol squraraons cell
carcinoma

rectal caacer

refincbiastoma

0stEosArcnIng

renal clear el
CAroMInNIng.

SQUALIONS
CAICLIOMa.

ovarian cancer

sqRAMOLS
CAICIno!

uveal oelanorng

pancaat

cTeatic cancer

pancreatic ductal
adenocacinomwa

papillary thyroid
CAISINOA

Prosk:

fe cancer

rectal cance

renal cell carcinora

retinoblastoma

SGRATTOUS
CAITINOMmG

&7




WO 2017/132552 PCT/US2017/015417

Table 2. List of examples of oncomiR-cancer relationships.
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pancrealic cancer

miR-17-3p Inhibitor Exhances
Che ()

s Upregulating
xpression in fancteatic
Cancer Cells.

pavereatic cances

MictoRNA 6iiR-17-5p is
overexpressed i pancreatic
cancer, associated with a poor
progrosis, and involved in
cancer cell proliferation and
IVASIOT.

pancieatic cancer

up

MicicRNA-10a is overexprassed

parially via suppression of the
HOXAT gene.

-
17-5p

pituitaty carcins s

MicioRNA involvement in a
metastatic nov-functioning
pituitary carcinoma.

1ir-
igla

acuie myeloid
leukemia

down

MicioRNA 181a Influences the
on of BMGE I and CD4

cute Lenkemias.

i1}

-
8la

nyelo-
fenkewia

PMEL/BARY -regulated nuR-
38%a/b chiste ts the funor
supprasser RASSF1A io Acute
Promyelocytic Leuketda.

3]
-
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- broast cai down | Decreased senumn mil-181ais s

8la potential tew tool for breast
CANCET SCresning.

mir- breast cancer up Transtorwing growth factor-?

i31a mgulates the sphere-inttiatiog
stem cell-like feainre in breast
cancer thiough miPNA-181 and
ATM.

1ir- cervical cancer up MicroRNA-181a enhances the

igla chemoresistanoe of human
cervical squamous cell
carcinoma to cispistin by
jargeting PRECD.

- chiosic down | Aberant microRNA expiession
181a Iyoiphocytic in Chiu s with chronic
leukemia tymphocytic leukemia.

wir- Chionic dowo | miR-181a/b signif

181a Iymphooytic enhances drug sensitivity in

leukemia chronic bymphocytic leuketnia

cells via targeting multiple anti-
apepiosis geves.

foir- 2olon cancer up miR-181a mediates oetabolic

181a shift in colon cancer cells via th
PTEN/AKTT pathway

fmix- colorectal cancer up MicroRMNA-{81a promotes

i81a tmor growth and liver
metastasis in colorectal cancer
by targeting the tumor
suppressor WIP-.

ix- gastric cancer up MicroRNA-181a promaote

181a gastric cancer by negativs
regulating fuimor Suppressor
KLF6.

1ir- gastric cancer up Genetic polymoiphism at miR-

igla 1814 binding site contributes to
gastric cancer susceptibility.

wir- gasttic cancer dowo | MictoRNA-181a (chibits Twmor

181a

Proliferation, Tnvasivenass, and
Metastasis and Is
Downragolated in Gastric
Cancer.
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- glioma down | unr-181a and mis-181b finction
8la as HUOT SUPPIessors in husnan
alioma cells.
ix- glioma up MiR-131a regolates bload-tumor
igla bamier permeability by targeting
Topel-like factor 6.
- o-cellilar up Up-regntated MicroRNA-181a
8la CACINGING induces carcinoge;
Flepatitis & vi
hepatocelllar carcincrma by
targeting E2FS.
ix- hepato-cellular up Palycyclic aromatic
181a carcino g hydiocatbon (PAH)-mediated
upregulation of hepatic
i NA-18) family promote
woet cell wigation by
rargeting MAPK phasphatase-3,
regulating the activation of p38
MAPK.
ix- oral squamans call down | muiP-181ashows tumar
181a carcino g soppressive effect against oral
5 cell cax
by downreguiating K.-tas.
foir- 0slen-sarcoma up MicroRNA signaturas associate
181a with patbogenesis and
progression of osteosarcoma.
wir- osteo-sarcoma up MictoRNA aimproves
181a pmliferation and invasion,
soppresses apoptosis of
wa celh.
1ir- pancieatic cancer up LPS Induced miR-181a
igla Promotes Pancreatic Cances Cell

Migeation via Targeting PTEMN

and MAP2K4
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- glioma dowin.
8la-
1
mir- up Identification of mictoRNA-381
i8la- by gencime-wide scregning as a
1 critical player in FpCAM-
positive hepatic cancer stem
celis.
1ir- non-small cell long down | MictcRNA-181 fumctionsas a
181a- { cancer fUIOL SUPPIessor i non-siiall
1
foir- papiltary thyroid up
181a- { carcinoma
1
sopathological Featores
in Chinsse Patients.
mii- prostate cavcer up mictoRNA-I8Y proviotes
i81a- prostate cancer cell protiferstion
1 by regutating DAX-1
SXPIESSIon.
ix- glioma down | MicrcRNA-181 inhibits ghioma
181a- celi?proliferation by targating
2 cyclin Bl
- up {dentfication of tucroENA-181
18la- | carcinoms by genome-wide screening 4s &
2 critical player in EpCAM-
positive hepatic cancet sterm
celis.
non-small cell tung down | MicrcRNA-1R1 functions as 2
Lancer fUIOL SUPPIessor i non-siiall
cell bung cancer (INSCLC) by
¢ Bel-2.
wir- papiilary thyroid up Exprassion of miRMNAs in
181a- { carcinoma Papillary Thyreid Caminonas [s
2 Associated with BRAF Mutation
and Chlinicopathotogical Features
in Chine: ds.
prostale cancer up microRNA-I81 promiotes
prostate cancer cebd profiferation
by reguiating DA
EXPIession.
fmix- gastric cancer up MicroRNA profiling of huinan
i81a- gastric cancer.
2*
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foir- gastric cancer up -5p Expression and

181a- u Cell Proliferstio

Sp c Cancat

fmix- down | miR-{8fa-5p is downseg)

181a- tocetiular

Sp suppresses motility, wvasico
and branching-maorphogenssis
by directly largeting c-Maet.

mir- P up PVIL/RAR? -regidated miR-

131b ie 181aM cluster targets the tumor
suppressor RASSFIA in Acute
Promyelocytic Leukemia.

ix- breast cancer up Transforming growth factor-?

ig1b regulates the sphere-initiating
stem celi-like featuse in bieast
cancer through miRMA-181 and
ATM

mir- cervical cavoer up miR-181b prowmotes call

181b preliferation and reduces
apoptosis by epiassing the
expression of adenylyl cyclase 9
(ACY) in cervical cancer cells.

ir- chronic down | Aberant mictmPNA expression

ig1b ty mphocytic in Chinese patients with chrogic

{enkemia lymphoc; feukemia.
foir- chonic down | miR-131a/b significantly
181b {y oy enkiances drig sensitivity in
lenkemia chrovic lyvipbocytic lewkemta

cells via targetivg imdtiple anti-
apopiosis geues.

fmix- gastric adeno- down icroRNA-181b targets ¢

I81h | carcinoma
pwtein 1 in gastric
adenocarcinomas.

wir- gasttic cancer dowo | miRNA-223 piomotes gasiic

181b cancer invasion and metastasis
by targeting (Beoct Seppressor
EPB41L3.

1ir- glioma down | mir-181a and mir-181b function

18lb as Mor supPIessors in hunan
gliomna cells.

wir- glioma dowo | MiRNA-181b suppresses 1GF-

181k

1R and functions as a tumor
suppressor gene in gliomas.

76
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fmix- glioma down | MiR-181b suppresses

181h prelerstios of and wduces
chemoresistance ic
teroczolontide in 187 glioma
stem cells.

ix- hepato-cellular up Palycyclic aromatic

181b carcino g hydiocatbon (PAH)-mediated
upregulation of hepatic
microRNA-181 fanuly promotes
cancet cell wigumtion by
rargeting MAPK phasphatase-3,
regulating the activation of p38
MAPK.

ix- non-small cell tung down | Down-regulation of microRMA-

131b Cancer 181b is a potential prognostic
matker of non-small coll ng
cancer.

i sral sqoamons cetl up Relationship between

18lb CAFCINGING on kevels and
histopathological features of
dysplasia in oral leukcplakia

fmix- osten-sarcoimna up MicroRMNA signatisres associate

181h with patbogenesis and
progression of osteosarcoma.

ix- cvarian cancer up MicroRNA-181b promeies

131b ovarian cancer cebl gmwth and
invasion by targeting LATS2.

1ir- prostate cancer up MicroRNA-181b expression

18ib piostate cancer tissues 4
influence on the biological
behavior of the prostate cancer
cell line PC-3.

up Hypoxia-taduced miR-181b

enhances angicgenesis of
retineblastoma celis by targeting
PDCDL0 aud GATAS.

roir- glioma dawa | MicroRNA-181 inhibits glicma

181b- cell?7proliferation by targeiing

1 cyclin B i

1ir- hepato-celhudar up Identification of micro

CANCLNG LA

by genome-wide screening as a
critical player in EpCAM-
positive bepatic cancet stem
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fmix- nop-smatl cell lung down | MicroRNA-181 functions as

I18Ih- { cancer HIMOT SUPPTEssor tn non-smatl

1 cell lung cancer INSC
targeting Bol-2.

foir- papiltary thyroid up Exprassion of miRNAs in

181b- { carcinoman Papiliary Thyoid Carcinomas Is

1 Associated with BRAF Mutation
and Clivicopathological Featura
in Chinsse Patients.

mig- up RNA-181 prowmotes

181h- ystate cancer cell proliferation

1 by regutating DAX-1
2XDIessicn.

wir- glioma dowo | MictoRNA-18] inkibits giiomna

181b- cell?pmliferation by targeting

2 cyolin Bl

ix- hepato-cellular up Identification of mictcRNA-181

181b- { carcinoma by gename-wide scresning as a

2 oritical player in BEpCAM-
positive bepatic cancer stem
celis.

fmix- nop-smatl cell lung down | MicroRNA-181 functions as

I18Ih- { cancer HIMOT SUPPTEssor tn non-smatl

2 cell lung cancer INSCLC) by
targeting 2

roir- papillary thyroid up rassion of miRMAs in

181b- { carcinoman apiliary Thywoid Carcinomas Is

2 Associated with BRAF Mutation
and Chinicopathological Featuse
in Chingse Patients.

fmix- prostate cancer up RNA-181 prowmotes

181b- prostate cancer cell proliferation

2 by regwlating DAX-1
2XPressicn.

oir- astrocyioma down | MiR-181b-5p downieguiates

181b- MNOVAL 1o sopprass

Sp ration, soi;

yiowa
foir- gastric cancer up Upregulation of MicroRINA
181¢ i%ic Expression in Gastric

Cancer Tissues and Plasina.
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fmix- glioma down | MicroRNA-181 inhibits glioma

18l¢ cell7proliferation by targeting
cychinBL.

mir- hepato-cellular up Identification of mictcRNA-181

181c CLaoma by genome-wide screening as a
oritical player in BEpCAM-
positive bepatic cancer steni
celis.

1ir- neuroblasicroa down | MiR-181c modulates the

18le proliferation, migration, and
invasion of nenroblastoma celis
by targeting Swad7

wir- von-smal call iog dowo | MictoRNA-18] finctionsas a

181c cancer TWINGE SURPIEssot in ton-suak]
cell long cancer (NSCLC) by
targeting Bel-2.

fmix- osten-sarcoimna up MicroRMNA signatisres associate

18l¢ with patbogenesis and
pogression of asieosarcoma.

roir- papillary thyroid up Exprassion of miRMAs in

181¢ carcinoma Papiliary Thyoid Carcinomas Is
Associated with BRAF Mutation

cal Feature

in Chingse Patients.

fmix- v te cancer up microRNA-181 prowiotes

181¢ prostate cancer cell proliferation
by regwlating DAX
2XPressicn.

roir- glioma dawa | MiR-181d acts as a inmor

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

1ir- glioma down | MictcRNA-181 inhibits ghoma

1gid

celf?proliferation by targ:
cyclin Bl

eting
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- up {dentfication of tucroENA-181
18id by genome-wide screeniog as a
critical player in EpCAM-
positive hepatic cancer stetn
cells.
oir- bepato-celbslar up Polycyclic aromatic
181d | carcincma hydroecarbon (PAH)-mediated
uptegolaiion of hepatic
mncroRNA- 181 family promotes
cancer cell migration by
targeting MAPK. phosphatase- 5,
regulating the activation of p3R
MAPK.
roir- oon-small celllnog | dawn | MicroRNA-181 functions as a
181d cancer TWINGE SURPIEssot in ton-suak]
cell tong cancer (NSCLC) by
targeting Bol-2.
foir- papiltary thyroid up prassion of miRNAs in
181d carcinoma Thyoid C
ated with BRAF Mutation
sopathological Featores
in Chingse Patients.
mii- prostate cavcer up mictoRNA-I8Y proviotes
1814 prostate cancer cell protiferation
by regutating DAX-1
SXPIESSIon.
ix- bladder cancer up Synthetic miIRMNA-mowers
182 targeting miR-183-96-182
chuster o5 miR-210 mkibit
growth and migration snd
induce apoptosis in biadder
cancer cells
fmix- breast canoer up
182
wir- breast cavger up Suppresston of MIM by
182 mictcRNA-182 activates RhoA
and promotes breast cancer
imetastasis.
mig- breast cancer up Higher expresston of circulating
182 miR-182 as 3 novel bicw e
for breast cancer.
ix- cnlorectal adenc- up Enhanced miR- 182 wanscripticn

132

Carcinoma

is a predictor of poor overall
survival i colorecial
adenocascitoma patients.

e,
o
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colorectal cancer up rowiotes cell growth

182 oR by targetiog
forikkhead box F2 wanscription
factor in oolorectal cancer.

roir- colorestal cancer up Up-reguiation of miR-182

182 exprassion in colorectal cancer
wissoes and its prognostic vatue.

mir- colorectal cancer up mictoRNA-IR2 fatgets special

132 AT-rich saquence-binding
pwtein 2 10 promets colorectal
cancer proliferation and
metastasis.

foir- colorectal cancer up Circudating miR-182 is a

182 biomarkers of colorectal
adenocarcivema progre

mir- colorectal cancer up TB1 and 2 in colowectal

182 o

foir- colorectal up Increased expression of miRNA-

182 carcinoma 122 in colorectal carcinoma: an
independent and tissne-specific
prognostic factor.

- endometrial canoer up RNA-182 P

182 inox Cell Grow

argeting Trans

Elcongation Factor A-like 7in
Endomstsial Carcingroa.

wir- galibladder up GE-7 upreguwates maR-182

182 Carcinema exprassion to promotie
gallbladder cancer metastasis by
targeting CADMI.

foir- gasteic adeno- down | MicroRNA-182 targets cAMP-

182 carcinoma esponsive element-Binding
piotein?l and suppr s cell
growth in unan g;
adencoarcinoma

fmix- gastric cancer down | MicroRNA-182 inhibits

182

preliferstios through targeting
oncogenic ANUBLT in gastri

CAnNCer




WO 2017/132552

PCT/US2017/015417

glioma up

182 Regulates ative Apoptosts
and Sensitizes Cells to
Chemotherapy in Gliomas.

roir- glioma up miR-182 as ogrostic marker

182 for glicima pmgssion and
patient Sutvi

1ir- hepato-celhudar up OncomiR miP-96 and miR-182

182 Larciaoing protasts celd proliferation and
invasion through targeting
ephrinAS o hepatocettular
carcinoma

- o-cellilar up Wit/beta

182 CALCINGING MIR-183/96/182 expression in
hepatocaliniar carcinoma that
promotes cell invasion

foir- hepato-celiniar up Serom miR-182 ard r0iR-331-3p

182 carcinoma as diagnostic and proguostic
markers tn patients with
hepatocelintar carcinoma.

wir- bepato-cellislar up MictoRNA-182 doworegulates

182 Carcinema metastasis suppressor 1 and
contributes 16 metastasis ¢
hepatocelllar carcinosa.

ix- hepato-cellular up MiR-182 is up-regulated and

182 CANCLNG LA

foir- hing canoer up Differential MictoRNAs

182 E sion in Serum of Patie

fmix- hing cancer up Downregulation of microENA-

182 inhibits cell growth and
invasion by targeiing
prograromed c2if death 4 in
homan kg adenocarcinoma
cells.

foir- hing canoer down | Methylation Stats of miR-132

182 Promoter in Lung Cancer Cell

Lines].

o
b

-
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wialignant up Aberrant miR-182 expression
182 melanoma promotes melanonia metssiasis
by repressing FOX03 and
microphihalmia-associated
trapsoripiion factor,
roir- maligrant up Comparative analysis of
182 melancma melanoma deregulated miRNAs
in the medaka and Miphophoros
pigment cell cavcer models.
mir- mesenchyiak up MicroRNA-182 drives
182 cancer metastasis of primary sarcomas
by targeting muttiple genss.
ix- cvarian cancer up Micro-RNASs and ovarian
182 cancer: the state of art and
es of clisucal rescarch,
foir- ovarian cancer up Ardi-MiR-182 reduces ovarian
182 cancer buiden, wvasion and
metastasis: An in vivo study in
orthotopic xenogratts of nude
mice.
mie- ovatian cances up The vpregulation of stgnal
182 transducer and activator of
tanscnption S-dependent
mic rcRNA-I82 and mictoRNA-
2% prowiotes svanan cancer cell
pwliferation by tatgeting
o ad box (33 sipon leptin
stinmi
fmix- OVALIAN CAXCIoa up MicroRMNA- 182 promotes celb
182 growth, invasion and
chemeresistance by targeting
programmed coif death 4
PDCDA) in nanan ovarian
CACINGsNas.
foir- papiltary thyroid up miR-182 targets CHL1 and
182 carcinoma comirols tomoer growth and
invasion in papitlary thyioid
Carcivewa
wir- up iR-183-86-182 clustetis

182

oversxpressed i prostaie tissue
and regulates zine homeostasis
in prostate cells.




WO 2017/132552

prostate cancer

Overexpressed mictoRNA-182

promotes protiferation snd

invasion in prosiate cancer PC-3
cells by down-regulating N-mye
a

downste;
(NDEG

m reguiated gene 1

PCT/US2017/015417

uveal melanoma

down

Role of mictaRNA-182 in
posterior uvaal melanoma:
regulation of mor development
thiough MITF, BCL2 and cyclin
D2,

bladder caucer

prostate cavcer

up

Cell lnvasion and Proliferation
by Down Regulating FOXF2,
RECK and MTS81 Genes in
Fhaman Prostate Cancer.

tenat cell carcinoms

dowin.

Downregnlation of mictoRNA-
382-5p couiribisies to renat cell
carcioewa profifetation via
activaiing the AKTFOXO3a
signaling pathway.

breast cancer

down

MicreRNA-1826 targats
VEGFC, beta-catenin
(CTHNNBI} and MEX]
(MAPIKE) in hwnan bladder

kidney can

dowin.

MicioRNA-1826 directly targets
tesan (CT 3 and

KL (MAP2K) ta VHL-

inactivated mnal cancst.

bladder cancer

up

MicroRMNA expression
signatures of bladder cancet
revealed by deep sequencing.

bladder cavcer

Svathetic miRNA-mow
targeting miR-183-95-1
closter or muR-210 tnhibit
th and migration and
sis i bladders

breast canoer

down

Dvsregmlated miR-183 inhibits
migration in breast cancer calls
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colorectal cancer up Association of microRNA
183 exprassion with i tellite
instability status in colorectal
adenocarcingoa.
roir- colorestal cancer up COverexpression of microRNA-
183 183 in buman colorectal cancer
and its clinical significance.
1ir- colorectal cancer up Plasma miR-183 predicts
183 racurience and prognosis in
patienis with colorectal cancer.
esophageal cancer up unRNA-183 suppresses
apepto 3 piomotes
pretiferation i escphageal
cancer by targeting PRCDA.
ix- esaphageal up MicroRNA-183 promotes
183 squamons cell proliferation and invasion in
carcinoma oesophageal squamonus cell
carcinoma by targating
progravmed ceit death 4.
- follicntar thyroid up Differe miRNA expression
183 CACINGING detines migration and reduced
apopiosis in folticwlar thyroid
Carcinomas.
foir- gastric cancer down | miR-183 inhibits invasicn of
183 tric cancer by targeting Ezris
wir- gasttic cancer up MictoRNA-183 inkibits
183 apoptosis and pomotes
proliferaticn and invasion of
gastric cancer cells by targeting
PDED4.
foir- gastric cancer down | MicroRNA-183 inhibits gastoic
183 cancer profiferation and iovasion
via directly tasgeting Bmi-1.
wir- glioma up The miR-1%3/96/182 Clustatr

183

Regulates Oxidative Apoptosis
and Sensi
Chemotherapy in Gliomas.

o
N
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hepato-cellislar
CATCINOIMa
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bepato-celbslar
CAICINCMa

miR-183 inhibits TGF-beial-
induced apoptosis by
downreguiation of PDCD4
exp on it hisman
hepatocelinar carcivemwa cells.

foir-
183

-Geltniar
carcmonma

up

Exprassion and Sigrificance of
RNA-183 in
Hepatocelbilar Carcinoma.

kidney cancer

up

mctoRNA-383 plavs as
oncogenes by increasing cefl
pmliferation, migration and
invasion via fargeting protein
phosphatase 24 in renal cancer
cells.

meduliary thyroid
carcinoma

up

MicroRNA profiting of sporadic
and hereditary medullary thvroid
cancer identities predictots of
nodal metastasis, prognosis, and
potential themapauiic targets.

-SRANCOINE

down

wation of 1iR-3183
tes migratios and invasto

apillaty thyreid
CLIG LA

Yo+

up

miP-183 regulates biniagical
behavior in papillary thyroid
cascivoma by taig
programined cefl death 4.

prostate cancer

up

miR-183-56-
overexpi
and regulate;
in prosiate ce

prostate cancer

up

icroRNA-183 is an oncogan?
targeting Dikk-3 and SMADG in
prostate cancer.

retino-blastoma

down

MicroRMNA-183
rettnoblastoma ¢
invasion and roigeaticn by
targeting LRPS.

ix-

hung cancer

up

Up-teguiation of micioRNA-
183-3p is a potent prognostic
marker for hung adenocarcinoma
of femiale non-smokers.
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- glioma down | [dentification aud functional

184 charactenization of microRNAs
involvad in the malignant
progression of glicmas.

foir- glioma down

184

mie- head and neck up
134 squamaons call microRMAs on factor-inhibiting
CAICINCMa hypexia-inducible factor (FIH}

gene for the pathogenasis ¢
head aud neck ¢

ix- hepato-cellular up Mir-184 Post-Transcripti

184 carcino g Remlates SOX7 Expre:
Promotes Cell Prolife
Bumas Bepatocelbsiar
Carcinama.

- o-cellilar up } RNA-18

184 CALCINGIMa ration and iovasion, and
3 cally targets 7| i
Glioma.

mir- malignant down | Kegulation of cavcer aggressive

184 welatona features in melavowa cells by
mictcPNAs.

foir- ngorc-blastoma down | MicroRNA-184 inhibits

184 neuroblastoma cell survival
thiough targeting the
sering/threonine kinase AKT2.

foir- ngorc-blastoma down | MicroRNA-184-mediated

184 inhibiticn of tumo ur growih in
an orthotopic musine model of
nenreblastoma.

mig- nop-smatl cell fung down | MicroRNA-184 Deregniated by

184

CANcEt

oRMNA-Z3 Prowetes
Tumaor Matigrancy and Poor
Ouicomes in Nou-small Cell
Lung Cancer via Targsting
CDC25A and c-Myc.

[~
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- SQUAINGHS up MicioRNA-184 inhibits cell

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

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

185 and bladder cancers.

f0if- breast cancer down | MicroRNA-185 inhibits

185 profiferation by targeiing
in hunan breast cancer ce

breast canosr down. | MiR-185 is involvad in tutman

breast carcinagenesis by
targeting Vegfa,

foir- 2sophageal down | Molecular mechanism and

185 squarmnons cell effiect of nuicioRNAIRS on

CACINGING pwlitesation, migration avd

invasiov. of esophages}
squatocus cell carcinomal

wir- gasttic cancer up MicwRNA prefiling of humas

185 gastric cancer.

wir- gasttic cancer dows | miR-183 55 av independent

185 progrosis factor and suppresses
fuior roetastasis in gastiic
cancet.

foir- glioma down | LRRC4 inhibits glioma cell

185 growth and v asion throu
miR-185-dependent pathway.

wir- bepato-cellislar dowo | 0iR-183 inkuhits bepatocetinia

185 CAICINCMa carcinoma growth by target
the DNMT I/PTEN/ALL
pathway.

oif- matignard down | Reglaticn of cancer aggressive

i85 mslanoma featores in melanoma cells by

micrtocRNAs.
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- colon carcinoma dowin. £ ion of tE-I86 and s

186 role i hiyman colon carcinoma
cells).

roir- aon-stmatl cell lnng dowa | miR-186 downreguiation

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

foir- aon-smabl cell lung down | MiR-186 t:

186 canecer suppress the
metastasis of N

- catic ductal up unR-186 and 326 Predict the

186 -CRRGIOO IR Prognosis of Pavcweatic Ductal
Adengcarcinoma and Affsct the
Proliferation and Migration of
Cancer Cells.

ir- prosiate cancer down | MiR-187 Targets the Andiogen-

187 Reguiated Gene ALDHIAS in
Prostate Cancer.

- o-cellilar down | MictocRNA-188-5p Suppresses

188- CALCINGING Tumor Cell Proliferation snd

5p Metastasis by Directly Tatgeting
FGFS in Hepatecalhular
Carcinoma.

foir- prostale cancer down | miR-188-5p inhibits temour

188- growth and metastasis in

Sp G TESSIRNG
LAFTMAE expression.

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

18a overexpessed in pancreatic
catcer, associated with a poot
prognosis, and involved in
cancer cell proliferation and
invagsion.

foir- bladder cancer down | miciocRNA-182, a roember of the

i8a 0nco gL 17-92 chuster,
targets Dici
preliferstios tn bladde
T24 calis

wir- breast cavcer up MictoRNA expression profiles

18

in human breast cancer cells
after mmitifraction and single-
dose radiation treatinent.
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wir- breast carcinoma up MIR-93 enhs S angiogenesis
18a by targeting
LATSZ.
foir- cholangiocarcinona | up miR-17-92 cluster promotes
18a cholangi wib:
evidence for PTEN as
downstezam target and [L-
/313 as upstream activator,
i- colon cavser up roRNA-182 Attersaies
13a DNA Darage Pepair thrcugh
Suppressing the Expression of
Ataxia Telangs iz Mutated
ir- cnlomctal cancer up
1%a
293 as promising hiomarkers.
wir- colorectal cancer up Plastoa miR-200¢ angd miR-18a
18 as poiential biomarkers for the
etection of coloractal
cascinoma.
ix- cnlorectal cancer down | muiP-18a [nhibits CDC42 and
1%a ys a Turocor Suppressor Role
in Colorectal Cancer Cells.
ix- cnlorectal cancer up MicroRNA. exprassion prafiling
1%a of exfoliated colonccytes
isolated from feces for colorectal
CANCES SCICORInG.
wir- asophageal up
18 squartous cell
CANCLNG LA
1ir- esophageal up Clinical impact of 1a
i%a seuamous cell miR-1%a i plasma of patients
carcinoma with ogsophageal squatous cell
carcinoma.
ir- gastric cancer up Diagnostic and prognostic vatue
13a of circolating miR-182 i the

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

18 gastric cancer.

foir- glicblasioma up MiR-18a raguiates the

i8a proliferation, migraticn and
invasion of himan glicblastoma
cell by targeting veogenin.

ir- fung cancer up A polycistronic mista

13a clusier, miR-17-92, is
overaxpiessed in human hing
cancers and enhances cel}
protiferstion.

fmix- hing Gp Apoptosis induction by antisense

18a oligomicleatides against mik
17-5p and miR-203 in hung
cancers nverexpressing miR-17-
92,

oir- hing cancer up MicioRNA wiR-17-5p is

183 overaxpressed in pancreatic
cancer, associated with 4 poor
prognosis, avd involved in
cancer cell prolifewation and
iNVasion.

wir- oiadignant up Comparative anatysis of

18a melanoma metanoma detegwated miRNAs
in the medaka and Xiphophorus
pigmerd cell cancer models.

1ir- mialignant up Altered expression of selested

i%a melancing microRNAs in melanoima:
ansiprofiferative and
poapoeptotic achivity of miRNA-
135

mir- manile cell up The miRNA-17292 cluster

13a tymphoma mediates cheragcresisiance and

enhances tuoot growth in
mantla cell lymphoroa via
PIBK/AKT o
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- wiedubo-biastoma up The miR-17/92 polycistron is

18a up-reguiated w sovic hedgabog-
driven medoliobiastomas and
induced by Nty ¢ in sonic

hog-tezated cerebeliar
i DISCHLSOLS.

ix- naso-pharyngeal up 182 promotes malignant

1%a CANCLNG LA progression by impairing
mncsoRNA biogenesis |
nasephasvngeal carcinona

- ueuro-blastoimna up MYCli-regul

18a rep!
E ) and negrenal
differentiation in human
nenrchlastoma

oon-smatl celllnog | up Peripheral Bload tiR-328

18 cancer Expressicn as a Potential
Biomadker for the Easly
Diaguosts of NSCLC.

- osteo-sarcoma up Upregntation of roicroRNA-17-

18a ¥ associates with tymor

rgression and prognosis in

Oste0sarcoma.

oif- alic cancer up Novel diagnostic value .

18a [§ ting wilk-18a in
patienis with pancreatic

wir- pavcreatic ductal up Cirowiating MicsoENAs

182 adenc-carcinoma Semm of Human K-tas
Orncogene Transgenic Rats With
Paucieatic Ductal
Adenocarcinonias.

foir- prostale cancer up MicroRNA-1%a is elevated in

183 prostate cancer and promotes
INOrige s through
suppressing 5TK4 in vitro aod in
vivg

fmix- up microRNA-18b is npreguiated in

i8b bre modiat
genas involved in cell migration.

ix- malignant down | The Rale of mik-18b in MDM2-

13b melanoma 33 Pathway Sigraling and

Melanoma Progression.
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fmix- hepato-celludar Gp Up-Regulation of MicroRNA-

190 carcinoma 190h Plays a Role for Dacressed
IGF-1 That Induces nsulin
Rasistance in Huroan
Hepatocelhdar Cascinoma.

ix- breast cancer up Differential expression of miP-

191 23, miR-125b and miR-191 in
b2ast cancer tissue.

f0if- breast cancer down | Estrogen mediated-activaticn of

191 3 closter modulates

f breast catcer

cells depending on estrogen
receptor staius.

roir- breast cancer up HIF-inducible miR-191

191 promotes migration in breast
cancer through complex.
regulation. of TCIRY-signaling in
hypexic micmenvimnment.

wir- colorectal cancer dows

19t KD
instability status in coloractal
aden

- colorestal cancer up miR-191 promotas

191 tmorigenesis of human
colorectal cance gh
targeting CAIBPY

fmix- colorectal up MicroRMNA-191 correlates with

191 carcinoma poos proguosis of colo
carcinoma snd plays ondtiple
mles by targeting tissue inhibitor
of metalloprotease 3.

colorectal up MicroRNA-191 correlates with
carinena pont progrosis of caloractal

carcinoma and plays nudtiple
roles by targeting tissue inhibitor
of metalioprotease 3.

1ir- gastric cancer up iR NA-223 promotes gastric

191 cancer invasion and metastasis
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- hepato-cellislar up Hypomethylation of the mik-
191 CACINGING 351 locus causes high
axpressicn of mir-191 and
promotes the epithelial-to-
mesenchymnal fracsition in
hepatocelindar o
ix- ostec-5arania up MicroRNA-1993-31
191 downreguiated in homan
osteosarcoma aud regulates cell
pwliteration and wigwation.
- up RNA-191 promotes
191 oima cells proki
by targeting checkpoint kinasa
pancreatic cancer up MicroRNA-191 promates
pancreatic cancer progressicn by
iargeting TISP10.
foir- bladder cancer down sion of microRMAs in the
192 Urine of Patients With Bladder
Cancer.
bladder cancer down | Kegulation of giowth of lnyman
bladder cancer by mik-392
ix- cnlon cancer down | Prognostic significance of miR-
192 215 in colon cancer.
- colorectal cancer down | Association of microRNA
192 on with microsatellite
ity status W coloracial
adencoarcinoma
mig- coloiectal cancer down | mictoRNA-192, -194 and -218
192 are fraquently downtegulated in
colarectat cancer.
ix- epithelial nvarian down | Gain-cf-functico mictcRNA
192 Lancer screens identify mR-193a
regulating proliferation and
apoptosis in epithelial ovarian
cancet celis.
1ir- gastric cancer up MictoRNA-192 and 215 are

192

teic

L buman g4

ALCAM exprassion in vitra,
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fmix- gastric cancer up Plasros miR-122 and miR-192
192 as potential vovel biosnarkers for
the earty detection of distant
meiastasis of gastric cancer.
gasttic cancer up MiR-215/192 pasticipates 1
2ASITC CANCEr PrOgIEssin
1ir- lung cancer down | MicicRNA-192
192 retinohk
preliferstios and induc
apoptosis in hung cancer catls.
ir- pancreatic ductal up Diagnosiic and biclogical
192 adenn-carcincima significance of micmRNA-192
in pancieatic ductal
adenocascitoma.
fmix- epithelial ovarian down | Gain-of-function mictocRNA
1933 Cancer screens identify miR-193a
regulatiog proliferation and
apoptosis in epithelial ovarian
cancer cells.
breast cavcer dowo | CGlohal micioRNA Jevel
regulation of EGFR-diiven cell-
cycle protein network in breast
cagcer.
i cancer down | miR-193a-3p fanctions as a
193a- tunor suppressor in fung cancer
3p by downregnlating ERBBA4
up A panel of five seruin miBRNAs
as a petensial diagoostic tool for
aarly-stage renal cell carcinoma.
mir- colorectal cancer down | Downtegulation of tiiR-193a-5p

comelates with lymph vode
imetastasis and poos Prognosis in
colorectal cances.
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Lroast cancer down | Downregnlation of miR-193b
contributes to enhance
urckinase-type plasminagen
activator (uPA) expression and
fuinor progressicn and invasion
in humas breast cancer.

ix- breast cancer cell Tumor suppressive microRNA-
193b lines 1930 prowactes breast cancer
MD progression via targeting
A- DNAJICI3 and RAB2Z4.
MB-
231,
mCF
-7,
ix- glioma up miP-193b promoiss call
193b piroliferation by targeting Smad3
in human glioma.
foir- hepato-celiniar down | miR-193b acts as a cisplatin
193b carcinoma sensitizes via the caspase-3-
dependent pathway ini3CC
chemotherapy .
wir- oiadignant up miR-193b Kegulates Mcl-Lin
193b melancma Melanowa.
foir- down | Stathinin I is 2 potential rovel
193b wielanoma oncogene in melavowa.
wir- vot-swal celllwog | dowo | MicioRNA-193b modniates
193b cancer pooliferation, migraticn, and
invasion of non-small cell long
cells.
foir- primiacy oos down | Differential miceo-PNA
193b iy mphoroas exprassion in pritnary CNS and
nodal diffuse laige B-cell
tymphomas.
mig- coloiectal cancer down oRINA-192, -194 and -218
194 are fraquently downtegulated in
colarectat cancer.
wir- colorectal cancer dowo | MiR-194, commonly tepressed

in colotectal cancer, suppresses
iumor growth by regulating the
MAP4K 4/c-Ton/MDM2

fing pathway.
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i~ down | unR-194 targets RBX] gene to

194 modilate protiferation snd
migration of gasiic cancer celis

ix- gastric cancer down | MicrcRNA-194 Inhibits the

194 Epithelial-Mesenchy mal
Transition in Gastric Cau
Cells by Targeting FoxMi.

oir- hing cancer dowa | miR-194 suppresses metastasis

194 of non-small cell lung cancer
thioogh regulating expression of
BMPY and p270ipt.)

oif- 0$1E0SACOLNR down | microRNA-194 suppresses

194 celi tion

tastasis in vitio and in

vivo by targeting CDH2 and
IGFIR.

wir- paveTeati up Upsegntation of miR-194

194 adeno-carcinoma coniributes to tumaor growth and
progression in pansreatic ductal

- adenal cortical dowin. S and wmik-483-5¢

195 CACINGING ied as Predicters of Poor
Prognosis o Adwenocortical
Cancer.

wir- adwenal cortical dowo | The role of microRNA

195 CAICINCMa deregulation in the pathogenesis
of adrenocertical carcinoma.

oif- bladder cancer down | Cyclindeperdent kinase 4 is a

195 rgat in micoRNA-195-
mediated cell cycle arrest in
biadder cancer cebls.

fmix- breast canoer down 1R-195 and MR-

1935 Tession, regation and
rols in breast cancer.

ix- breast cancer down | Upregutation of

195

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

.
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fmix- breast canoer down | Serom mictoRNA-195 s down-
193 regnisted tn breast cancer a
potential marker for the
diagnosis of breast cancer.
ix- chroric down | miP-13 and mik-16 induce
195 ty miphocytic apoptosis by targeting BCL2.
leulemia
1ir- chiordc down | Defective DROSEA processing
195 ymphocytic contributes o downregulation of
lenkemia MiR-15/-16 in chyonic
Iymphocytic lsukemia.
wir- colorectal cancer dowo | microRMNA-195 priomotes
195 apoptosis and suppressas
inmorigericity of human
colorectal cancer cells.
nir- colorectal cancer down laticn of miR-195
195 s with bviuph node
Asis avd pooy 0818 1t
colorectal cancer.
wir- colorectal cancer dowo | MictoRNA-195 inkibits
195 colorectat cancer call
preliferation, colony formation
and invasion thicugh targetiing
CARMASZ.
roir- asophageal down | Differential expression of miR-
195 squatnons cell 95 in esophageal squamo
CAFCINGING NGy and mi
1inhibits tumos cell
ration and isvasion by
0f CdedZ.
- dowin. A-193 and suicsoENA-
195 { inediate tumot growth
supprassicn by epigenstical
regulation in gastric cancer.
mig- gliobiastoma down | MicroRNA-193 plays
195 suppressor role in hiuwan

glioblastoma cells by tatg
signaling pattiways involved in
celtuar profiferation and
invagion.
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- glioma dowin. ORNA-195 Inhibits the
195 feration of Bumas Gliowa
by Directly Targating
Cyelin D1 and Cyclin E1.
bepato-celbslar down | MicroRNA-1935 suppresses
Carcinema angiogenasis and metasiasis of
hepatoceliuar carcinoma by
inhibiting the expression of
VIEGE, VAV2 snd CDC42.
foir- -Geltniar down | MicroRNA-195 S & ot
195 carcinoma by directly targeting
hepatoceliular
hepato-celllar dowa | microRNA-195 funciions as a
CAICINCMa wmar suppressot by inkibiting
CBX4 in hepatocelintar
cascinoma.
foir- hing canoer down | Histone deacetylases inbibitor
195 trichostatin A increases the
exprassion of Olew?/miRk-
132/16-1 via BDACS in now-
simall cell hung cancer.
huog cancet down nou-simall
193 i
fmix- nenro-blastoma up miR-15a/16-1 enhances retinok
193 acid-wediated disferentiation of
leukeric cells and is up-
reguiated by retinoic actd.
ix- non-small cell tung down | MiR-195 suppresses non-smail
195 cancer cell long cancer by targeting
CHEKI.
fmix- matl cell bung down | MicroRNA-195 inhibits non-
195 cancer swald cell hung cancer cell
pmliferation, migration and
invasion by targating MYB.
ix- non-small cell tung | down | miR-195 inhibits the growth and

cancer

e g
metastasis of NSCLC cells by
targeting IGFIR.
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- osteo-sarcoma down | MicioRNA profiling identifics

195 MiR-195 sy 565
nstensarcona cell meiastasis by
targeting CCNDYL

mie- 0stee-sarcoma down | muctoRNA-393 suppresses

195 ostensarcerma ceil invasicn and

ation invitm by targeting

FASN.

1ir- papillaty thyrcid down | microRNA-339-5p modulates

195 carcino g Na+/ mponter-mediated
radiol

- o-cellilar dowin.

195- CALCINGING

5p
carcinoma.

wir- -Sarcoma up (dentification of 2 plaswa four-

195- mictcRNA panvel as potential

3p noninvasive biomarker for
osteosarcona.

oif- breast cancer up MicroRNA-196a post-

196a transcriptionally upregulates the
UBREZC proto-oncogene and
prewetes cell pralifewmtion W
breast cancer.

fmix- cervical cancer up MicroRMNA-{96a promotes

196a Gervical cancer pr TAtion
thiough the regulaticn of
FOXO! ard p27(ipl.).

- colorectal ¢ dowin.

196a
instability status o coloracial
adencoarcinoma

ix- cnlorectal cancer up Upregulation of microRNA-

196a 1963 and microRMNA-196b
cooperatively cotrelate with
aggressive progression and
unfavorable prognosis in
patents with colorectal cancer.

fmix- esophagesl adenoc- up MicroRMAs in Barrett’s

1496a carctoona esophagus and esophageal

adenccarcincma
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- gastric cancer up MiR-196a Is Up-regmlated in

1963 Gastric cavcer and Promotes
Cell proliferation by Down-
regulating p27kipl.

ix- gastro-tutestinal up Upregulation of Ga and

196a stromal tomor HOTAIR Drive Malignant
Character in Gastrointestinal
Steomal Tumors.

glioblasioma up MiR-196a exeris its cnoogenic

effact in glioblastama
nudtifoeroe by inkibition of 1787
both in vitzo and in vivo.

ix- head and neck up MicroRNA-196a promotes an

196a squamons cell oncogenic effact in head and

carcinoma neck cancer cells by suppressing

annexin &3 and enbancing
radioresistance.

- uon-small cell luug up MicioRNA-196a promotes non-

196a cancer simall cell lung cances cell
prefiferatics and invasion
thinugh targeting HOXAS.

wir- paOCTEAtc cancer up MiR-196a Promoies Pancreatic

196a Cancer Progression by Targeting
Nuclear Factor Kappa-B-
Tuhibitor Alpha.

- catic ductal up MicioRNAs as diaguostic

196a adeno-carcinona markers for > ductal
adenocarcinoma and its
PIECUISOL, PANCIeatic
inteaepithelial neoplasn,

wir- SEUATNONS up Unique MictoRNA Expression

196a CAICINCMa Prafiles in Cervical Cancar.

foir- gastric cancer up MicmoRNA profiling of lutnan

196a* gastric canecer.

fmix- glioblastoma up MIRNA-196 is upregulated in

glioblastowa but not in
anaplastic astrocyiona and bas
prognaostic significance
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- oral cancer up OncomiR-196 promotes an

196a- invasive phenotype in otal

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

foir- oral squamnous cell up miR-196a Ovazexprassion and

196a- { carciooma ¢ Polymoiphist

1 Are Prognostic Sredictors of
Oral Carcingmas.

- glioblastoma up MIRNA-196 is upregnlated i

196a- glioblastosna but not in

2 anapiastic astrocytoma and has
pmgnostic sigoificance.

roir- oral cancer up OncomiR-196 promates an

196a- invasive phenctype in oral

2 cancer through the NME4-INK-
TIMP1-MMP signaling
pathway

foir- oral squamnous cell up miR-196a Ovazexprassion and

196a- { carciooma miR-10 Gene Polymoiphists

2 Are Prognostic Sredictors of
COead Cascivotas.

gastric cancer up Clinical signtficance of

upcegulation of mir-196a-3p in
gastric cancer and enriched
KEGG pathowvay aralysis o
target genes.

ix- cnlorectal cancer up Upregulation of microRNA-

196b 1963 and microRMNA-196b
cooperatively correlate with
aggressive progression and
unfavorable prognosis in
patents with colorectad cancer.

fmix- esophageal caucer up Differential exprossion of

196b miRMNAS in esophageal cancer
TssuE.

ix- gastric cancer up Transcripticnal regulation of

196b miR-196b by ETS2 in gastric
cancer cells.

1ir- gastric cancer up Epigenetic regulation of miR-

196b

1960 expression in gastric
Cancet
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i~ glioblastoma up MIRNA-196 is upregodaied i

196b glioblastosna but not in
anapiastic astrocytoma and has
progrostic sigoificance.

roir- glioblasioma up Upregulation of miR-1%6

196b confars a post progno:
sliobiasictna patients via
inducing a proliferaty
phenotype.

foir- oral cancer up OroomiR-196 promotes an

196h invasive phenotyvpe in oral
cancer through the NME4-INK-
TIMP1-MMP signaling
pathway

oral squamous el up miR-196a Overexprassion and
CAICINCMa miP-196a2 Gene Polymorphism

Are Prognostic Predictoss of
Gral Carcinonias.

mir- breast cancer up Rele of mictoRNAs -25h-2, -

197 155, -197 avd -205 as diagnostic
binmarlkers in senun of braast
cancer famalas.

wir- dowo | loyplications of microRNA-197

197 downreguiated expression in
escphageat cancer with poor
PIOENOSIS.

ix- follicular thyroid up A limited set of human

197 CANCLNG LA MicroRNA is deregulated in
follicular thvioid carcinoma.

mig- gastric cancer down | miRNA-223 prowotes gastne

197 Gancet Bvasion and metastasts
by targeting tumor suppressar
EPB41L3.

wir- o-cetbilar dowo | Anti-mdR-197 inhibits migration

197 Carcinema in HCC cells by targeting KAI
1/CDR2.

ix- hung cancer up Differential MicroRNAs

197

Exprassion in Serom of Patients
with Lung Cancer, Pudmonary

Tubeiculosis, and Preusnonta.
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fmix- msltiple myeloms down | miR-137 and miR-197 Induce

1497 Apoptosis and Suppiess
Tumorigenicity by Targeting
MCL-1 in Moltipie Myeloma.

foir- alering leicroyoma down | Upregulation of miR-197

197 inhibits coll proliferation by
directly targeting IGEFBPS in
huoan utetine leiomyowa cells.

wir- adwenal cortical dowo | The role of microRNA

1974 CAICINCMa deregulation in the pathogenesis
of adrenccertical carcinoma

1ir- colorectal cancer down | MiR-198 represses tumor

198 growth and metastasis in
colorectal cancet by iargeting
fucosyl transferase £.

wir- celbslar dowo | miR-19% inkihits migration and

198 invasion of hepatoceltular
carcinctma cells by targeting
HGF/c-MET pathoway.

1ir- lung cancer down | MictcRNA-198 Inhibils

198 Proliferation and Induces
Apoptosis of Lung <
Via Tatgeting FOFR1

fmix- pancreatic cancer down | A Tumorigeny

198 nter:
Tumor Suppressor MicroRNA-
198 in Human Pancreati
Cancer.

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

19 adeno-carcinema miR-217 as diagnosiic and
progrostic biomarkers for
chronic pancreatitis and
pancreatic tal
adenocarcivema

mig- chondro-garcoma down | CCLS prowmotes vascuiar

1994 endothelial growth factor

expression aod induces
angiagenesis by dowa-
regulating miR-199a io human
chondrosarcoma cells.
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- gastric cancer up uR-199a regulates the tumor

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

hepato-celllar dowa | IMicooPNA profiling in patisuts
CAICINCMa with hepateceihular carcinomaj.

- down | Circulating microRNAs as

199a biomarkets for hepatoceliular
carcinoma

ix- hepato-cellular down | Lentivirus-mediated

199a CANCLNG LA overexpesion of microRMNA-
1992 inhibits cell proliferation of
human hepatocelhiar
carcinoma

- hepato-cellislar down | MiR-19%a regulates cel

1993 CACINGING pwlitesation and survival by
targeting FZID7.

wir- kidoey cancer dowo | Re-expuession of miR-3993

1993 suppresses renal cancer cail
proliferation and survival by
targeting GSK-37.

wir- von-smal call iog dowo | MiR-199a suppresses the

199a cancer hypexia-induced proliferation of
noo-small cell hung cancer cells
through targeti

1ir- Gvariain cancer down | Roles and Mechagism of miB-

199a 1993 and miR-£25b in Tumors
Anglogenesis

ix- cvarian cancer down | Micre-RNAs and ovarian

199a

cancer: the state of arl and
prspectives of clindcal mse
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- primary cos down | Differential micio-RNA
1993 Iyoiphowas exprassion in primacy CNS and
nodal diffiss largs B-cell
Iymphomas.
escphageal adeno-~ up MicroRNA 223 is Up-tegulaied
Carcinema in the Muliistep Progiession of
Barrett's Esophagos and
Modulates Sensitivity to
Chemotherapy hy Taigeting
PARPL.
- down | MicicRNA-199a-3p1s
1993- dowsnregulated in gasttic
3p carcinctas and modulates cell
poliferation.
gastric cancer up MiR-1992-3p promotes gastiic
cancer progression by targeting
3 ZHX1.
ir- glioma down | MicrcRNA-199a-3p suppresses
199a glioma cell profifeation by
3p regulating the AKT/mTOR
igoaling pathway.
oif- kidney carcer down | miR-1992-3p inhibits hepatocyle
199a- growth r/c-Met signaling in
P renal cancer carcinoma.
wir- Ostes-sarcotma dows | MictoRNA-1992-3p s
199a- downregutatad in huroan
3p osteosatcorog and mgolates cell
proliferation and migration.
ix- ostec-5arania down | A thie-plasma miPNA
19%9a signature serves as aovel
3p biomarkers for osteosarcoma.
oif- 0sten-sarcotna up Identiftcaiion of a plastoa four-
199a- microRNA panel as potential
3p noninyasive biomarker for
ostensarcewa
fmix- osten-sarcoimna down | Polvmeric patticle-based
1992~ delivery of muctoRNA-1992-3p
3 inhibits prodiferation and growth
of osteosarcoma cells.
ix- papillary thyroid down | miR-19%a-3p displays tumor
1992~ { carcinoma supprassor fanctions in papitiaty
3p thysoid carcinoma.

106




WO 2017/132552

PCT/US2017/015417

- tenat cell carcinoms | down | miR-1994-3p inknbits hepatocyte
199a- growth factor/c-Met signaling in
3p renal cancer carcinema
ir- cnlomctal cancer down | The deoxycholic acid targets
199a- miRNA-dependent CACT gere
Sp expression i muktidrug
registance of human coloractal
COnCSt
- esophageal ade up MicioRNA 223 is Up-regulated
199a- | carcinoma in the Multistep Srogression of
5p Barreit's Esophagus and
Modulates Sensttivity to
Chemotherapy by Taigeting
PARPL.
ix- gastric cancer up Up-regutated miR-199a-
199a- gastric cancer fonctions as an
Sp ONCog! d targets klotho.
foir- hepato-celiniar down | Role of microRMA-1993-5p and
199a- { carcinoma discoidin domain receptor 1 in
Sp human hepatoceliular cawcinoma
VAsios.
mii- hepato-cellular down | Identification of differenttally
199a- | carcinoma expressed microRNAs in tuwas
Sp hepatcceliular adenoma
associated with type [ glycogen
disease: a poten
utibity as biowiaikers.
foir- down rease of muR-1993-5p by
199a- I orphyon 1 a
Sp hotocataly zer, disectly inhibits
23, sensith mesenchy vial
mmoer cells to ami-cancer agents.
mig- chorio-carcinoms down sed expression of
199 microRMA-199h increases
pmtein lavels of &
phosphatase 2A
homan choriocaicingma.
foir- follicular thyroid down | Differential miBNA expression
1996 carcinoma defines mmigeation and reduced
apop in follicular thyroid
Carcioewas.
wir- bepato-cellislar dowo | IMicwRNA profiling in patievis

199

CAICINCMa

with hepateceihular carcinomaj.
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- hepato-cellislar down | Underexpressed microRNA-

199h CALCINGING 3996-5p targets hypoxia-
inducible factor-17 in
hepatoceliudar carcincroa and
predicts proguosis .
hepatocelinlar carcinoms
patients.

oif- DIoStale canser down | MiR199b Suppressas Expresston

199 of Hypoxia-Inducible Factos 17
(B1F-17) in Prostate Cancer
Cells.

- esophageal adenc up MicioRNA 223 is Up-regulated

199b- { carcinoma in the Mulitstep Erogression of

3p Barreit’s Esaphagus and
Modulates Sensttivity to
Chemotherapy by Taigeting
PARPL

oif- breast cancer down | MiR-199b-Sp targets HERZ in

199b- breast cancer cells.

sp

wir- bepato-cellislar dowo | (dentification of differentially

199b- | carcincma exprassed mictoRNAS in human

Sp hepatoceliular adenoma

- wiedutioblastomns dowin.

199b-

5p
modifications in
medubloblastoma.

wir- wiesenchymal dowo | MictoRNA Expression Profiles

199b- { cancer in Kaposi's Satcoma

5p

ix- apitacy thyreid up Expressicn profils and clinical

199b- ioma significance of microRNAs in

Sp papitlary thyroid carcinoma.

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

overexpessed in pancreatic
catcer, associated with a poot
prognosis, and involved in
cancer cell proliferation and
invagsion.
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- bladder caucer up unR-1%a acts as au ovcogenic

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

ix- breast cancer up MicroRNA. exprassion prafiles

19a in hasenan broa; ool
after muitifraction avd single-
dose radiation treatment.

mie- breast carcinoma up MiR-93 enbavees angiogenesis

19 and metastasis by tacgeting
LAT

foir- cervical canoer up MicroRNA-19a and -19b

19a iegulate cervical ca
pwlifesation and iwvasion by
fargeting CULS.

wir- cholangiocarcs up miR-17-92 clusier promotes

1% cholangioearcinosia growth:
evidence $or PTEN as
downstrear target and I1L-
5/Stat3 as upstream activalor.

wir- colorectal cancer up MictoRNA expression profil

192 of exfoliated colonocytes
isolated from feces for colorectal
Caficel screcning.

ir- esophageal up

19a squamons cell

carcinoma

fmix- gastric cancer Gp RNA-192/6 regulates

195 ondtidrug wsistavos o hman
gastric cancer cells by targeting
PTEN.

foir- gastric cancer up miR-19a Promotes Cell Giowth

1% and Tumorigenesis thicogh

Targeting 30CA1 in Gastric
Cancer.
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gastric cancer

MiR-192/b modulate the
metastasis of gasiric cancer cells
by targeting the tumour
suppresser MXDI.

PCT/US2017/015417

aastric cancer

up

MiR-19s promotes epithelisl-
mesenchymal transition thiough
PI3K/AKT pathway in gastric
cancer.

foir-
193

gastric cancer

up

MiR-19a prorostas epithe
mesenchymal transition
PBR/AKT pathway in gast

Cancet

glioma

up

miR-193 and miR-19b
Overexpression in Glicmas.

glioma

up

MicroRNA-192 prowotes
gliomna cell growth by repressing
LRIGL

ix-

19a

hung cancer

up

Apaprosis inducticn by antisens
oligomcicotides against miR-
£7-5p and nuR-20a in hung
cancers overexpressing miR-17-
92

wir-
1%

bing cancer

MictoRNA 6iiR-17-5p is
overexpressed in pancreatic
Cancer, a iated with a poor
prognosis, aud mvolved in
cancer cell proliferation and
VAsios.

wir-
1%

bing cancer

A polycistionic microRNA
chuster, miR-17-92 is
overexpmssed in human long
cancers and ephances ceil
proliferation.

1ir-
192

manile cell
tymphoma

up

The miRNA.
mediates
enbance:
mantle ceil lymphoma via

PRK/AKT pathway activation.

wir-
1%

wiedulo-blasioma

The miR-17/92 polycistron is
up-regulated in sonic hedgabog-
driven medoliobiastomas and
induced by Nty ¢ in sonic
hedgehog-treated cerebeliar
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neural precursors.
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mir- neneo-hlastoma up

19a
differentiztion in himan
ity astoma.

1ir- non-small cell long up Seruto miR-19 expression

192 cancer correlates with worse prognosis
of patients with non-swall cell
g cam

foir- 0sten-sarcotna up Upregulation of mictoRNA-17-

195 22 cluster associates
progression and proguosis
Dstensarcema

- broast cai down | MicicRNA-1¢

19a- breast cances progre

3p metastasis by induc
macrophage polar
thiough downregulated
expression of Fra-1 o
QTCOENE.

foir- 2if ymphoma up MicroRNA miR-17-5p is

1% overexpiessed in pancreatic
cauncer, associated with a poot
prognasis, and involvad in
catcer cell protifemtion ang
invasion.

wir- breast cavcer up MictoRNA expression profiles

1% in human breast cancer cells
after mmitifraciion and single-
dose radiation treatiment.

wir- breast carcinoma up MiIR-93 eshances angiogenesis

19

wir- cesvical cancer up MictoRNA-1 95 and -19%

1% regulate carvical carcinoma cell

piroliferation and invasion by
targeting CULS.
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wir- cholangio- up miR-17-92 clusier promotes

1% CALCINGIMa cholangiocarcinoma growth:
avidence for PT] 5
downstiearm target and IL-
5/Stat3 as upstream activalor.

oif- colorectal cancer up MicroRNA expression profiling

1% of exfoliated colovocytes
iselated from feces for colorectal
CANCET SCIeRIing,

- esophageal up

19 squanous cell

carcinoma
ix- gastric cancer up MiR-19a/ modulate the
1% asis of gastric cancer cells
ing the tumonr
or MXDE

wir- up MictoRNA-193/b regulates

19 nmusktidrug resistance in huvian
gastric cancet cells by targeting
PTEN.

foir- glioma up miR-19a and miR-19b

1% Gverexpression in Gliomas.

- up A polycistionic microRNA

1% cluster, miR-17-92, is
overexpessed in huvian tung
cancers and enhancss cel
proliferation.

wir- bing cancer up Apoptosis induction by antisense

1% oliganuclectides agatnst miRk-
17-5p and (iR -20a in long

cers cverexpressing mik-17-

92.

foir- hing canoer up MicroRNA miR-17-5p is

1% overaxpressed in pancreatic
cancer, associated with a poor
prognosis, avd involved in
cancer cell proliferation and
invasion.

wir- wianite cell up The mRNA-17792 cluster

1%

Iymphoma

mediates chemoresistance and
anhances tumor giowth in
mantle c2li lynphoma via
PI3K/AKT pathway activation.
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- wiedubo-biastoma up The miR-17/92 polycistron is
19 up-reguiated w sovic hedgabog-
driven meduliobiastomas and
induced by Nty ¢ in sonic
hedgehog-teeated cerebeliar
neural precursors.
ix- GSLEC-5areaima up Upreguiation of microRNA-17-
1% 92 closter associates with tumor
progression and prognosis in
OSteOsarcoma.
bladder cancer down pression of mictoRNAS in the
Urine of Patients With Bladder
Cancar.
ir- breast cancer up Direct targeting of Sec23a by
200a miR-200s influences cancer cell
secietome and promotes
metastatic colomzation.
- broast cau up MictoRNA-200a Promotes
2003 Anoikis Resistance and
Metastasis by Targeting YAPI
in Human Breast Cancer.
ix- breast cancer down | muicrcPRNA-200a Inhibits Call
200a Proliferation by Targeting
Mitochondrial Transcription
Factor & to Breast Cance
esophageal adenc up Gastsic adenocatcinoma bas a
CAFCINGING unigue microRMNA siguatire not
pregent in esophageal
adencoarcinoma
ix- esaphageal cancer up Differential expression of
200a miRNAS in esophageal cancer
tissue.
fmix- Gp miR-200a/miR-141 and unk-

205 upregnlation wight be
assaciated with honmone
raceplor status and prognosis in
endometeial carcinomas.
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gastric adeno-
CACINGING

dowin.

Downregnlated sucroRNA-2002
promotes EMT and fuvior
arowth thoough the wat/beta-
catnin pathway by targeting the
E-cadherin repressors
ZEBY/ZEB? in gastric
adenocarcivgma

PCT/US2017/015417

foir-
200a

oastic
adenocarcinoms

down

Gastric adenoccaminoma hasa
unigque nictoRNA signatuie not
presest tnesophag
adenocarcinoma.

glioma

dowin.

MIR-Z00a impairs ghic
growth, migration, av¢
by targsting SIM2-s.

v Asion

ix-

200a

hepato-cellular
CANCLNG LA

down

The histone deaceiylass
4/SP1/microina-200a regulatory
network contributes to aberrant
higtone acetylation in
hepatoceliular carcinoma.

hepato-cellislar
CATCINOIMa

dowin.

The soicroRNA
potential diag:
hepatocelintar carcinoma?

~cetilar
CArCnNCna

dowo

mik-200a suppresses cell
goowtih and migration by
targeting MACCI and predicts
ocellislar

CArCHOING

dowin.

MictoRNA-200a suppresses
metastatic potential of side
population cels in huwan
hepatccelhular carciocma by
decreasing ZEB2.

hing adeno-
carcinoma

down

miR-200 Inhibits long
adenocarcincroa cell invasicn
and mnetastasis by targeting
Fl3/NVEGER].

ix-

200a

malignant
melancina

up

MicroRNA-200 family wembers
differeatiably r2golate

moiphol
mode of melanom
1VASIOT.
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WISHINIOA down | Dowuregalated ticroBNA-200

200a in meningiomas promotes twor
arowth by reducing E-cadherin
and activating the Wat/bela-
calenin signaling pathway.

ix- masen-chy tmal down | MicroRNA Expression Pifiles

200a Lancer in Kaposi's Sarcoma.

- sow down | unR-2003 inhibits tumor

200a pwolifesation by tatgating AP-27
in revrcblastoma calis

mii- mall cell tung | up MiR-200a enbances the

2002 cancer migrations of AS549 an
MES-1 calis by regulating the
expression of TSPAN].

wir- OVarian cancer up Upsegntation of mictoRNA-

2003 2003 associates with fumor
proliferation, CSCs phenotype
and chemosensitivity it ovarian
cancer.

foir- ovarian cancer down S

200a
QVATIAN CANCEY.

fmix- pancreatic ductal down | NMDRB-92 Intubits Pancreatic

200a adenn-carcinona mor Xenograft Ciowth via
DCLE1-Deperndent Machaniso.

ix- renat cell carcincma | down | Tumor suppressive micioRNA-

200a 2003 inkabits renal cell
carciotsa development by
directly tatgeting T 2.

foir- astscytoma down | Prognostic vahie of coexistence

200b of abnonmal expression ¢
micro-RINA-200b and cyclic
adenosing woenophosphate-
responsive elament-binding
pirotein 1 in fuman astrocytoma.

wir- bladder cavcer dowo | Expression of viicroRNAg in the

200b Urine of Patients With Bladder
Cancer.

ir- breast cancer up Direct targeting of Sec23a by

200h

miR-200s influsnces cancer o2l
sectetome and promotes
metastatic colonization.
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Lroast cancer down | Regulation of the MicroRNA.
2006 (MIRNA-2006) by
Transcriptional Regnlators
PEAS and ELE-1 Protein
Affects Ex;
Protein to
ir- breast cancer down iP-200k as a pognostic factar
200b in breast cancer targets mmitiple
meinbers of RAB family.
1angio- dowin.
CATCINOIMa
holangincarcinoma
menriganesis and metasiasis.
colorectal cancer up muctoRNA-2005 and
microRMA-200¢ pramatie
colorectat cancer call
proliferation via fargeting the
ICVersion-i Qine-rich
paotein with Kaza) mouifs.
foir- andoroeinal cancer up MicroRNA-200b s
200b overexpiessed in endometeial
adenocarcivewas and enkances
MMP2 activity by
downregulating TIMP2 in
an endometrial cancer cell
HEC-14 cells.
ix- esaphageal down | miP-200b supprasses
200b squamons cell inv ness and modulatas the
carcinoma it adhesive
ophageal
1. carcinoma calis
via targating Kindlin-2.
fmix- gastric cancer up MicroRMNA-200b Regulates Cell
200h Protiferation, Invasion, avd
Migration by Directly Targating
ZEB? in Gastric Carcincroa.
ix- gastric cancer down | miR-200b and miR-200c as
200b E actors and mediators
cancer cell
i glioma down | muiR-200b as a progrostic factor
200b targets muliple mesobers of
RAB famiy in glicwa
wir- glioma dowo | Decreasad expression of

200b

mictcRNA-200b is an
independent unfavarable
progaostic factor for glioma
patients.
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glioma down | [unB-200b suppresses glioma

200b cell invaston by targetiog
PROM

roir- hepato-celllar dowa | The mictoRNA-200 family-A

200b CAICINCMa potential diagnostic marker in
hepatoceliutar carcinona?

i~ down | unR-200 Inhibits lung

200b adenocarcivewa cell mvasico
and metastasis by tacgeting
FREVEGERL

mir- up ¢ amily wembers

200h welanona differentiably reguolate
morphologicat plasticity and
mode of melancroa cell
IVASIOn,

ix- mesenchymal down | MicrocRNAE

200b Lancer in Kaposi's Sarcon)

- ryigeal dowin. b Suppresses Cell

200b CALCINGING f, Migration and [nvssion
by Targeting Notchl in
MNascopharyngeal Cawinoma.

fmix- OVatian cancer down | A miR-20C mictoRNA chuster as

200 pregnostic markes in advanced
OVATIaN Canoer.

ix- pancreatic ductal down | XMDE-92 [nhibits Pancreatic

200b ad=no-carcinoma Tumor Xenograft Growih via
DCLK -Dependent Mechanism,

mig- prostate cascer down | miR-200b suppresses cell

200 preliferatics, wigation and
enhances chemosensitivity in
prostate caucer by regulating
Boi-1.

foir- prostate cancer down | miR-200b inhibits prostats

2008 carcer EMT, growth and
metastasis.

roir- tngue Cancer dowa | MiR-200b and wiR-15b regulate

200b

chemotherapy-induced
epithelial-mesenchy mal
transition in Jnunan tongue
cancer cells by fargsting BMIT.
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bladder caucer down | Expression of uucroENAs in the

200¢ Urine of Patients With Bladder
Cancer.

ir- breast cancer up Direct targeting of Sec23a by

200c miR-200s influences cancer cefl
secietome and promotes
metastatic colomzation.

- broast cai down | MiR-200¢ suppresses TGE-7

200¢ sigoaling avd counteracts
trastuzumab resistance and
metastasis by targeting ZNF217
and ZEB1 in breast cancer.

roir- cholangio- dawa | Direct targeting of

200¢ CAICINCMa SUZI2/ROCK? by mdR-200b/c
infubits cholangiocarcinoma
tmourigenesis and we

- colon canoer down | mnuR-2 invagion and

200¢ migeatios in huwnan colon cances
cells SW4R0/620 by targetivg
ZEB]

mir- colon cavser up The toles of nuR-200¢ in calon

200¢ cancet and associated smolecular
mechanists

- colorectal cancer dowin. inhibits invasion and

200¢ migration in huinan colon cances
cells SWAEQ/620 by targetiog
ZEB]

ix- cnlorectal cancer up MicroRNA-200¢ modulaies

200c epithelial-lo-roesenchy mal
wansition (EMT) in human
colorectal cancer metastasts

fmix- colorectal cancer Gp Plasros miR-200c¢ and miR-18a

200¢

as potential biowarkers for the
detection of colorectal
CArcincroa.
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colorectal cancer

csoRNA-200h and
mictoRNA-200¢ promote
calorectal cancer cell
proliferation via targeting the
reversion-inducing cysteine-rich
protein with Kazal wiotifs.

PCT/US2017/015417

ix-

200¢

endometrial canoer

up

The interactions betwesn
MicroRNA-200¢ and BRD7 in
endowmstsial carcinoma.

dowin.

unR-200b and miR-200c
proguostic factors and vie
of gastric cancer cell
pmgression

ix-

200¢

o astri

A
o

ANCET

down

The downegulation of miR-
200¢/141 promotes ZEB1/2

[ o and gasidc cancer
progression

head and neck
squamons cell
CAICINCMa

down

MicroRNA-Z00¢ attevuates
tmour growth and metasiasis of
presurptive head and neck
squamous cell carcinoma stem
cells.

foir-
200¢

-Geltniar
carcmonma

down

miRk-222, avd miR-227
patents with hepatoceltular
carcincroa of intrahepatic
cholangiocarcinoma and s
POERO

foir-
200¢

down

Exprassion Profile of
MictoRNA-200 Family in
Hepatocelbslar Carcinoma With
Bile Duct Tumer Threwbus

hang adeno-
carcinoma

down

miR-200 Inhibits long
adenocarcinoma cell invasion
and metastasis by targeting
Fri/VEGFRI

foir-
200¢

mabigrand
mslanoma

up

MicroRNA-200 faroily members
differentiaily regulate
moxphological plastic
made of melavowa cell
invasion

119




WO 2017/132552

PCT/US2017/015417

wialignant down | Differential cxpression of

200¢ melancima mictoRNAs during welanoma
prograssion: miR-200¢, miR-205
and miR-211 are downregelated
in roelanoma and act as tmour
SUPPIESSOrS.

ix- malignant down | muiP-200¢ Inhibits Melanoma

200¢ melanocny Progressicn and Drog Rasistance
through Down-Regulation of
Bmi-1.

- wialignant down | unR-200¢/Bmii axis and

200¢ melancima epithelial-wesen
transition contribu
resistance o BRAF inh
ireatment.

foir- mesei-chy mal down | MicroRNA Exprassion Profiles

200¢ caneer in Kaposi 4.

- uon-small cell luug up Expiession of microENA miR-

200¢ cancer 326 and wik-200¢ is iated
with progoosts iv patients with
non-small cell tung cancer.

foir- oof-smabl cell lung | up High expiession of serom miR-

200¢ caneer 21 and tusaor miR-200¢
associated with poot prognosis
in patients with bing cancer.

fmix- OVatian cancer down | A miR-20C mictoRNA chuster as

200¢ pregnostic markes in advanced
OVATIaN Canoer.

foir- ovarian cancer down | Restoration of miR-200¢ (o

200¢ ovarian cancer reduces tumor
burden and ing eusitivity
10 pachitaxel.

fmix- OVatian cancer up Diffe RNA

200¢ expre; rees and cell

type-specific asscciation with
Taxol msistance in ovarian
cancer cells.
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Gvarian cancer

unR-200¢ modulates ovanian
cauncer cell metastasis potential
by targeting zing finger E-box-
binding homecbox 2 (ZEB2)
SXDIESSION.
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pancraatic ductal
adeno-carinoma

down

XMDR-92 Inhibits Pancreatic
Tumor Xenogoaft Growth via
DCLKI-Dependerd Mechanism.

rectal cavoer

up

The gquantitative avalysis by
stem-foap real-time PCR
revealad the mictoPNA-343,
micrcRNA-15S5 and mictoRNA-
200¢ oversxpression in human
colorectal cancer.

carcmenma

down

miRNA profiling for cleaar o2il
renal cell carcinoma: biomarker
discovery and identification of
potential contrals and
consequences of MIRNA
dystegidati

wenal clear cell
CAICINCMa

dowo

CGenome-wide mictoRNA
exprassion prafiling in renal cefl
carcincroa. sigaificant down-
regulation of niR-141 and k-

200¢.

follicular
Iyoiphcwa

dowin.

Targel profiling, pathway
analy: d genstic association
study impticate miR-202 in
Iymphowmagenesis

bepato-celbyiar
CAICINCMa

dowo

MmiR-202 suppresses cell
pmliferation in bumao
hepatoceliuar carcinoma by
downieg LEPS npost-
PARSCIY

colorectal
carcinoma

down

MicroRMNA-2Z0
Protiferation by Targeting
Ribosylation Factor-like 5
Human Colorctal Carcinona.

o astri

A
o

ANCET

down
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basal cell down | MicroRNA-203 functiovs as a

Carcinoma fumor suppressor in basal cell
carcinoma.

bladder caucer dows | microRNA-203 suppresses
bladder cancer development by
mpimssing bel-w exprassion

bladder cancer down | Curcuroin modudatas
microRNA
regulation of the 3rc-Akt axis in
bladder cancer.

bladder cancer up Micro-RNA profiling tn Kidney
and bladder cancers.

breast cancer up Anti-miR-203 Upregulaies
SOCSE3 BExpression in Breast
Cancer Cells and Eohances
Cisplatin Chemosensitivity .

cervical cancer down | miR-203 Suppresses Tumor
Growth and Angiogenesis by
Targeting VECGFA in Cervical
Cancer.

cervical cavcer down | BANEL [s Dowwegnisted by
RE-Reglated MictoRNA-203
in Cervicat Cancer.

colorectal cancer up Association of microRMNA
exprassion with microsaiellite
instability status in colorestal

colorectal cancer dowin.

Upregulation in
Cances and s Oveo
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esophageal adeno- dowin. ing the Unigue
CATCINOIMa Signatuee o Humao
Esophageal Adenocarcincama.
mir- esaphageal cancer up Alteration of mdRNA Exprassion
203 Correlates with Lifestyle, Soctal
and Environmental
Determunants in Hsophagea}
Carcinoma.
asophageal cancer dawa | MiR-203 suppresses tumer
growih and invasion and down-
regnlates MiR-21 gxpression
ng Ran in
icer.
foir- 2sophageal cancer down | miR-203 inhibits the
203 proliferation and sel-renewal of
cells by suppressiong stem
renewal facior Brmi-1.
mir- asophageal down | MicroRNA-203 iohibits cell
203 squamons cell protiferstion by repressiog
CAICINCMa TNpG3 expression in human
escphageat squatious cell
cascinoma.
foir- 2sophageal down | miR-203 is a Diract
203 squa cell Transoriptional " tof B2F1
CATCIROMM and Causes G} Awrest in
Esophageal Cancer Cells.
wir- glioma dowo | MicroRNA 203 Modwlates
203 Glioma Calt Migration via
Robol/ERK/MMP-9 Sigraling.
foir- hepato-celiniar down | miR-203 inhibits proliferation of
203 Carcinema HCC cells by targeting swvivin,
1ir- up Effect of microRNA-203 on
203 fuinos growth in husoan
hypopharyngeal squamons cel}
carcinoma.
wir- kidoey cancer dowo | miR-203 inkshition of wenal

203

cancer cell prafiferaticn,
migration and iovasion by
targeting of FGF2.
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fmix- down | MIR-203 is dowure
203 latyngesl squavious
carcinoma and can Suppress
piroliferation and induce
apoptosis of tumouss.
foir- hing canoer down | miR-203 Suppresses the
203 Proliferation and Migiation and
Promotes the Ag is of Lung
Cances Calls by Targeting SRC.
ting cancer dowo | 'The expression and function of
203 mictcRNA-203 in lang carcer.
roir- maligrant down | Analysis of micioRNA-203
203 mslanoma function in
CREB/MITE/RAB27a pathway:
compartson between canine and
homan melanoma calls.
fmix- makignant down | MiR-203 iehibits melano
203 wielanoma poliferative
abilities by targetivg the
potycomb group gene BMIL
ix- malignant down | Anti-oncogenic MicroRMNA-203
203 welanona {nduces Sensscence by
Targeting E2F3 in Human
Melanowa Cells.
roir- maligrant dowa | MicroRNA-203 inhibits
203 mslanoma malignant melanoma cell
migration by targeting versican.
1ir- pancreatic adeno- up MicroRNA-203 expression as a
203 CAFCINGING marker of
SAFCIONA
mir- eatic cancer down | miR-203 tnhibits tumor celi
203 migration and iovasion via
caveolin-1 in pancreatic cancer
cells.
i pancreatic duclal op Circulating MictoRNAs in

203

ad=no-carcinoma

Serom of Human K
Gucogene Transgenic Rats With
Pancreatic Ductal
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mie- prostate cavcer down | MiR-203 dowu-regulates Rapla
203 and suppressas cell protifemation,
adhiesion and invasion in
prostate cancer.
1ir- prostat? cancer down
203
prostate can & metas
and tytosine kivase tahibitets
resistance
down | unR-203, a tumor suppressor
My 0SErcoma frequently down-wegulated by
promgier by penmettylation in
Rhabdoroy osarcomma.
mie- SOUAOUS down | MicroRHNA expression profi)
203 carinena of esnphageal cancer.
foir- squamous up Urdgee MicroRNA Expeassion
203 carcinoma Profiles in Cervical Cancer.
wir- wnal cedd carcinoma | up miR-20%3 regulates
2033 pooliferation, migration, and
apoptosis by targeting ghycogen
37 i husoan
renal cell carcinovia.
wir- gasttic cancer dowo | MiR-204 down reguistes SIRT'L
204 and reverts SIRT1-induced
epithelial-mesenchy roal
transition, anoikis resistance and
invagsion in gastric cancer cells.
foir- glioma down | Loss of miR-204 expression
204
wir- oiadignant dowo | Regulatico of cancer aggressive
204 melanoma features to melanoma cells by

microRNAS.
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fmix- naso-pharyngeal down | Down-regulation of tnHNA-204

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

1ir- non-small cell long down | miB-204 Functions as a tomor

204 cancer suppressor by regulating SIXE
NSCLC

fmix- matl cell bung down | MiR-204 iohibits hunan

204 Cancer NSCLC metastasis thiongh
suppression of MUAK]

toir- 0SES0-SArCOMA dowa | MicroRNA-204 inhibits

204 ration, migraiomn,

ion and epithelial-

mesenchymal transition in
osteosarcoma celis via targeting
Sirtuin 1.

wir- prosiate up echanisws and i 15l

204 ces of PDIEF protein

esston loss during prostate

GANCer N0 gressio.

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

204 Carcinema suppresses tumor growth
thiough inhibition of LC3B-
medtated autophagy in renal
clear call carcing

mig- retino-biastoma down | MiR-204, down-regulated in

204 et stona, regulates
pwliteration and iwvasion of
human retinoblastoma cells by
targeting CyclinD?2 and MMP-9.

1ir- hepato-celhudar down | Growth inhibition of

204- CAFCINGING hepatocelinlar ma temor

3p endothelial cells by mil-204-3p
and nndestying wiechamsin.

colorectal ¢ up unR-204-5p ¢ STUTRTH

colorectal cancer:
associated gens.

an autopbagy-
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i~ colorectal cancer down | mR-204-5p lphibiis
teration and Invasion and
5p Enhances Chematherapenti
Seunsitivity of Colosactal Cancer
Cells by Dowraegulating
RABI2A.
foir- gastric cancer down | MicroRNA-204-Sp inhibits
204- gastric cancer cell prolifesation
Sp by downreguating VSP47 and
RAB22A.
rapidaty thyreid down | muR-204-3p suppr
04- Carcinoma prolifaration by inhibiting
D IGFBPS in papiltary thyroid
G108,
ir- bladder cancer up Micro-RNA. profiling in Kidney
205 and bladder cancers.
- bladder caucer down | Expression of uucroENAs in the
Urine of Patients With Bladder
Cancer.
wir- breast cavcer dowo | Suppresston of cell growtb snd
205 invasion by miR-203 in breast
cancer.
foir- breast canoer down | Analysis of miR-205 and miR-
205 155 expression in the blood of
bieast cancer ts.
ix- breast cancer down | miPNA-203 affects infilteation
205 and metastasis of breast cancer.
fmix- up Role of microRNAS -
205 135, -197 avd

binmarlkers in senun of braast

cancer famalas.
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cervical cancer up Serum intcroRNA-205 a5 2
novel bicwa 3
cancer patients.
- cervical cancer up unR-208 Expression Promotes
208 iferatt nd Migration
of Human Cervical Cancer
Cells.
oir- cervical squamous up miRMAS expression profiling to
208 cell carcinoma distingnish hing sqoamous-cell
carcincroa from adencoarcinc g
subtypes.
endometrial canoer up unR-203 promotes tusnos
pwliteration and ivvasion
through targeting ESRRG in
endometrial caminoma.
wir- endeweisial cancer | dowo | MiR-2085 ishibits cell apoptosis
208 by targeting phosphatase and
tensin homolog deleted on
chiomosonie tes in endoimein
oif- 2sophageal cancer up
208 ¥
and BEnvironimental
Determtnants in Bsopbageal
fmix- esophageal caucer up miR-200a/miR-141 and uuk-
205 upreguiation vight be
assaciated with honmone
raceplor status and prognosis in
endouistsial carcinomas.
gastric cancer down | Down-regulation of MictoPNA-
205 promotes gastric cancert cell
proliferation.
glioma down | Identification of microR
205 as tential progn:
indicatot for lixman glioma.
fmix- glioma down | MicroRNA-Z03 functions as

2035

HIMOT SUPPTessor ta human
glioblastcma cells by targeting
VEGE
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hiead and neck
squarous cell
carcinoma

dowin.

'3 and mik-
are prognostic markers of head
and neck squarocos o2il
CAICInGEoa.
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roir- hepato-celllar dawa | MiR-205 modulates abnormal

208 CAICINCMa Iipid metabelism of hepatoma
cells via targetiog acyl-CoA
synthetase long-chain fanily
merher 3 (ACSLT) mBRNA.

foir- down | Hepatitis B virus X piotein

205 inhibits timor supp £ miR-
205 through. inducing
hypermethytation of mdR-205
promoter 16 anhance
CAICInG genesis.

roir- kiduey cancer dowa | MicroRNA-203 inhibiis Sro-

205 mediated cncogenic pathways in
renal cancer.

{aryngeal squamious | down | MicioRNA-205 suppresses
cell carcinovia pwliteration and promotes

apoptosis in Jatyngeal squamons
cell carcinoma.

foir- hing canoer up Evaluation of dynamic change

205 m niR-2{ and miR-24 in
pre- and post-operative fong
Garcioea patients.

i~ up unR-208 regulates A549 cells

20 prohiferation by targeting PTEN.

i malignant down | miRNA-205 soppresses

205 melanoms cell pro ion and
indices senescence via
regulation of E2F1 protein

fmix- makignant down seeof

203 welatona microRMNAs during melanowma

pmgression; miR-2{0¢, miR-203
and miR-211 are dowraegulated
in mefanoma and act 2s tumoer
SUPPIESSOs.




WO 2017/132552

PCT/US2017/015417

wialignant dowin. cally Modified Synthetic
melanoma ORNA-203 Inhibits the
Grawth of Melanoma Cells To
Vitzo and In Vive
mie- ~smatl cell tung | up gaostic value of manse
205 cancer microRMA-21 and micioRMNA-
203 overexpassion in non-small
cell long cancer by (uantitative
real-time RT-PCR.
foir- oof-smabl cell lung | up miR-205 promotes the growtk,
203 caneer chemoresistance
Is by targetiog
Gvarian cancer up The role of miR-205 inthe
VEGKE-madiated prowotion of
human cvarian cancer cell
invasion
wir- prosiate dowo | miR-203 55 freguently
205 downregulated in prostate cancer
and acts HOMOX SUPPTESSOr
by inhibitiong tum wih.
- prostate cancer down | Polycomb protein EZH2
208 suppresses apeptosts by
silencing the proapopiotic k-
31
foir- prostale cancer down | MicroRNA-Z05 inhibits cancer
205 cell migration and {nvasion via
modulation of centicmere
pretein ¥ regulating pathways o
prosiate cancer.
fmix- prostate caucer down | Downregulation of tnB-208 and
2035 miR-3 1 conders resistance 1o
chematherapy -induced apopiosis
in prostate cancer cells.
wir- dowo | Epigenstic-induced wepwession of
205 mictoPNA-205 is associated
with MED activation and a
pocter progoosis in localized
piostate cancer.
prostat? cancer down

205

MictoRNA-205, a novel
reglator of the anti-apoptoti
protein Bel?, is downregniated
in prosiate cancer.
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tenat coll carcinoms | down | miRNA-205 Is a Candi
Tumor Suppressor that Targets
ZER2 in Renal Cell Caminoma.
foir- squamous down | MicroRNA expression profiles
205 carcinoma of ssophiageal cancer.
ix- non-small cell tong | up Relative expressions of mil--
205- Lancer 205-5p, miR-205-3p, and
2%in T of non-
simall cell lung cances patients.
uon-small cell luug up Relative expressions of muR-
cancer 205-5p, miR-2035-3p, and mik-
21 in tissues and serum of non-
simail cell hung cancer patients.
wir- breast cavger dows | mik dowo-regulated ©
206 breast cancer and inhibits cell
proliferation through the up-
regulation of cychlinb>Z.
- clear cell venal cell down | Explonng the miBRNA-mRNA
206 cancer regutatory vetwork o clear cell
renat cell cawinomas by nest-
genaration sequencing
axpression profilas.
wir- colorectal cancer dowo | microRMA-Z06 atienuates fuwiot
206 pmliferation and migeaticn
2 the downregidation of
<
i gastric cancer down | MicicRNA-206 suppresses
206 gasiric cancer cell growth and
metastasis.
wir- gasttic cancer dowo | Activation of PAX3-MET

206

pathways due to tuR-206 lass
proasies gastiic cancer
metastasts.
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down | MiR-206 inhibits gastnc cancer
206 puwolifesation in patt hy
mpimssing CvclinD?,
ix- gastric cancer down | Downregulation of miicroRNA-
06 206 i enl PIogNOoStic
tients with gastric
cancer.
roir- hepato-celllar dawa | MicroRNA-206, down-regulated
206 carcinena in hepatocellular caminoma,
soppresses cell profiferation and
promotes apop
o-celiular down | MicroRNA-206, down-regiiate
206 in hepatocetlodar carcinoma,
suppresses ceil proliferation and
PIGIOGISS APOPLOSIS.
foir- down | Dowa-regulation of MiR-206
206 promotes proliferation and
invasion of laryugeal cancer by
regulating VB expression.
foir- down | MicroRNA-206 induces Gl
206 arrest in melanoma by inbibition
of CDK4 and Cyclin D,
fmix- medillc-biastona down | MiR-206, a Cerchelluin
206 nriched tiERNA TS
Downregulaied in All
Medulloblastoma Subgroups and
O 101 [s Necessary
- Growth Inbibition of
Medulloblasioma Calls
1ir- sral sqoamons cell down | MiR-206 functions as a tumor
206 CArCINCING suppressor and directly targets
K-Ras in buman oral squamons
cell carcinoma.
fmix- esophageal up Mir-208 promotes cel}
208 sguamons cell preliferstios by epressiog
Carcinema SOX6 expression o hyman

esophageal squamous cell
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fmix- acute myeloid down F-17 downregulates miR-
205 lenkemia U3 direcily targeting p2}
and 5TA. arole in myeloid
ieokenic cell differentiation.
foir- b-cell bymphoma up MicroRNA miR-17-5p is
203 overaxpressed in pancreatic
cancer, associated with a poor
prognosis, avd involved in
cancer cell proliferation and
wir- breast cavcer up rential of PTEN-
202 rargeting miP-214 in the blood
of bisast cancer patients.
fmix- ast cancer up MicroRMNA expiession profiles
20a in furas breast cances ce
after multifraction and single-
dose radiation weatment.
1ir- breast carcinoma up MIR-53 enhances angiogenssis
202 stasis by targeiing
cesvical cancer up miR-20a promotes wigiation
and invaston by wegulating
TNKS2 in human cervical
cancer cells.
- cervical cancer up Cimculating miRNA-202 and
203 B NA-203 for Scieening
Lymph N k
Stage Cewv
cervical cancer up MiR-20a promotes cervical

cancer pioliferation and
metastasis in vitee and in vivo.
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cholangio- up unR-17-92 cluster promotes
i0a CALCINGIMa cholangiocarcinoma growth:
avidence for PT] 5
downstiearm target and IL-
6/Stat3 as upstream activalor.
ix- cnlorectal cancer up MicroRNA. sigoatures: navel
20a biomarker {or colorectal cancer?
colorectal cancer up MicroRNA expiession profiling
of sxfoliated colonocytes
iselated from feces for colorectal
CANCET SCresning.
ir- esophageal up
20a squamons cell
carcinoma
- esophageal up Expression of cironlating
202 squanous cell mictoRNA-20a avd let-7a n
carcinoma esophageal squamous cell
carcinoma.
ix- gastric cancer up Involvement of miP-20a in
20a Promoting Gastric Cancer
Progression by Targeting Easly
Growth Response 2 (EGR2).
fmix- glioma up {Expression of miR-204 in
20a buman ghicwa tissues and its
effact on the proliferation of
human glicma ceils in vitro].
ix- hepato-cellular down | Decrease expression of
20a carcino g micioRNA-20a promotes cancer
cell profiferation and pradicts
survival of hepatocellular
carcivoma
1ir- hepato-celhudar up MiR-20a Induces Cell
202 CAFCINGING Jating

N/P(3X/AKT Signatiog
Pathway in Hepatocstintar
Carcinoma.
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202

fung

o
&
&
I
1

MicioRNA sB-17-5p s
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
closier, miR-17-92 is
overexpiessed in buian king
cancers and enhances cell
prolifaration.

-

202

fung

e}
1
@
41

up

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

ix-

malignant
melancina

up

Alterad expression of selected
microRNAS in melanctna:
antiprodiferative and
poapoeptotic achivity of miRNA-

-
202

wialignant
melanoma

dowin.

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

wir-
202

wianite cell
Iymphoma

‘The mRNA-17792 cluster
mediates chemoresistance and
ephances temor growth in
mantle cell lyuwiphowa via
PBI/AKT pathway activation

wiedubo-biastoma

The miR-17/92 po
up-regulated in sonic b
driven medulioblastomas
induced by Ny ¢ in sonic
hedgehog-teeated cerebeliar
} DEECHISOrS.

cdgebiog-

d

RASC-]
cancer

haryngeal

up

Cireniating maR-17, miR-20a,
miR-29¢, and miR-223

Corabined as Non-Ire
Biowmarkers in Nasophs

1ir-
202

Gsteg-sarcoma

up

o of roicroRNA-17-
sociates with tumor
106 and prognosis in
Osteosarcoma.

wir-
202

OVarian cancer

miR-20a prosotes proliferation
and invaston by targating APP in
human cvarian cancer cells.
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Gvarian cancer up Gvarian tumor iated
mictoRNA-20a decteases
namral ki yiowaxicity by
downregutating MICA/B
SXDIESSION.

pRuEtacy carcinnma up MicroRNA involvement in a
metast noo-functioning
piteitary carcinoma.

oif- DIoStale canser up miR-20a promotes Prostaie

205 € - invasion and migration
thiough targetiog ABL2.

ix- cnlorectal cancer up Asscciation of mictoPNA

20a- axpression with microsatellite

Sp instability status in colorectal
adenacarcivema

- broast cau up MicioRNA-20b promotes cell

20b growth of breast cancer ceils
paitly via targeting pbospbatase
and tensin hormologae (PTEN).

wir- ~cetilar up Crucial Role for Early Crowth

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

fmix- adsenal cortical up of mictoRNA

21 carcinoma deregilation in the patbogevests
of adrenocortical carcinoma.

foir- breast canoer up Next-generation sequenciog of

21 microRNAs for breast cancer
detection.

wir- breast cavcer up Quantitative Measurement of’

21

Seruro MicroRNA-21
ation to Breast
in Chinese
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breast caucer

Diaguostic potestial of ¥
fargeting miR-214 ta the blood
of bisast cancer patients.
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breast canosr

Tissue specific expiassion of
extraceibular microRMNA in
human breast cancers and
normal husan breast tissue in
vivo

Differential expiession of mil-
21, w b aod mik-193 in
breast cancer tissue.

breast canosr

BMP-6 inhibits microRNA-21
exprassion in breast cancer
through repressing deliaBEF1 and
AP-f.

breast cau

Circulating microRNA-92a and
mictoRNA-21 58 novel
mtrmally invasive bicinarkers
for primary breast cancer.

breast cancer

up

Up-reguiation of mik-21 by
HER2/neu signaling promotes
cell mwvasion.

breast cau

The Regulation and Function of
miR-21-FOX033-miR-34b/c
Siguating in Breast Cancer.

breast canoer

up

MicroRMNA-21 reguldates breast
cancat mvaston pattly by
rargeting tissue inhibitor of
metalioproteinase 3 exprassiof.

breast cancer

up

Combination of miB-21 with
Cizculating Tumor Celis
Markers Iinprove Dnagn
Specificity of Metastatic Breast
Cancer,

cervical cancer

up

Overexpression of miR-21
prewetes the proliferatios and
migration of cervical cancer

cells via the inhibition of P

[y
A

]
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- cervical carcinoma up MicioRNA-2{ promotes cell
pwliferation and down-regulates
the expression of programuned
cell death 4 (PDCD4)y inHela
cervical carcinoma cells.

ix- cholangic- up MicroRNA-21 is overexpressed

1 carcino g in hutran cholangiocarcinoma
and regulates programimed cell
death 4 and tissne inbibitor of
metaliopiteinase 3.

1angio- up PTEN aund PDCD4 aie bona fide
CACINGING rargets of microRMNA-23 in
human chalangincarcinama.
cholangio- up miR-21 Targets 15-PGDH and
Carcinema Proimotes Chelangicoarcinoma
Growth.

- cholangio- up k-2 1 Inhibition Reduces

21 CACINGING Liver Fibrosis and Prevents
Tumor Development by
Inducing Apcptasis of CD24+
Progenitor Cells.

ix- cnlon cancer down | miP-21 and mik-145

2 coopetation in regutation of
colon cancer stewn cells.

wir- colorectal cancer up Expression of miR-21, wik-31,

21 iP.-96 and mik-1356 is
corelated with the clinical
parameters of colorectal cancer.

mig- coloiectal cancer up MiR-21 regulates biological

21 bebavior through the PITEN/PLE3
K/Akt signaling pathway in
human colorectal cancer cells.

ix- cnlorectal cancer up MicroRNA. exprassion prafiling

of exfoliated colonccytes
isclated from feces for colovectal
CANCES SCICORInG.
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colorectal cancer

Circulating Exosomal
mictoRNAs as Biomwatkews of
Colon Cancer.

PCT/US2017/015417

colorectal cancer

up

Detection of miR-92a and mik-
21 is stool samples as potential
screening biowadsets for
cokorectal cancer and polyps.

colorectal cancer

Correlation of on TGS
of mik-21 a
human celorectal cancer with
clinical stages

colorestal cancer

{ncreasad expression of
mictcRNA-21and its association
with chemotherapeutic response
in human colorectal cances.

colorectal cancer

up

MicroRNA-21 conticls hTERT
via PTEN it human colorectal
cancer cell profitevation.

wir-
21

colorectal cancer

up

Clnical correlations of miR-23
exprassion in colorectal cancer
jat and effects of its
inhibition on DLDA colon
cancer cells

solorectal
carcinoma

up

Altered levels of the onco-
ancroRNA 21 and the tumor-
supressor sncroBNAs £43 and
145 in advanced rectal cancet
indicate successful necadjuvant
chemoradiotherapy.

wir-
21

Jiffuse large B-cail
Iymphoma

Gwhibition of miR-23 Induces

Biological and Bebavioml

Alterations in Diffose Large B-
ell Lymphoma.

andoroeinal cancer

up

Highly increased maspin
exprassion cotresponds wik up-
regulation of niR-21 in
endovietsial cancer: a
preliminary mpor.

esophagesl cancer

up

The expression of miR-21 and
miR-373 predict pingoosis of
esophageal cancer.
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esophageal cancer up Diaguostic values of salivary
versus and plasma wicsoRNA-
21 for eatly esopbageal cancer]
escphageal cancer up Aleration of mIRNA Expression
Correlates with Lifestyls, Social
and Ervironimerdal
Determnants in Esopbageal
Carctnoma.
escphageal up miR-21 Down-Regulaticn
squartous cell Suppresses Cell Growth,
CANCLNG LA Invasicr and Induces Cell
Apoptosis by Targen )
TIMP3, and RECK
i Carcinonia
esophageal up Expiession of microENAs in
squarous cell squaous ceil carcivoma of
Carcinoma human head and neck and the
esophagus: wik-20% and mP-71
are specific markers for HNSC:
and ESCC.
2sophageal up MicroRNA-21 promotes the
squarmnons cell proliferation and inhibits
CAFCINGING apoptosis i 109 via
activattng ERKI/2/VAPK
pathway
esophageal up Reistionship between aliered
squatrous cell expression levels of MIR21,
carcino g MIR143, MIR145, and MIR205
c featues of
esophageal squamous cell
carcioemwa
esophagesl up
squamons cell ction of miR-21 in
CAICINCMa Esophageal Squamaons Cell
Carcinoma.
esaphageal up Circuiating microRNAs in
squamons cell plasma of paitents with
Carcinema onsophageal squamous ocell
car .
2sophageal up Down-Regulation of PTEN
squatnons cell Expression Modolated by
CACICING nilated mif-2 1

Contelbutes to the Piogression of
Esophageal Carcer.
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- esophageal down | Serusn microRNA-21 s a novel
21 squanous cell biomarker o patienis with
carinena ascphageat squamous cell
Carcinona.
mir- asophageal up Clinical ioipact of seruo
21 squamaons call axnsomal microRNA-21 as a
CAICINCMa clinical biomarker in human
escphageat squatious cell
cascinoma.
i gastric cancer up Oxidative Stress Upregulates
21 PDCD4 Expression in Patients
with Gastric Cancer via miR-21.
mir- gastric cancer up mictoRNA-2T promotes fuwer
21 proliferaticn and invasicn in
gastric cancer by targeting
PTEN.
foir- gastric cancer up Evaluation of MicroRMNA
21 Expression Pattern of Ga
Adenocarcinotia Associated
with Socioecononic,
Environmenial and Lifestyls
Factors in Northwestemn
Hungary.
ix- gastric cancer up MicroRNA-21 inhibiis Serpinil,
1 a gene with novel tumow
suppressive effects in gastric
cancer.
foir- gastric cancer up MicroRNA-21 stiomslates gastric
24 wih and invasion by
MESSOr
programuied celd death
and phosphatase and
tensin hotnolog,
wir- gastric cancer up MmiR-21 plays a pivoisl role in
21 gastric cancer pathogenesis and
progression.
1ir- gastric cancer up wmiR-21 Is a Promising Novai
21 Biomarker for Lymph Node
Metastasis in Patienis with
Gastric Cancer
ix- gastric cancer up Steomal miR-21 is more

21

important than mik-21 of
tmour cells for the progiession
of gastiic cancer,
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fmix- gastric cancer up Circuating mictcRNAs i
21 plasta of patievis with gasiric
cancers.
foir- gastric cancer up Plastoa mictcRNAs, miR-223,
21 miR-21 and miR-218, as covel
potential biowarkers for gasiric
cancet d i
i gastric cancer op 2 gasteic
21 wietastasis
by tatgeting huwet suppressor
EPB41L3.
ix- gastric cancer up Prognostic impact of circulating
21 miR-21 inthe plaswma of patients
with gastric
i glioblastoma up Heterogencous Noclear
21 Ribonucleoprotein C1/C2
Contwols the Metastatic Potential
of Glioblastoma by Regulatiog
PDCD4.
wir- gliohlasioma up Sutforaphane enhances
21 remozolomide-induced apoptosis
due o downregulation of rdR-
21 via Wat/beta-catenin
sigualing in glioblastoma.
1ir- glioblastoma up MictoRNA-21 targets LRRFIPL
21 and contributes to VM-26
¢ in glioblastoma
nmudtiforme
glioblastoma up
1 downreguiation of miR-21: new
insights into PDGF sigoaling in
glioblastoma.
1ir- glioblastoma up Downregolation of miR-21
21 inkibits EGFR pathway and

suppresses the growth of haman
glioblastoma cells independent
of PTEN status
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glioblastoma

Expression of 19 microRNAs in
glioblastoma and comparison
with ather brain neoplasia of
grades LI

PCT/US2017/015417

glioblastoma

up

Co-delivesy of as-wik-21 and 5-
FU by paly (amidoamine)
dendrimer attenvates human
glioma cell growth tn vitro.

glioblastoma

up

MictoRNA-21 Promoies

Glioblastoma Tumarigenesis by
Dow ng lusulin
ctor-binding Piotein-3

(IGFBP3).

glioblastoma

up

Downregulation of Pdedd by
mir-21 facititaies glioblastoma
pliferation in vivo.

slichiasioma

up

MiR-21 up-reguiation mediates
glicblastonia cancer sten celis
apopio ng pioliferation by
targeting FASLGL

Fi4

glioblastoma

up

MicroRNA 21 promotes glioma
invasios by targeting watnx
metalioproieinase regulaters

gliobiastoma

dowo

MictoRNA-21 ishibitor
seusitizes human glioblasioma
U251 stera celis to
chemotherapentic drug
temozolomide.

glioblastoma

up

Delivery of micicRNA-2{
aniisense-oligodeoxy nucleo
using amphiphilic peptides for
2liobiasioma gene therapy.

gliobiastoma

MictoRNA-21 targets o netwoik
of key tumor-suppressive
pathways in glioblastoma ceils.

head and neck
cancet

up

MicroRNA alterstions in head
and neck squamous cell
carcinoma.
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hiead and neck up {Expression of wir-21 and mir-
cancer 375 in laryogeal squamious cell
carcinemal
bead and veck up Chisterin [s a Geoe-Specific
squartous cell Target of microRNA-21 inHead
CANCLNG LA and Neck Sguamous Celt
Carcinoma.
head and neck up Co-targeting of mnitiple
1 squamaons call microRMAs on factor-inhibiting
CAICINCMa hypexia-inducible factor (FIH}
gene for the pathogenasis ¢
head aud neck carcinomas.
- head and veck up Low-level expression of
21 squartous cell mictcPNAs fet-73 and miR-205
CANCLNG LA are prognostic matkers of head
and neck sguamons cell
CATCINOIMA.
foir- head and neck up sioft of microRMNAs in
24 SQUAINGNS cell carcinoma of
CAFCINGING d and neck and the
mi and miR-21
are specific markers for INSCC
and ESCC.
bepato-celbyiar up Role of wiicroRNA-135 at early
Carcinema stages of hepatocarcinagenesis
induced by choline-deficient and
aniino acid-defined dist in
CSTBL/G mice.
- o-cellilar up MicioRNA-2{ promotes
21 CAFCINGING hepatoceliniar cascinoma HepG2
cell profiferation throngh
repression of mitogen-activated
protein kinase-kinase 3.
wir- bepato-cellislar up MictoRNA-21 promotes cell
21 CAICINCMa pmliferation in bumao
hepatoceliufar carcinoma partly
by targeting HEPNIL.
fmix- hepato-celludar up Circuiating mictoRNAs, unl-
2t cascinoma 2%, miR- and miR-223, in

patents with hepatoceltular
carcingroa of chronic hepatitis.
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hepato-celludar

down

on of serum mR-16,

E
21 carcinonma let-71, and midR-2} in patients
with hepatocellular carcinoma
and their clinical sign
foir- hepato-celiniar up Ardi-miR-21 Suppresses
21 carcinoma Hepatocellar Carcinoma
via Broad
wir- bepato-cellislar up
21 CAICINCMa
wiR-222, and ol
patients with bepato
carcioewa or ivirabiepatic
cholangiccarcinoma and its
PIogna
bepato-celbyiar up Dehydroepiavdrosterone-
CAICINCMa incuces miR-21 teanscription in
HepG2 cells through estragen
eceptor 7 and andicgen
receplor.
bepato-celbyiar up miR-2 1 Inbibitics Keduces
CACINGING Liver Fibrosis and Prevents
Tumor Development by
Inducing Apoptosis of CD24+
Progenitor Cells.
roir- hepato-celllar up miR-21 promotes migration and
21 Carcinema invasion by the miR-2
AP-1 feedbac i
hepatocelintar carcinoma.
fmix- hepato-celludar up ston of serum exosonial
21 carctooma microRMA-23 in buwan
hepatoceliar carcivewa
roir- hepato-celllar up Thyroid hormone regulation of

Carcinema

wiR-21 echances migration and
invasion of hepatoma.
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ato-cedlular up miR-23 expression predicts
carinena prognosis in hepatocellular
carcinoma.
hepato-celludar Gp MicroRMNA-21 suppresses PTEN
carcinoma and hSulf-1 expression aud
promotes hepatocelular
carcinema progression through
AKT/ERK pathways
bepato-celbslar up {ndole-3-carbincl intibiis
carcinoma of bepatoceliniar
carcincroa cells via soppression
of micioRNA-2{ and
upregiation of phosphatase and
tensin homoleg,
hivpo-pharyngeal up Altered Expression of niR-21
SQUAISUHS e and PTEN tn 3nman Laryngeat
Carcinoma and Hypopharyngeal Squamcos
Cell Caminomas.
kidney cancer up miR-23 dowuregulated TCE2
1o tohibit KISSI in renal cancer.
laryngeal up Reguiation of the cell cycle
carcinoma gene, BTGZ, by miR-21 in
homan larynge:
{aryngeal squaious | up Downregulation of miR-21
cell carcinowa modulates Ras expi
prowete apoptosis and suppress
invasion of Laryogeal squamous
cell carcinoma.
up Altered Expression of miR-21
and PTEN ir Human Laryngeal
and Hypopharyngeal Squamons
Celt Carcinomas
Giver cancer up microRMA 21-mediated

suppression of Sproutyl by
Pokeron affacts lver cancer
cell growth and prolifeation.
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fmix- hing cancer up Evaluation of dynaniic change
21 of seoim miR-21 and muR-24 in
pre~ and posi-operative lung
carcincroa patients.
ix- hung cancer up Differential MicroRNAs
1 Exprassion in Serom of Patisuts
with Lung Cancer, Pudmonary
Tubeiculosis, and Preusnonta.
foir- hing canoer up Exprassion and significance of
21 B NA-21 and BTG? in hung
cancer.
ix- malignant up mictcRNA-21 is upregulated in
21 melanoma maligeant melanoma and
influences apoptosis o
mekanccytic cells.
wdignant up 1 evhances melasowa
invasiv inbibition of
issue inhibitor of
metaliopioteinases 3 expression:
in vivo effects of MiR-21
inhibitor.
1ir- nmltiple myeloma up Integrative aralysis o
21 differential miBENA and
functional study of miR-21 hy
sead-targetivg inhibition in
multiple myeloma cells in
1esponse to berberine.
mir- naso-pharyngeat up Activation of miR-21 by STAT3
21 carcinoma Induces Proliferation and
Suppresses Apoptosis in
sopharyngeal Carcinoma by
argetivg PTEN Gene.
fmix- mabl cell lung | up High expies: of sefum mik-

24

caneer

21 and tusaor miR-200¢
associated with poot prognosis
in patiends with lang carcer.
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uon-small cell luug up Clinical evaluation of

21 cancer oRNA exprassion pi 2
in non small cell ung cancer

foir- oof-smabl cell lung | up Downregulation of microRNA-

24 caneer 21 expression testeains non-
smail celd hung cancer cell
proliferation and migration
thiough upregolation of
programmed coil death 4.

roir- oon-smatl celllnog | up {dentification of plastia

21 canver mictcRNA-21 as a biomarker
for early detection and
chemosensitivity of non-sniall
cell Jung cancer.

foir- oof-smabl cell lung | up Overexpression of miRNA-21

24 caneer promotes ra n-resistance of
non-small celt bing cancer.

1ir- non-small cell long | up Prognostic significance of serum

21 cancer miRNA-2 expression in huimnasn
nov-small ce8 hwg ca

mii- mall cell tung | up Let-7g and miR-2 1 expression in

21 Cancer nou-small cel} hmg cancer
Correlation with
clinicopathological and
molecular features.

fmix- nop-smatl cell lung | up {Overexpression of miR-21

2t Cancer prowetes proliferation and
reduces apoptosis in non-smatl
cell ong cancer].

1ir- non-small cell long up MiR-21 supprasses the

21 cancer anticasncer gctivities of curcismin
by tatgeting PTEN gene i
human non-smaii cell tung
cancetr AS49 ¢

mir- non-smatl cell twng | up Use of Luntnex. xMAP head-

21

cancer

based suspension array for
detecting microRNA e NSCLC
tissoes and its o i
application.
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uon-small cell luug up Alteration in Mir-2 £/
cancer exprassion modulaies gefitinib
msistanca in non-swmali coll lung
Gancer.
- uon-small cell luug up Prognostic value of mature
21 cancer mictoRNA-21 snd microRNA-
205 oversxpression in non-small
cell lung cancer by quantitative
real-time RT-PCR.
oon-smatl celllnog | up Readuciion of Plastoa
21 canver MicroRNA-21 is Asscciated
with Chemotherapeutic
Respons aticnts with Nown-
smalt Celt Liong Cancer.
mir- non-smatl cell twng | up MicroRNA-Z1 (miR-21)

1 cancer mgulates cellular profiferation,
invasion, migration, and
apoptosis by targeting PTEN,
RECK and Bel-2 in hung
SQUATHOUS carcinoing, Gejin
City, China.

- oral cancer up MicioRNA-2{ Promotes Oral

21 on via the
Witlbeta-Catewin Pathway by
Targeting DEK2

ix- oral squamans call up Relationship between

2 CANCLNG LA micrcRNA expression levels and

foir- oral squamnous cell up

21 carcinoma 34,
miR-184, s0d miR-205 16 oral
squamons cel} carcinoina snd
assaciation with

pathological

ir- OStEC-SArsoma up Identification of Serutm

1 MicroRNA-21 25 a Bicmarker

for Chemosensitivity and
sgnosis in Fuman
OSATCOIMG.
1ir- GStes-Sarcoma up GRNA-21 is involved in
21 oy cell inva

migration
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mir- 0stee-sarcoma up A thiee-plasma miRNA

21 signature serves as tovel
biomarkers for osteosarcoma.

1ir- Gvariain cancer up The inhibition of miR-21

21 prosactes apoptosis and
chemosensifivity in ovasian
canger.

foir- ‘pancraalic canoer up MicroRNA-21 is overexprassed

21 iR pa tic cancer and 4
potential predictor of survival.

- up

21
pancraatic cancer oells including
thetr proliferation, tovasion, and
chemoresistance.

roir- DROCT up MiR-21 upregulation tnduced by

21 adenc-carciroms promoter zone histone
acetylation is associated with
chemoresistance to
and enhanced malignancy of
panciaatic cancer cells.

- up } RNA-2L i pancy

21 adeno-carcinoma er: cotrelation with clivical
outcome aod pharmacelogic
aspects underlying 1ts roke in the
modudation of getncitabine

vity.
ix- pancreatic ductal up Moadulation of Fox(31
1 ad=no-carcinoma axpression by miR-21 to

promote growth of pancreatic
ductal adenocarci

- catic ductal up of mictoRINA-2 £

21 adeno-carcinona 105 and
increases cel} death by targeting
pwgrammed celb death 4
FDCD4) in pancreatic doctal
adenocarcinosng.

ix- pancreatic ductal up Interplay of miR-21 and Fox(O1

1 adeno-carcinoma modutates growth of pancieats

ductal adenocarcinoma.

- up

21

PRCOS avd TIMPS, in
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pancreatic ductal
adenocarcivoma

PCT/US2017/015417

fmix- pancreatic ductal up MiR-21, unR-34a, miR-198 and

21 adenn-carcinona miR-217 as diagnostic and
pmgrostic biomarkers for
chronic pancraatitis and
pancreatic ductal
adenocascitoma.

foir- atic ductal up MicroRNAs as diagnostic

21 carcinoms markers for pancreatic ducial
adenocascitiora and its
PIOCUISOT, PANCTEAtc
intraepithelial necplast.

fmix- up RNA-Z1 in P

21 adeno-carcinona Dictal Adenocarcinoma Tumor-
Asscciated Fibroblasts Promeies
Mztastasis.

wir- papiilary thyroid up Exprassion of miRMNAs in

21 Carcinema Papillary Thyreid Caminonas [s
Associated with BRAF Mutation
and Chlinicopathotogical Features
in Ch

1ir- papillaty thyrcid up MictoRNA-21 regulates

21 CAFCINGING biotogical behavioss in papitlary
thyioid inomna by targeting
programwed cel death 4.

wir- prostate cances up MictoRNA-21 iohibits p5S7KipZ

21 EXPTRSSION il Prostate cancer.

toir- prostate cancer up

21
genes in prostate cavcer
compared to benign prostatic
hyperplasia

fmix- cell carcinowa | up miR-21 downsegulated TCF21

24 to whibit KIZS! in renal cancer.

mir- renak cell carcinewa | up MicroRNA-21 is ove

21

in renal cell carcincma.
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21

tenat cell carcinoms

MicioRNA-2{ (muiR-21) post-
rranscnptionadly downregnlates
tumor suppressor PDCDA and
promotes cell transformation,
proliferation, and metaslasis in
renal cell carcinoma.

PCT/US2017/015417

renat call carcincma

up

The clirical utility of miR-21 as
a diagnostic ard prognostic
markes for renal cell carcinoma.

mir-

21

retino-hissioma

up

~targeting antt-nuR-21
inhibiting maligoant progression
of ratinoblastoma and analysis
of their phosphorylation
signaling pathways.

foir-
24

squamous
carcinoma

up

Urdgee MicroRNA Expeassion
i Canc

Profiles in Cervica

wir-
213p

~cetilar
CArCnNCna

dowo

MicroRNA-21-3p, 2 berberine-
induced miRNA, divectly down-
regulates buroan methionine
adenosvitiansferases 2A and 2
and inhibits hepatoma cell
growth

clear cell renal cell
cancet

up

Exploning the miRNA-mRNA
regulatory network in clear cal
renal cell carcinomas by next-
generation sequencing

expression profil

rectal cancer

up

Gversspression of miR-21-5p as
apredictive matker for complete
tHmor regression to tevadiuvant
chemoradiotberapy in rectal
GARCRt patients.

1ir-
210

adienal cortical
CArcinoing

up

The role of microRNA
dersgulation in the pathogenesis
of adrenocostical carcivoma

fmix-
210

bladder cancer

up

Aynthetic tiBENA-mowess
tatgeting mitR-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
an ivdependeant progoostic factor
and contributes 10 meiastasis in
colorectal cancer.

escphageal cancer up Differential expmssion of
miPNAs in esophageal cancer
fissoe.
asophageal down | MiR-210 expression reverses
squamaons call radioresistance of sterm-like celis
CAICINCMa of oesophageal squamons cell
CArcincroa.
foir- 2sophageal down | MicroRNA-210 regulates cancer
240 squarmnons cell cell profiferation through
CACINGING rargeting fibroblast growth
factor weceptor-like 1( RLI).
- esophageal down | The Role of MicroENA-210 in
210 squanous cell
carcinoma Carcinoma.
ix- gastric cancer down 3 prowoias gastric
210 sion and metastasis
i61g LBOT SUPPIESSOr
£3.

ir- glioblastoma up Acute hypoxia induces

210 upregolation of microRINA-210
&xy ion in ghioblastorns
spheroids.

fmix- glioma up MicroRMA-210 overexpression

210 predicts pooter ProgROSIs in
glioma patients.

1ir- glioma up MIR-210 up-reguiation inhibits

proliferation and induces
apoptosis in ghioma celds by
rargeting SINSA.
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fmix- hepato-celludar Gp own of mil-

210 carcinoma 210 in combination with
icnizing radiaticn oo human
hepatoma xenograft in nude
e,

mir- hepato-cellular up Hypoxia-inducible microRNA-

210 o ma 210 augments the metastatic
potential of tumor celis by
taggetin cuole membrase
pretein } in bepatocettilar
CArCinoma.

fmix- Kidney cancer up miR-210 1s 4 tasget of hypoxia-

210 inducible factors 1 and 2 inrenal
cancer, regulaies [SCU and
comelates with good progoosis.

oir- hing cancer up MiR-210 promotes a hypoxic

210 phenctype and increases
radiozesistance in himan g
cancet celi tines

1ir- mialignant up rative analysis of

210 melanoms melancing deregulated miRNAs
in the d Xiphophiotus
pigment cell can

ix- malignant up MicroRNA-15h represends an

210 melanoma independent prognastic
parameter and is conelated with
tuinor cell proliferation and
apoptosis in malignant
melanoma.

i~ osteg-sarcoma up Proguostic evatuation of

210 mictoRNA-2 1) expression
pediatric osteosamama.

- svarian cancer up miR-219, a wodulator of

210 nduced epithelial-
mesenchymal transition in
ovanian cancer cetl

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

210

nissue and o vitro effects of its
silencing in reral cell carciroma.
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211

mslanoma

up Gverexpression of miR-210, a

210 downsirear target of HELY,
causes centrasoma amplification
in renal carcinoma cells.

mir- renak clear cell up miRNA profiling for clear cell

210 Carcinoma menal cell carcinoma: biomarker
discovery and identification of
potential controls
conseguences of miRNA
dysregntation.

foir- up Serom miR-210 as a potential

240 biomarkers of easly clear cell
renal cell carcinovia.

oir- gliohiasioma up Hypoxic sigrature of

210~ mictoP NAs in glioblastoma:

3p insights fioro small BNA deep
sequencing.

foir- breast cancer down | MicroRNA-211, a divect

211 negative regulator of CDC
exprassion, inhibits friple-
negative breas
growih and migration.

wir- colorectal cancer up MictoRNA-213 expression

211 promotes colorectal cancer cell
growth in vitro and in vivo by
targeting Mmor suppiessor
DS,

wir- down | miB-211 suppresses

21 CArCINCING hepatoceliular carcivowsa by
downiegiiati ATB2

wir- oiadignant dowo | The regulation of miRNA-212

211 melanoma exprassion and role o
melancioa cell invasivenass.

foir- mabigrand down | Intronic miR-211 assuwmes the

tmor suppressive function of its
host gene it melanoma.

o
x4
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wialignant
melanoma

dowin.

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

PCT/US2017/015417

ix-

211

malignant
melancina

down

Differential expression of
microRNAs during melanoma
progression: nuR-Z00c, miR-205
and mik-211 awe downreguated
in melanoma and act as tamour
SUPPIESSOrs

colorestal cancer

down

Genetic and Epigenstic Down-
regutation of MicroRNA-212
Promotes Colorestal Tumor
Me: sis via Dysregolation of
MuSOD

foir-
212

gastric cancer

down

miR-212 is downregulated and
suppresses wethyl-CpG-binding
puotein MeCP?2 in hunan gastric

Cancet

gastric cancer

dowo

Dowo-regulation of miR-212
exprassion by DNA
hypermethylation in buroan
ic cancer cells.

o
st

-Geltniar
carcmonma

down

Histone Demethylase
R blastomna Binding Protein

Fepatocethilar Carcinowma avd
Megatively Reguiated by miR-

212

non-small cell tung
cancer

down

miP-212 increases Rumot
necrosis factor-related
apoptosis-inducing ligand
sensitivity in non-small cell ung
cancet by tatgeting the
antiapoptotic pratgin PED

nop-smatl cell lung
cancer

up

MiR-212 displays Tumor
Promotivg propeties o NSCLOC
Cells and targets the Hedgehog
Pathway Receptor PTCHI.

1ir-
212

non-small cell tong
cancer

up

Synaptic acety leholinesterase
targeted by mictoRNA-2{2
HINCHONS 38 2 NGOT SUPHESSOr
in non-small cell tong cancer.




WO 2017/132552

ostes-sarconia

dowin.

GRNA-212 inhibits
osteosarcoma cells proliferation
and fovasion by down-regulation
of 3o:4.

PCT/US2017/015417

QVARTAN Cancer

down

MiR-212 exatts suppressive
affect on SKOV3 ovarian cancer
cells through targeting HBEGF.

1ir-
212

pancieatic cancer

up

wiR-132 and miR-212 are
increased in pancreatic cancer
t the retinoblastoma

catic ductal
-CRRGIOO IR

k-2 12 promiotes pancreatic
cancer cell growth and invasion
by targeting the hedgehog
sigoaling pathway wcaptor
paiched-1.

prostate cancer

dowo

A potential regulatory toop
batwesn Lin28B:miR 7212 in
androgen-independent prostate
caficel.

glioblastoma

down

MiR-212-3p inhibits
slioblastoma cell proliferation
by targeting SGK3.

bladder cancer

down

MicroRNA-214 Suppressas
Gucogenesis aud Exerts linpact
ot Prognosis by Targeting
PDREG in Bladder Cancer.

cervical cancer

down

MiR-214 reduces cell smvival
and enhances cisplatin-ivducad
cytatoxicity via dowr-regulation
of Bci212 in corvical cancer
cells.

ix-

214

down

MicroRNA-214 suppresses
growth and invasivensss of
cervical cancer cells by targeting
UDP-N-geety-7-D-
galactosamine: palvpeptide N-
acetylgalactosaminy iransferase

-3

wir-
214

cervical squamous
cell carcinoma

dowo

Dowv-reguiation of miR-124/-
214 in cutanaons squaroous ceil
carcincroa mediates abnormal
cell probifecation via the
induction of ERE.

iy

colon cancer

down

microRMA-214 functions as a
LONOE SUPPTessor in huroan
colont cancer via the supp
ot ADP-sibosylation factor-
potein 2.
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mir- asophageal down | MicroRNA-98 avd microRNA-
214 squamaons call 214 post-transcriptianatly
Carcinema regulate enhancer of zeste

esophiageal squamons cell
carcinoma

roir- gastric cancer up miRNA-223 promotes gasing

214 cancer invasion and metastasis
by targeting (Beoct Seppressor
EPB41L3.

foir- gastric cancer up Down-regulated miRMNA-214

244 indusces a cell cycle G1 arrest in
gasiric cancer cells by wp-
mgulating the PTEN protsin.

mir- gastric cancer up Detegulated mictoRNAs in

214 gastric cancer tissue-detived
mesenchymal stem cells: novel
biomarkers atd a mechamism for
gastric canoer.

- up

214

as novel biomarker of gastric
cancer and is correlated with
distant metastasis.

wir- glioma up Associations between the

214 Expression of micra-RNA 214
and clinicopathologic
paranmeters of ghora.

- hepato-cellislar down | I[dentification of diffeientially

214 CAFCINGING expressed mictoRNAS in huinan
hepatoceliniar adencing
associated with type I glycogan
storage disease: a polential
wtility as biomarkers.

ix- hepato-cellular up MicroRNA-214 regulaies the

214

CANCLNG LA

acquired resistance 16 gefilinib
via the PTEN/AK thway in
EGFE-mustant cell Hues.
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214

10 {er

dowin.
234
roir- hepato-celllar dowa | Dowaregulation of micrcRNA-
21 Carcinema 214 and overexpression of
FGFR-1 contribote 1o
heps
metastasis.
oif- up Conyparative analysis of
244 asowa deregn
in the medaka and Xiphophorus
pigment cedl cancer models.
mie- multiple myeloma down | Kestoration of miR-214
214 expression teduces growih of
myeloma celis thiough a
positive regulation of P53 and
inhibition of DNA replication.
ix- -pharyngeal up miP-214 promotes

tunorigenesis by tagating
totransferrin in
nasophasvngeal carcinoma.

214

tymphomas

i~ ryigeal up
2314 CALCINGING Apoptosis and Infubits
Proliferation in

MNascopharyngeal Cawinoma.

mig- 08E0-SArCOINE up Upregulated expression of

214 microRMA-234 ts linked to
wmaer pragression ang advearse
proguosis in pediatric
osteosarcona.

ix- cvarian cancer up Micro-RNASs and ovarian

214 cancer: the state of art and
peIs es of clisucal rescarch,

fmix- pancreatic cancer down | Dvsreguiation of miR-15a and

214 miR-2 14 in Guwan pancreatic
cancer.

foir- ‘pancraalic canoer up Dysragnlation of miR-15a and

214 wiR-214 to homan pancreatic
cancer.

1ir- primary cns down

Differantial micic-RNA

expe in prmaty CNS and
nodal diffuse large B-cell
Iymphonas
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fmix- cervical cancer up MicroRMA-215 is 4 potential

243 pregnostic marker for cervical
cancer.

foir- 2olon cancer down | Prognostic significance of miR-

215 15 in colon cancer.

nir- colorectal cancer down | Association of microRNA

215 A on with ik cliite
instability status
adencoarcinoma

toir- colorectal cancer down | {dentification and fiunctional

215 sceening of mictoRNAs highly
deregniated in colorectal cauncer.

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

215 are frequently downregnlated in
colorectal cancet.

fmix- gastric cancer up MicroRMNA-192 and -215 are

25 uptegulated in mwnan gasteilc
cancer in vive and suppress
ALCAM expression i vitro.

mir- gastric cancer up MiR-2135 modulates gastric

215 cancer cell protiferation by
targeting RB1.

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

215 2ASiTIC CANCRT PICEIRSSIon.

hepato-cellutar up

215

CArCHOING
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up Aundrogen patbway stimulates
2163 mictoRNA-2 163 transcription to
supprass the tamor suppressor in
lung cancer-1 gene in eardy
hepatocaring gamasis.
roir- hepato-celllar up MiR-216a/217-induced
216a CAICINCMa epithetial-mesenchy mal
transition targets PTEN and
SMADT to promote drg
resistance and recurrence of
Liver cancer.
mii- pancreatic cancer down | [Expression of miR-2162 in
2l6a pancreatic cancer and its chinical
significance].
foir- ‘pancraalic canoer down | MicroRNA-Z16a inhibits
216a cancer by dire
rargeting Janus kinase 2.
wir- breast cavcer dowo | Regulaticn of the P2X7R by
216h mictcPRNA-216b in human
bieast cancer.
ix- -pharyngeal down | muR-216b suppresses tamor
16b [og growth and invasion by targeting
KRAS in nasopharyugeal
carcinoma.
oif- naso-pharyngaal down | [miR-216b suppresses
2146h carcinoma proliferation and invasion b
nasophatyngeal carcinoma
cells].
fmix- breast canoer up MiR-217 Promotes Tunor
247 Protiferation in Breast Cancer
via Targeting DACHL.
wir- gasttic cancer dowo | microRMA-237 tnhibits funor
217 pmgression and meiastasis by
downreguiating EZH2 and
pradicts favorable progaosis in
gastric cancer.
fmix- hepato-celludar up MiR-216a/2 {7 -induced
247 carcinoma epithelial-meseochy wal

wansition targets PTEN and
SMAD7 te promote drug

esistance and recurrence of
hiver ca

16l
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down | unR-217 inhibits invasion of

237 hepatocelindat carcivewa ceils
through direct suppression of
E2F3.

roir- hing cancer dawa | MicroRNA-217 functions as a

217 TWINCRE SUPPLessor gens and
conelates with cell tesistance 0
cisplatin in g cancer.

dowin. RNA-217 regulates
WASH3 expression avd
supprasses tumor gmwth and
metastasis in asteasarcoma.
toir- 0sien -sarcoma dowa | The mictoRNA-217 fonctions as

217 A ot suppressor and is
fraquently downiegulated in
hoanan osteosarcoma.

ix- pancreatic ductal down | MicrcRNAs as diagnostic

217 adenocarcinoma markers for pancreatic ductal
adenocarcing
PTECHESOT, PANCTe

helial seoplasm

- A atic ductal dowin.

237 adenocarcinoma miR-237 as diagoostic snd
prognostic biowaskerss for
chronic pancreatitis and
pancreatic ductal
adenocarcing

mir- pancreatic ductal down | The mik-217 microRMNA

217 adeno-carcinoma functions as a potential tumor

fmix- bladder cancer down

218 cell proliferation,

ion, and invasion by
targeting BMI-1.

ix- breast cancer down | Silencing of mIPNA-213

218 protactes wigralion and invasion
of breast cancer via Siit?-Robol
pathway .

fmix- cervical cancer down | Circudati ictoRNA-218 was

218

reduced in cervical cancer and
correlated with tumor invasion
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cervical cancer down | MicicRNA-218 in
cellslar sensitivity apamny cin
via targeting Rictor in cervical
cagcer.
carvical squatious down | Tumor suppressive micioRNA-
cell carcinoma 218 inhibils cancer cell
gration and invasion by
rargeting focal adhesion
pathways in cervical squatous
cell carcinoma.
chiotin-carcinoina down | MicroRNA-218 iohibiis the
proliferaticn of human
chorincarcinoma JEG-3 cell live
by targeting Fbaw8.
colorectal cancer dawa | MicroRNA-218 Inhibits Cell
Cycle Progression and Promates
Apoptosis in Colon Cancer by
Dowunregnlating BMIL
» Ring Finger
Qncogene.
cnlorectal cancer down | Decreased expression of miR-
esophageal cancer dowin. oRNA-218 158
I owarker or
esophageal cancer.
asophageal up miR-2 18 suppresses tumor
squartous cell goowih and enhances the
carcino g chemosensitivity of esophageat
cell carcinoing to
cisplatin.
2sophageal down | MicroRNA-Z18 inhibits the
squatnons cell proliferation and roetastasis of
CACINCING esophageal squamous cell
carcioewa cel
gastric cancer down

potential bicmar)
cancer detestion.

s for gastric

163
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down | Reduced expression of
218 circwating microRNA-2
gastric cancer and correlation
with tumnor invasicn and
PICLROSIS.
ir- gastric cancer down | MicrcRNA-218 is upregulated
218 in gastric cancer afler
cytoreductive surgery and
hyperthernue intraperiioneat
chemothempy and increases
chemosensitivity to cisplatin.
mie- gastric cancer down | Thero-chemotherapy duced
paty miR-218 upreguiation inhibits
the invasicn of gasinc cancer via
targeting GH2 and E-cadherin.
ix- gastric cancer down | Reduced mictoRNA-218
218 expression is associated with
high nuclear factor kappa B
activation in gasisic cancet
- down | [Reduced expression of miR-218
218 and its sigoificance tn gastric
ix- gastrointestinal down | MicrcRNA-218 inhibits
218 stromal tomor gastrointestinal stromal tunor
il ion by targeting
- glioma dowin. icrOENA-218
218 thological and
pregnostic significance in
homan glioma cases.
wir- glioma dows | MictoRNA-218 Intuhits Glioma
218 Invasion, Migraticn,
Proliferation and Cancer Stam-
fike Cell Self-renewal by
1ir- head and nack down | Tumor suppressive roicroRNA-
218 seuamous cell nhibits cancer cell
carcinoma migration and ivvasion thwough
targeting laminin-332 in head
and reck squamous celb
Carcinona.
ix- hepato-cellular down | miR-218 moduiats

218

carsionma

hepatocealinfar carcinoma cell
proliferation theough
PTEN/AK X pathway and
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fmix- hepato-celludar down | Overexpression of miR-218

218 carcinoma inhibits bepatocettilar
carcinoma call growth through
RET

foir- hepato-celiniar down | MicroRNA-218 and microRMNA-

218 Carcinema 5202 inhibit cell proliferation by
downregulating E2F2 in
hepatocelintar carcinoma.

fmix- hing cancer down | MicroRNA-Z18 is deleted and

218 downiegnisted tn luog squamons
cell carcinoma.

oir- hing cancer down | MiRNA-218, a new regulator of

218 HMGB1, suppr
migration and
stwal cell Jung ¢

fmix- hing squasacus cell down | MicroRNA-Z18 is deleted and

218 carctoona downiegnisted tn luog squamons
cell carcinoma.

i malignant down | Expression patierns of

218 melancing microRNA-21% and its potential
finctions by targeting CIP2A
and BMIL genes in welanoma.

- pharyngeal down | MiR-2Z18 suppresses

218 cancer nasephasvogeal cance
prograssion through
downtregutation of sutvivin and
the SLIT2-ROBO pathway.

oir- oial cancer down | The tumor suppressive

218 icroRNA r0iR-218 targets the
mTOR component Rictor and
inhibits AKT phosphorylation in
otal cancet.

- 0SLEN -SArCOMA down | miRNA-218 Inhibits
218 Osteosarcoma Cail Migeation

and Invasion by Down-
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regulating of TIAMIL, MMP2
and MMPS.
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fmix- pancreatic ductal down

218 adeno-carcinona Silences wik-218 i Huwan
Pancreatic Ducta
Aderocarcinoma Cells by
Inducing Formation of
Heterochiomatis.

foir- prostate cancer down | Tuwmor-suppiessive micicRINA-

218 218 inhibits cancer cebl
migration and fovasion via
targeting of LASPL iv prostate
cancer.

wir- prostate cances dowo | microRMNA-238 tnhibits prostate

218 catcer cell growth and promotes
apoptosis by repressing TPDS2
CXPIRESIOH.

ix- renat cell carcincma | down | MicroRNA-218 [nhibits Cali

218 Migration and Invasicn in Renal

ell Carcinoma Thicugh

Targeting Caveolin-2 lavolved
in Focal Adhesion Pathway.

i tenal clear cell down | miBNA oo g for clear cell

218 CAFCINGING reual cell carcinoma: bi
discovery and idew
potential control;
consequences of mdRNA
dysreguiation.

- glioblasioma down | miR-219-5p [ohibits Receptor
219- Ty {inase Pathway by
5p EGFH in

Clioklastowa.
fmix- glioma down | miR-212-5p Inbibi
2149- Tyrosite K
Sp Targeting EGFR o
Glinklastoma.
hepato-cellular down | MiR-219-5p inhibits
Carcinoma hepatoceliufar carcinoma cell
proliferation by targeting
glypican-3.
1ir- papillaty thyrcid down | miB-219-5p Modudates Cell
219- CACICING owth of Papillary Thyroid
Sp inoima by Targeting
Esiroges Receptor 7
foir- breast canoer down | A regulatory loop involving
22 unR-22, Spl, and c-Myc

modiiates CD347 expre
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ncer invasion and
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breast cancer down | miR-22 as 3 pioguostic factor
targets ghicose transporter
protein type 1 in breast cancer.
ir- cnlon cancer down | MicrcRNA-22 regulates hypoxia
22 signaling io colon cancer cebls.
i colon cancer down | MictoRNA-22 is induced by
22 vitariin D and contribistes to its
antiproditeraiive, ashinugratory
and gene regulatory 5 o
calon cancer ceils.
wir- colon canc dowo | oiRNA-22 suppresses colon
22 cancer cell migration and
invasion by inhibiting the
exprassion of T-cell ymphoma
i ion and metastasis | and
matrix metaloproteinases 2 and
9
fmix- colorectal cancer down | Clinical signific
expre; o patients with
colorectal cancer.
esaphageal down | Increased mdRNA-27 expression
squamaons cell sensitizes esaphageal squamcns
Carcinema cell carcinoma to irradiation,
roir- asophageal dowa | miR-22 is down-tegulaied in
22 squatrous cell esophageal s ncus cell
CANCLNG LA carcincroa and inhibits cell
migration and invasion.
gastiic cancer down | unR-22 suppresses the
pwliteration and iwvasion of
gastric cancet cedls by biting
CDISE
wir- gasttic cancer dowo | microRMA-22 acisas a

22

metastasis supprassor by
targeting metadhenin in ga
¢
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dowin.

unR-22 1s down
gasiric canger,
overexpiession inhibiis cell
migration and invasion via
targeting transcripticn factor
Spl.

-regulated in

a
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gastric cancer

down

Reduced expression of miR-22
in gasteic cancer is felated to
chinicopathologic characteristics
ot patient prognosis.

o-cellilar
CALCINOMa

dowin.

acroRNA- ated i
hepatocelinlar carcivowa and
corelated with prognosis,
suppresses cell protiferation and
funounigenicity.

bepato-celbslar
CAICINCMa

down

MicioRNA-22Z expression in
hepatccelhdar carciocroa and iis
conelation with eziin protein.

hing canoer

down

Tumor suppressor mk-22
suppresses lung cancer cell
progression througb post-

4 onal regnlation of

meduiic-

down

v

Frequently Down-
regulated tn Medubloblastomas,
and Inhibits Cell Proliferation
via the Novel Target PAPSTL

foir-
22

aon-smabl cell lung
cancer

up

Circulating miR-22,
unR-34a as vovel predk
biomarkers 1o pemetrexed-ba
chemothetapy in advanced non
smail cell lung cancer.

wir-
22

ostes-sarcoma

dowo

miR-22 tahibits osteoss
cell prakiferation and migraticn
by targeting HMGB1 and
inhibiting HMGB 1-mediated
aitophagy.

Gsteg-sarcoma

down

as an nafavorable pro;
biomarker in 0ste0sWOnIA.
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t-cell bymnphomna

dowin.

unRNA-22 suppresses colon
cancer cell migration avd
invasion by inhibiting the
exprassion of T-cell lymphoma
mvasion and metastasis 1 and
matsix metalloproteinases 2 and
9
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oral squatnious cell
carcinoma

down

Genomewide Stady of Sativary
MictoRNAs for Detection of
Oral Cancer.

anapiastic thyroid
CAICINCMa

A 4-MicroRMA signature can
discriminate primary
ymiphomas from anaplastic
carcisorsas in thyvioid cytology
SIMSATS.

bladder cancer

up

Micro-PNA profiling in kidney
and bladder cancers.

bladder cancer

up

MicroRNA-2Z21 sifencing
predisposed homan biadder
cageer cells 1o undergo
apoptosis induced by TRAIL.

breast cavcer

TRPS} tatgating by miR-
2217222 pomotes the epithelial-
to-mesenchymal transition in
breast cauncer.

breast cancer

up

From niicroRNA functions 1o
mncroRNA peutics: Novel
targets and novel drugs in breast
cancet research and treatment
(Review)

breast canoer

up

miR-221/222 prowotes S-phase
eniry and celbylar migration in
conirol of basal-ike breast
cancer.

cnlon carcinoma

up

iMicrocRNA-221 promotes colon
carcincroa cell proliferation in
vitro by inhibiting
CDKNIC/p37 sxpression).
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colorectal cancer up
221
human celoractal carcinoma.
roir- colorestal cancer up MMictoPNA-221 contrads
221 CDENIC/P37 exprassion in
human colorectal carcinomal.
foir- colorectal cancer up MicroRNA-221 promotes
221 colorectal cancer cell nvasion
and metastasis by targeting
RECK.
ix- esaphageal cancer up Alteration of mdRNA Exprassion
221 Correlates with Lifestyle, Soctal
and Environmen
Determunants in Hsophagea}
Carcinoma.
follicular thyroid up Differential miRNA expression
carcinoma defines snigration avd wduced
apoptosis in follicuiar thyreid
carcinGroas.
ix- gastric cancer up miPNA-223 promotas gastric
221 cancer invasion and metastasts
i1 Fnor SUpPIessor
£3.
i~ up Tncreased Expressi
224 MicroRMNA-221 in ga
and its clivical significs
wir- gastric cancer up Deregulated viicroRNAs in
221 gastric cancer tissue-derived
mesenchymal stem cells: novel
biomarkers and a mechanism for
gastric cancer.
gastroit ial down | Down-regulation of nB-221

stromal tomor

poncunced Kit expression in
gastrointestinal stromal tunors.
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221

trointestinal
stromal trwet

dowin.

Munktipte sporadic
gastrointestingl stromal twinors
concomitant with ampullary
adenocarcingroa. a case ¥eport
with KIT and PDGFRA
mtationat analysis and nuR-
2217222 expression prosile
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glioma

up

MicroRNA-221 1argeting PI3-
K/Akt signaling axis induces
cell prokiferation and BCNU
mesistance in human

glioblastoma.

glioma

up

MiR-221/222 promote human
glioma cell invasicn and
angiogenasis by targeting
TIMP2.

foir-
221

glioma

up

Co-suppression of puR-221/222
chuster suppresses himan glioma
cell grawth by tar g p2Tsipt
in vitre and in vi

glioma

up

MiR-271 avd wiR-222 tatget
PUMA to induce cell survival io
glioblastoma.

glioma

up

Uptake by human glioma cell
tines and biological effes
peptide-nicleic acids tar;
meR-221.

fmix-

hepato-celludar
carcinoma

up

MiR-221 controls CDKNIC/pST
and CBENIB/P27 expression tn
homan hepatoceliular
CArCincLoa.

wir-
221

bepato-celbyiar
CAICINCMa

Role of wiicroRNA-135 at early
stages of hepatocarcinagenesis
induced by choline-deficient and
aming acid-defined dist in

hepato-celludar
carcinoma

up

miR-228&222 regilate TRAIL
resistance and enhance
mmerigenicity though PTEN
and TIMP3 dowaregolation.
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hepato-cellislar up Expiession of microENAs, mik-

CALCINGIMa 21, wilk-31, waR-122, mik-345)
miR-146a, miR-200¢, mik-221,
wiR-222, and miR-223 in
patients with hepatocelislar
cascivoma or intrakiepatic
cholangiocarcinoa and is
PIogNG

o-cellilar up MicioRNAs in Bepatobiliary

CATCINOIMa and Pancreatic Cavcers.

bepato-celbslar up {ncreasad MiR-221 expression

CAICINCMa in hepatocethilar caminoma

issoes and its role in enhancing
cell growth and inhibitng
apoptosis W vitre.

{iver cancer up Bioinformatics analysis
identities miR-223 as a core
mwgulator in hepatocetiolar
carcinoma and its silencing
SUPpresses timor proparties.

up The abrogation of the
HOXB7/PE plex induces
apoptosis in melanoma through
-225&222-c-6GS
-smati cell lung down o micto-RNA

Cancer on profiles in early stage
nonsmall cell lung cancer.

non-small cell tung up MicroRNA-221 promotes

Lancer human non-stoall cell lung
cancer cell B460) growth.

nop-smatl cell lung | up miR-22§&222 regmlate TRAIL

cancer resistance and enhance
mmerigenicity though PTEN
and TIMP3 dowaregolation.
oral squamans call up miP-221 and miR-222

CANCLNG LA

axpression increased the growth
and turacrigenesis of oral
noma cells.
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osteo-sarcoma up MicioRNA-221 Induces Cell
221 Swivival and Cisplatio
Rasistancs through PISK/AL:
Pathway in Human
Ostecsarcoma.
ix- cvarian cancer up Micro-RNASs and ovarian
221 : de of arl and
1 clisucal research
pancreatic cancer up < aulation of viR-221
hibits protiferation of
pancreatic cancer cells thiough
wlation of PTEN,
foir- ‘pancraalic canoer up 222 induces pancreatic
221 e progression through the
regulation of mateix
metalioproteinases.
wir- paOCTEAtc cancer up Metformin Causes G1-Phase
221 a Down-Regulation of
MiR-221 and Enhances TRAIL
Seusitivity through DRS Up-
Regiation in Pancreatic Cancer
- itlary thyroid up Expression of i NAs in
y CACINGING Papiliary Thyroid Carctnomas [s
Associated with BRAF Mutation
and Clinicopathalogical Features
in Chinese Patierds.
ir- up Integrated analysas of
221 microRNA
A
B2
papillary thyroid up
carcinoma g
papillary thyroid carcinoma.
foir- papiltary thyroid up In vivo imaging of fonctionat

221

Carcinema

targeting of miR-221 in
papillacy thyroid carcinoma.
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itlary thyroid
SALCINGING

-

I vivo imaging of nul-221
biogenesis in papiliary thyreid
carcinoma

PCT/US2017/015417

prostate cancer

MiR-221 promotes the
development of andragen
independence in prostate cancer
cells via downregulation of
BECTID2 and RAGBLA.

prostate cancer

down

Downregulation of mi
30d, and -152 contitbutes
pathogenesis of prostate cancer
by targeting Bmi-1.

SOUAOTS
Carcinoma

up

Unigue MicroRNA Expression
Profiles in Cervical Cancer.

thyeoid carcincma

up

MicroRNAs (miR)-221 and
wnR-222, both overexpiessed in
human thyrotd papiaty
carcioewas, regulate p27Kipi
pmtein lavels and cell gycla.

aastric cancer

up

MicroRNA protiling of husnan
gastric cancer.

anaplastic thyroid
CANCLNG LA

up

A 4-MicrcP NA signature can
discriminate primary
lymphomas from anaplastic
carcincinas in thyrowd eytology
SWeArs.

bladder caucer

ed expression of niR-222
ated with poor
prognosis in bladder cavcer.

breast cavcer

Analtysis of serum genome-wide
mictaPNAs for breast cancer
detection.

breast cancer

up

miR-221/222 promotes S-phase
entry and cellular roigeation in
control of basal-fike breast
cancet
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breast ca

TRPSI targeting by mik-
2217222 promotes the epithetial-
to-mesenchy mal transiton in
braast canoer.

PCT/US2017/015417

chondro-samoma

down

Analysis of microRMAs
exprassions in chondrosarcoma.

foir-
222

chordoma

down

MicroRNA expiession profiling
ieveals the potential fisnction of
mictoRNA-31 tn chowdomas.

aastric cancer

up

miRNA-223 proviotes gastri
cancer invasion and metastasts
by targeting tumor Suppressor
EPB41L3.

foir-
222

gastric cancer

up

correlated with tumor

progressios by promoting cancet
cell prakifecation and targeting
RECK.

wir-
222

gastric cancer

Deragulated microRNAs in
gastric cancer tissue-derived
mesenchymal stem cells: novel
biomarkess and s mechanist fox
gastric cancer.

foir-
222

gastric cancer

up

Circudating miR-222 in plasma
and its potential di
proguostic value in gastiic
Cancet

gastric cancer

up

miR-222/VGLLA/Y AP-
regiiatory loop prowetes
pmliferation and invasion of
gastric cancer cells.

DI

T

gastro-totestingl
stromal tomor

down

Down-regulation of miR-221
and mdR-222 correlates with
pronounced Kit expression in
astinal strowal tumnoxs.
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tro-intestinal
stromal trwet

dowin.

Munktipte sporadic
gastrointestingl stromal twinors
concomitant with ampullary
adenocarcingroa. a case ¥eport
with KIT and PDGFRA
mtationat analysis and nuR-
2217222 expression prosile
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foir-
222

glicblasioma

down

Exprassion of 19 microRNAS in
glioblastoma and coniparison
with othet brain neoplasia of

YT

glioma

up

grades I-{{
Co-suppression of puR-221/222
chuster suppresses huan

cell growth by targsting p27kip}
in vitio and in vivo.

glioma

up

MiR-221 and miR-222 target
PUMA to induce cebll survival in
glioblastoma.

glioma

up

MiR-221/222 promote human
glioina cell invaston and
angiogenasis by targeting
TIMP2

wir-
222

bepato-celbyiar
CAICINCMa

AL3 whibits tumor cell
ation and invaston ang is
post-teanscriptionaily regulated
by miR-222 i hepatocelindar
CATCINOIMA.

foir-
222

up

le of microRMA-155 at eatly
stages of hie ALCIROZENCSIS
induced by choline-deficient and
amine actd-detined diet in
C37BL/6 mice

hepato-celludar
carcinoma

up

miR-22 fate TRAIL
resistance and enhance
mmerigenicity though PTEN
and TIMP3 dowaregolation.

222

hepato-cellutar
CArcinoing

up

Expiession of microBN.
21, wil-31, miR-122, mik-145,
miR-146a, miR-200¢, mik-221,
miP-222, and miR-223 in
patients with hepatocelislar
carcinoma or intraliepatic
cholangiocarcinoma and its
progna
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hepato-cellislar up MicioRNAs in Bepatobiliary
CATCINOIMa and Pancreatic Cavcers.
bepato-celbslar up [Expression of serum
CAICINCMa mictcPRNAs (miR-222, miR-
181, iR-216) in layman
hep: lidas carcinosg and its
clinical sigoiticance].
up The abrogation of the
wielanoma HOXB7/PBX2 ex tuduces
apopiosis  relanoma through
the miR-221&222-¢c-FOS
pathway
non-small cell tung up miP-221&222 regulate TRAIL
sancer resistance and enhance
tumorigenicity through PTEN
and TIMP3 downregulation.
oof-smabl cell lung | up Use of Luninex :MAP bead-
cancer based suspension asray for
ng microRNA o NSCLC
ang its clinical
applicaticn.
oral squamons cell up miR-221 snd miR-222
carcinoma on wcreased the growth
and turocrigenesis of oral
carcincroa cells.
pancreatic cancer up miP-221/222 induces pancreatic
cancer piogression through the
regulation of matex
metalioproteinases.
papiitary thyroid up Integrated analyses of
Carcinema wicroRNA and P NA
expression profiles in aggressive
papitiary thysoid carcinoma.
papiilary thyroid up MictoRNA analysis as a
CAICINCMa potential diagnostic toch for
papillary thyroid carcinoma.
papitlary thyreid up MicroRNA sigoature

Carcinoma

distinguishes the degree of
aggrassiveness of papiliary
thyroid carcinoma.
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vapiilary thyroid up Cirendati ictoRNA profiles
carcinoma as potential biowmankess for

diagnosis of papillary thyraid

carcinGroa.
foir- papiltary thyroid up Exprassion of miRNAs in
222 carcinoma Papiliary Thyoid Carcinomas Is

Associated with BRAF Mutation
and Clivicopathological Featura
in Chingse Patients.

up M
miR-222, hoth overexpressed in
homan thyroid papillacy
carcinemas, regulate p2 7Kipl
protein levels and cell cycle.

endometrial cancer up

cle regolator E2F1 and
3 comnprise an
autoreguiatory negative
feedback loop in aciie myeloid
teukemia

1ir- acuie myeloid down
3 leukemia

bladder cancer up Micro-RNA. profiling in Kidney
and bladder cancers.

roir- chmnic dawn | MicroRNA-223 expression is
223 Iy mphooytic uniformly dowo-regulated in B
leukemia cell lymphoproiferative
disorders and X ociated with

poot survival in patiests with
chionic lymphocytic leukemia
down | [Expression of microBENA-223

Iywiphooytic and its clinical value
leukemia tymphopmliferative disor

ation of mic A

on with nicrosatetlite
atus in coloractal
adenocarcincroa.

colorectal ¢
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colorectal cancer

up

Circulating Exosomal
microRMAs as Blom
Colon Cancer.

kers of

colorectal cancer

MicroRNA-223 fimctions as an
oncogene i human colotectal
cancet celis.

cnlorectal cancer

up

Overexpression of miR-223
comelates with tomor metastasis
patiznts

colorestal cancer

ctivated microRNA-
promotes tomonr growth
thiough targeting RASAT in
huoan celorectal cancer.

fmix-

endometnal cau

down

MiR-223 suppresses endoimetrial
carcioewa cells profiferation hy
wargeting [GF-1R

1ir-

esophagenl adeno-
CArcinoing

up

MictoRNA 223 is Up-regulated
in the Multistep Progiession of
Barreit’s gus and
Modwlates Sensitivity o
Chenmotherapy by Targaing
PARPI.

mir-

esophageal cavcer

down

Diffewential expression of
miRNAS in esophageal cancer
tissue.

esophageni

up

Py

3

in patients with
squateus cell carcinoma

sophageal

unRNA-223 promotes gastric
cancer invasion and wetastasis
by targeting tuoet suppiessor
EPB41L3.
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MicioRNA-223 functions as an
ovcogens iv. human gastric
cancer by targeting
FBXW7/hCdc4.

PCT/US2017/015417

Plaswoa micrcRNAS, miR-223,
miP-21 and miR-218, as novel
potential biomarkers for gastric
Can

aastric cancer

up

MicroRNA protiling of husnan
gastric cancer.

foir-
223

glicblasioma

up

microRNA
growth

223 promotes the
ivasion of
3 cells by fatg

fnmor suppressor PAXG.

~cetilar
CArCnNCna

Cirowiating micro® NAs, miR-
21, miR-122, and wiR-223, in
patients with hepatocelislar

cascinoma or chiosuc hepatitis.

hepato-cellular
CANCLNG LA

down

iRole of micrcRNA-223 and its
target gene cnoogene ¢-myc i
hepatocelinlar carcinoms
pathogenesis.]

CArCHOING

dowin.

cascivoma or intrakiepatic
cholangiocarcinoma and its
progna

hepato-cellutar
CArcinoing

down

Sokfatide Epigenetically
{ates miR-223 and
Promotes the Migratico of
Human Hepatocellular
Carcinoma Cells.

wir-

223

kidoey cancer

2

3 in cleat
nowa and its

Peopression of viik-2
cell renal cell cami
significance].
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fung

o
&
&
I
1

dowin.

a potent
be lewis
hng caminoma cell line by
targeting tnsolin-tike growth
factor-1 recepror and i
dependent kivase 2.
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manite cell
tymphoma

down

MicroRNA-223 expression is
uniformly down-regulated in B
cell by mpho ¥

digord
poor survival in patients with
chronic lymphocytic leukemia.

mantle cell
Iymphoma

down

fExpression of microRMA-223
and its clinical value in B
tymiphopmliferative disorders].

dowin.

ng miR-17, mik-20a,
. And Wik -
Combined as Non-Invastve
Biomarkers in Nagophagyngeal
Carcinoma.

dowo

MiR- argeting MAER
suppresses prodiferation and
migration of nasophatyngeal
cascivoma cells.

splenic warginal
zove Jvwphora

down

MicroRNA-223 expression is
uniformly down-tegwated in 3
cell ly mphoprotiferative
discrders and is associated with
poos survival in patients with
chronic lvapbocytic leukernia.

foir-
223

splenic marginal
zone v

down

fExprssion of microRNA-223
and its cli value in B
bymphoproliferative disorders).

prostate cancer

up

MiR-223-3p targeting SEPTS
PLOLOK he biological behavicr
of prostate cancer.

breast canoer

up

MicroRMNA- 14
controk ceil invasio
exprassion of metastasis genes
in hsenan breast cancer ooils.

{KIP to

x
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224

cervical cancer

Upregntation of microRNA-224
18 & ated with aggressive
prograssion and poor prognosis
in homan cervical cancer.
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foir-
224

colorectal cancer

up

Up-reguiation of miR-224
promotes caucer cell

I ration and tovasion aovd
predicts relapss of coloractal
cancer.

colorestal cancer

ular biomarkers and
ion models inthe
evaleation of the prognosis of
colorectal cancer.

colorectal cancer

down

MicroRNA-224 suppresses
cokorectal cancer cell mdgeation
by targeting CdcdZ.

foir-

224

colorectal cancer

up

The chinical and biological
significance of MIR-224
expression in colorectal cancer
metastasis.

colorectal cancer

up

mictoRNA-224 Prowotes Cell
Protiferation and Tuwer Growth
in Human Colarectal Cancer by
Raprassing PHLPPI and

foir-
224

gastric cancer

up

disense
ic cancer cell prolife
and apoptosis]

wir-
224

glioma

Upsegntation of mictoRNA-224
confers a peot Prognosis in
glioma patiznts.

foir-
224

hepato-celbaiar
Carcinema

up

Transcriptional regulation of
wiR-224 upregudated in buman
HCCs by NEF?B inflasnmatory
pathways.
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224

Aundrogen patbway stimulates
mictoRNA-2 142 transeription to
supprass the tamor suppressor in
lung cancer-1 gene in eardy
hepatocarcing ganasis.

PCT/US2017/015417

hepato-celhular
CLOGING

up

MicroRNA-224 is up-regulated
in kepatocelhlar carcinoma
through epigenctic mechanisins.

o-cellilar
CALCINOMa

up

unR-224 promotes cell
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up MiR-232 in Amphified 19p13.13
32 Loct Targets Mat:
and Promotes Gowih ie Gastric
Cangcer Cells.
- gastric cancer up Upregutation of microRMNA-
32 23a/h promotes tuoiot
prograssion and confers poor
pmgrosis in patients with gastric
cancer.
mir- gastric cancer up miPNA-223 promotas gastric
23a cancer invasion and metastasts
etiflg MIuot supPEessor
glioma up
inhibit glicma cell invasicn via
HOXD16.
ix- hepato-cellular up Star3-mediated ation of
23a carcino g miR-23a suppresses
ghiconeogenesis &
hepatoceliular carcinowa by
downregniating GaPC and G
1?7
laryngeal cancet up Bigh mictoRNA-233 expression
in laryogeal squamious cell
carcinoma is associated with
DOOL patient Proguosis.
wir- veure-blastoma up MicroR NA- P!
23a neuroblastoma celf metastasis by
targeting CDHIL.
i GSLEG-Sarcoma down | miR-23a supprsses
23a proliferation of osteo:
cells by targeting SATHI.
mir- ostec-5arania down | MiR-23a Functions as a Tumor
23a Suppressor in Ostessarcoma.
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metastasis by targeting the
PAKSG-LIMKI signaling
pathway.
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targeting of Py

wir- OVarian cancer up MictoRNAs overespressed in
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chemoresistance.

prostate cancer down | miR-23b represses proto-
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Lreast cancer up
broast
breast carcinoma up MicroRNA miR-24 Brhances
Tumor Invasion and Metastasis
by Targeting PTPNY and PTPRF
10 Proviote EGE Signaling.
dowin.
S ZASHFIC Can
oo by downregulating
glioma up
hepato-cellular up MicroRNA-24 Modulates
cascinoma Aflatoxin Bi-Related
Hapawcelllar Carcinoma
Prognosis and Tumorigenesis.
hepato-cellular up miP-24 promoies the
CANCLNG LA proliferaticn and invasion of
HCC cells by targeting 30X7.
down | miR-24 fincticns as a tumor
suppressor in Hep? latyngeal
carcinosos cells partly through
down-tegulatics. of the S100A8
protein.
hing cancer up saluation of dynanic ok
of seoim miR-21 and mR
pre~ and posi-operative lung
carcincroa patients.
naso-pharyngeal up {Clinical significance of plasma
Larciaoing miR-24 dysregulation in
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nop-smatl cell lung | up Upregulation of mik -2
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uon-small cell luug up Circulating miR-22, mil-24 and

4 cancer miR-34a as novel predictive
biomarkers t¢ pemetrexad-based
chemotherapy in advancad non
sroail cell hung cancer.

foir- oral squamnous cell up miR-24 up-regulation in oral

24 carcinoma Carcinoma: positive ass:
frow clinical and in viteo
analysis

mir- oral squamons cell up Gevowewide Study of Salivary

24 carcinoma MicroRNAs far Detection of
Oral Cancer.

mir- OSLeC-Sarsenia down | MicrcRNA-24 inhibiis

24 osleosarcoroa cell proliferation

both in vitro and in vivo by
rargeting LEAATY.
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hepat 1yl

CArcinoma

hepatoceliniar
carcioemwa

down

mir-218

down

oiir-327-
3p

glioblastoma

dowin

wir-218

LASIIC Cancet

dowin

mip-£27-
3p

0ste0sarcoms

down

mir-218

gastric cancer

down

nur-1271

gastic cancer

down

mir-218

gastric cancer

down

mir-3271

hepatocaliniar
carcinoma

dawn

roir-218

gastric cance

dawn

mir-1271

ol squanons
cell cawinoma

down

mit-218

gastromestinal
stmymal inmor

down

glioblastoma

down

ghiowa

down

mir-128

glioblastoma

down

mit-218

ghiowa

down

mir-128

glioblastoma

down

mit-218

head and neck
squamous cell
carcinoma

down

mir-128

glioma

down

mit-218

hepatoceibulatr
£arcinoma

down

wir-128

mir-218

wir-128

mir-218

mir-§28

r0ir-218

hang cancer

mir-128

mie-218

tung cancer

wir-128

glioma

dawn

hung squamens
cell carcinoma

dawn
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wir-128 head aud neck | down mir-218 malignant dowi
squawous ceil welanoma
carcinoma
wir-128 [T dowi mir-218 nasophaty ngeal dowi
caveer
wir-128 prostate dowi mir-218 oral cancer dowi
cancer
wir-128 prostate dowi mir-218 OSIEOSACOIIA dowi
cancer
mir-$28- hepatoceliniar | down r0ir-218 pancreatic decial { down
3p cascinoma adenocarcinoma
mir- 1280 bladder cancer { down mie-218 pistate cancer down
oir-3 280 maligoavt dowin wir-218 prostate cancer dowin
melanoma
oir-3 285 renat cell dowin wir-218 renat cell dowin
CArcinoma carcinoma
oiir-3 288 medudoblasta | down wir-218 renal clear ceil dowin
ma carcinoma
mir-£29 breast cancer down mir-219- glioblastormg down
Sp
niir-129 coloreciat down nHe215- glictog down
cancer Sp
wir-129 glioblastoma down roir-219- hepatoceliular down
Sp carcinoma
mis-129 non-small celf | down mie-219- papiliasy thyveoid | down
hng caveer 5p carcinowa
mir-£29- gastric cancer | down mir-22 bieast cances down
i-3p
gastric cancer | down mit-22 bresst cancer down
nur-129- gastiic cancer | down mi-22 colon cancer down
3p
wir-329- renal cell down toir-22 colon cancer dawn
3p carcinoma
mir-129- gastric cancer | down mit-22 colon cancer down
Sp
wir-129- gastuic cancer | down w22 colorectal cancer | down
T
wir-129- hepatocellndar | down w22 esophageal dowi
carcinoma squanions cell
carcingma
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wir-129- laryngeal dowi w22 esophageal dowi
T squawous ceil squanions cell
carcinoma carcingma
wir-129- medullaty dowi w22 C dowi
T thyroid
carcinoma
wir-129- ovarian cancer | down w22 dowi
T
wr-1291 renat cell dowi w22 LAsiC cancar dowi
carcinoma
mir-1294 asophageal down r0ir-22 gastric cancer down
squaraons cefl
mif- down 10ir-22 hepatccetiular down
1295b-3p carcinoma
wir-1296 dowi w22 dowi
wir-1297 lng dowi w22 hung cancer dowi
adenocasc
3
nur-1307 colorectat down mi-22 medulloblastom down
cancer &
mir-130a br2ast cancer down nue-22 0Ste0sarcoma down
nir-1303 endometsial down nue-22 0Ste0sarcoma down
cancer
nir-1303 down mi-22 t-cell lymphoma | down
miir-1300 coloreciat down ne-220a oral squamous down
cancer cell carcinoma
miir-1300 endometrial down ne221 gastromntesinal down
cances strowal tmox
miir-1300 hepatocelidar | down ne221 gastromntesinal down
carcinoma strowal tmox
wir-130 ovarian cancer | down ir-221 non-small cell down
Long cancer
mir-130h papilary down mit-221 piostate cancet down
thymid
carcinoma
mir-130h prostate down mie-222 chondrosatcowa | down
cancet
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wr-132 dowi w222 chordoma dowi
mir-132 colorectal down 10ir-222 gastroiniestiral down
canear stiomal tumor
mir-132 liver cancer down mie-222 gastrointesiingl down
stromal tumor
mir-132 OStECSArcHIma down mie-222 ghichlastoma down
oiir-332 osteosarcowa | down wir-2 acute wyeloid dowin
lexkeria
oiir-332 pancrestic dowin wir-223 chronic dowin
CArcinoma tymphacytic
leokeniia
oiir-333a biadder cancer | down wir- chronic down
tymphacytic
leukemia
oiir-333a biadder cancer | down wir- endometrial down
cancer
mir-£332 bieast cancer down mir-223 down
mir-£332 colorectal down mir-223 down
cancer
mir-£33a colorectal down mir-223 down
CAnCe
mir-£332 colorectal down mir-223 hepatocettular down
cancer carcinoma
mir-133a colaractal down mie-223 tung cancer down
cancer
wir-133a calorectal down mantle celd down
cancer tymphoma
mir-1332a esopha, down mie-223 wantle ceil down
SGUAIMONS C hvaphoma
CACInoIma
mir-£332 esophageal down mir-223 nasophary ngeal down
sanamons cell ca
CACInoIma
mir-£332 gastric cancer down mir-223 nasophary ngeal down
carcinowa
mir-£33a gastric cancer | down mir-223 splenic marginal | down
zose Iymphoma
nir-1333 gastiic cancer | down mie-223 sple down
zone fymphoma
wir-133a gasteic cancer | down roir-224 calorectal cancer | down
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wir-224 nou-sinali cell dowi
tung cancer

wir-133a head aud neck | down

2

wir-133a dowi wir-224 prostate cancer dowi
wir-133a patocellnias | down wir-224 prostate cancer dowi
carcinoma
mir-33a hing down 0ir-224 prostate cancer down
squaraons cefl
carcinoma
mir-33a noo-smali celi | down 10ir-2278 chyomc down
myelogenons
lenkewia
mir-33a osteosarcoroa | down roir-233 05le0saroma down
mir-133a ovarian cancer | down GSteasarcoma down
oiir-333a pancrestic down wir-23a prostate cancer dowin
cancer
oiir-333a renat cell down wir-23h biadder cancet down
CArcinoma
wir-333a- | prostate dowin wir-23h LASITIC Caneat dowin
3 cancer
mir-133a- | postate down ghiowa down
2 CANCEr
wir-1336 bladder cancer | down wir-23b prostate cancer down
mir-133h colarectal down mi-24 gastric cancer down
cancet
uir-133% esophageal dowil wir-24 latyngeal dowil
squawous ceil squawions cetl
carcinoma Carcinoma
wir-1330 tiic cancer | down wir-24 OSIEOSACOIIA dowi

mir-§33h gastric cancer | down roir-24-3p | colorectal cancer { down

mir-133b gastric cancer | down mie-25 colon cancer down

oiir-3336 gasteic cancer | down wir-25 prostate cancer dowin

mir-264

mir-£33b g canoer down e mayeloid down

Jevkemia
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wir-1330 prostate dowi wir-262 dowi
cancer
mir-134 endometrial down 10ir-263 bieast cancer down
cancer
mir-134 hepatoceliniar | down 10ir-263 breast cancer down
cascinoma
mir-135a pancreatic down mie-26a biaast cancer down
dustal
adenocarcing
ma
mir-35a prostate down 10ir-263 chyomc down
cancer myelogenous
fenkenia
mir-135a renal cell down 10ir-263 Sasinic cancer down
cascinoma
mir-135a- 1§ clear cell down mie-26a hepatoceltular down
Sp renal cell £arcinoma
cancer
mir-136 chondeasarco down mie-26a hepatoceltular down
ma £arcinoma
mir-136 glioblastoma down mie-26a hepatoceltular down
£arcinoma
mir-136 glioma down mit-263 hepatoceitular down
£arcinoma
oiir-336 oral squarnous | down wir-262 hepatecelular dowin
cell carcinoma carcinoma
mir-$37 anapiastic down 10ir-263 hepatoceliular down
astrocytoma carcinoma
mir-137 colaractal down mie-26a hepatoceltular down
cancer carcinomsa
mir-137 colaractal down mie-26a tung cancer down
cancer
oiir-337 gasteic cancer | down wir-262 alignant dowin
melanoma
wir-337 gliobiastora down wir-26a ora} SQUAKOUS down
celt carcinoma
mir-£37 glioblastoina down mir-264 osteosarcoma down
niir-137 gliohiastoma down nHe-26a papillary thyroid { down
carcinoma
wir-137 glioblastoma down ir-26a pritary thyroid down
lymphoma
mir-137 glioblastoma down mit-263 prostate cancet down
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wr-137 glioms dowi wir-262 prostate cancer dowi

mir-$37 hepatoceliniar | down oir-26b breast cancer down
cascinoma

mir-137 hepatocellutar | down mi-26k biaast cancer down
carcincroa

mir-137 muitiple down mi-26k biaast cancer down
mysloma

mir-137 neumblasten | down mie-264 coloractal cancer { down
a

wir-337 nov-sinall cell | down wir-26b gltoma down
hung cancer

wiir-337 ovarian caucer | down wir-26h hepatecelular dowin

carcinoma

mir-£37 uveal down bsng cancer down
melavewa

nur-138 anapiastic down mie-26h 0011-$403 down
thyroid hung cancer
cascinoma

nur-138 chionic down mie-26h oral squamous down
bymphocytic cell carcinoma
leulkernis

nur-138 chionic down 26k 0Ste0sarcoma down
myelogenons
leulkernis

nur-138 colorectat down 26k 0Ste0sarcoma down
cancer

wir-138 asophageal down oir-26b prostate cancer down
squatoous cell
carcincroa

wir-138 head aod neck | down roir-27a acute leukemia dawn
squatoous cell
carcincroa

oiir-338 head avd neck | down wir-27a colorectat cancer | down
squatoous cell
carcincroa

oiir-338 head avd neck | down wir-27a 250 dowin
squatoous cell squamous cafl
carcincroa i

oiir-338 hepatocelingar | down wir-27a dowin
CArcinoma 5

carcingma

oiir-338 hng caveer dowin wir-27a dowin

oiir-338 nasophatynge | down wir-27a nou-simall celd dowin
al carcinoima tung cancer
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wir-138 non-siall cell | down wir-27a suall cell hg dowi
g cancer caveer
mir-138 noo-smali celi | down roir-273% head and neck down
g cascer mous cetl
catcinoma
mir-138 noo-smali celi | down 10ir-27b down
mir-138 down mie-28-3p | colorectal cancer | down
cell carinoma
wir-33% ovarian cavcer | down wir-28-5p | colotectat cancet { down
mir-£38 papillary down mir-28-5p | renal cell
thyioid carcinowa
carcinoma
mir-£38 renal cetl down mir-2%3 e rayeloid down
Carcivewa Jevkemia
nur-138 renat clear down mie-2%a cetvical down
celf carcinoma squatious cetl
SArcineuia
niir-138 I3 i1 down nHe-29 gastric cancer down
g canoer
wir-139 cokorectal down wir-2%a £ASITIC Cancer down
cancer
wir-139 cokorectal down wir-2%a £ASITIC Cancer down
cancer
wir-139 cokorectal down wir-2%a £ASITIC Cancer down
carcinoma
mir-13% glioma down mit-293 gastric canger down
wir-139 wir-2%2 nd neck
awious cetl
wir-139 wir-2%2 dowi
niir-135 hepatocelidar | down nHe-29 hepatoceitodar down
carcinoma carcinoma
wir-139- cokorectal down wir-2%a hepatccetiular down
5p cagicer catcinoma
mir-139- glioblastoma down mit-293 hepatoceitular down
» carcinoma
wir-139- hepatocellndar | down wir-2%2 mantle cell dowi
5p carcinoma tymphoma
mir-140 asophageal down 10ir-253 mesefchymal down
cancer cancer
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wir-340 non-siall cell | down wir-2%2 INGHOCY HE dowi
g cancer lenkewia
wir-346- colorectal dowi wir-2%2 neuroblastoma dowi
Sp cancer
mir-$40- hepatoceliniar | down 10ir-253 down
Sp carcinoma
mir-$40- liver cancer down 10ir-253 down
5p
mir-141 bladder cancer { down 0ir-2%3- down
3p
mir-41 gastric cancer | down 10ir-250 chyomc down
hvmphocytic
cukemia
mir-41 gastric cancer | down 10ir-250 colorectal cancer { down
mir-41 gastric cancer | down 10ir-250 down
mir-41 gastric cancer | down 10ir-250 down
mir-141 hepatccelidar | down mie-2% gastric canger down
carcincroa
oie-34% hepatocelingar | down wir-26h glichlastowa dowin
carcinoma
mir-£41 hepatocelindar | down mir-29% hing down
cascinoma adenocarcinoma
mir-1431 lung down mie-2% mantle cail down
adenocarcinn byphomna
s
nur-141 mesenchymal | down mie-25 OHOCY s down
cancer teokemia
oie-34% 0SteOsACena dowin wir-26h nou-simall celd dowin
tung cancer
mir-£41 ovarian cances | down mir-29% non-smali celt down
hung cancer
nur-141 pancreatic down mie-25 non-strall cell down
cancer hung cancer
wir-141 renal cell down toir-25b 0SIENSATCOMa dawn
carcinoma
wir-141 renal clear down tir-25b prostate cancer down
cell carcinoma
ir-142- acute down toir-25b-1 £ASITIC Cancer down
3p Iymphoblastic
fenkenia
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wir-3142- colon cances dowi wir-25b-1 head and neck dowi
P squawions cetl
carcingma
wir-3142- glioblastonia dowi wir-25b-1 hepatocelinlar dowi
3p catcinoma
mir-$42 hepatoceliniar | down 10ir-250b-1 | hepatocelbular down
3p cascinoma carcinoma
mir-142- mantle cell down mie-296-1 | hepatoceibular down
3p tymphoma carcinoma
wir-342- osteosarcewa down wir-2%h-1 mesenchymal down
3p cavcer
mir-£42- g canoer down mir-29-
Sp 1-5p
nuir-142- matle celi down mHe2%b-2 | gastric cancer down
5p bymphoia
nur-142- ost2osarcoma down mie-266-2 | head and neck down
Sp sguamious cell
SArcineuia
nuir-143 bladder cancer | down mie2%-2 | hepatoceitular down
carcinoma
wir-143 bladder cancer | down wir-258-2 | hepatccebiular down
catcinoma
mir-143 bladder cancer | down mie-296-2 | hepatoceihaar down
carcinoma
wir-143 dowi wir-29b-2 | mesenchymial dowi
caveer
wir-143 cesvical dowi wir-2%¢ bladder can dowi
cancer
mir-143 colont cancer down 10ir-25¢ esophageal down
sqoamons cell
carcinoma
wir-143 cokon cancer down ir-25¢ £ASITIC Cancer down
mir-143 colan cancer down mir-24%¢ gastric canger down
mir-143 colon cancer down mie-2%¢ 2Astric cancer down
mir-143 colon cancer down mie-2%¢ 2Astric cancer down
ur-143 colorectal down wir-29%¢ gastric cancer down
cancer
mir-143 colorectal down 10ir-25¢ Sasinic cancer down
cancer

198




WO 2017/132552

PCT/US2017/015417

wir-143 colorectal dowi wir-2%¢ LAsiC cancar 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% hepatoceltular down
cancer carcinoma
oir-343 colorectal dowin wir-29¢ hepatecelular dowin
CArcinoma carcinoma
mir-£43 colorectal down mir-2%: hepatocettular down
Carcivewa carcinowa
nuir-143 coloreciat down nHe29¢ hepatoceitodar down
carcinoma oma
wir-143 andometrial down ir-25¢ hepatoceliular down
cancer carcinoma
wir-143 down ir-25¢ hepatoceliular down
catcinoma
wir-143 down ir-25¢ hung cancer down
mir-143 down mic-2%¢ wantie ceit down
hyrphoma
wir-143 dowi wir-2%¢ mesenchymal dowi
caveer
mir-143 sliobiastotmna down 10ir-25¢ nasophary ngeal down
cancer
mir-143 slionn down 10ir-25¢ nasophary ngeal down
catcinoma
wir-143 hepatocelindar | down ir-25¢ non-small cell down
carcinoma Long cancer
mir-143 malignant down 10ir-25¢ pancreatic down
melanoma cancat
mir-143 nasopharynge | down mie-300 bresst cancer down
al carcinoma
wir-143 nasopharynge | down wir-300 head and neck dowi
a} carcinoma squanions cell
carcingma
wir-143 non-siall cell | down wir-301a eundometrial dowi
g canc caveer
mir-143 noo-smali celi | down 0ir-301b endometiial down
cancer
mir-143 OStECSArcHIma down mie-3022 olon cancer down
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wir-143 ostessarcoma dowi wir-302a prostate cancer dowi

wir-143 pancreatic dowi wir-302b esophageal dowi
ductal squawions cetl
adenocarcing carcinoma
ma

mir-143 prostate down mit-302h gastric down
cancet adengcarcinoma

wir-143 prostate dowi wir-302b hepatocelinlar dowi
cancer catcinoma

mir-$43 prostate down ir-302b | hepatoceliular down
cancer carcinoma

wir-143 prostate dowi wir-302¢ dowi
cancer

nr-143 down nue-302 breast cancer down

wmir-344 biadder cancer { down twir-30a breast cancer down

wir-344 cholangiocare | down mir-302 breast cancer down
inoma

mis-144 gastric cancer | down breast cancer down

wir-144

fnfas | down wir-302

n0ma
mir-144 hing canoer down 0ir-303 colorectal down
carcinoma
mir-1d44 0512053ICo 108 down 1oir-303 hepatccetiular down
carcinoma
mir-144 osleosarcoroa | down 0ir-303 down
hung cancer
mir-144 pancreatic down mie-30a non-srall el down
dustal hang cancer
adenocarcing
ma
mir-144 thyroid cancer | down 0ir-303 prostate cancer down
mir-144 uveal down mie-30a renal cell down
melancroa carcinoma
wir-143 bladder cancer { down toir-30a- colorectal cancer { down
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wir-148 bladder cancer | down wir-30a- hepatocelinlar dowi
ip catcinoma
mir-$45 bladder cancer | down r0ir-303- colon carcinoma  { down
5p
mir-145 bladder cancer { down mir-3{a- gastric cancer down
3p
oiir-345 bladder cancer | down wir-30h colorectat cancer | down
mir-£45 bladder cancer | down down
niir-145 breast cancer down e300k gastric cancer down
nur-145 braast cancer down mie-30h noun-strall el down
hung cancer
niir-145 breast cancer down e300k prosiaie cancer down
wir-143 breast cancar down ir-30¢ acute myeloid down
leuleroia
mir-145 cervical down endometrial down
cancer cancer
wir-148 cesvical dowi wiir-30¢ eundometrial dowi
cancer cavoer
mir-$45 chondrosarco down 0ir-30c noN-5 down
mna lung camncer
mir-$45 colof cancer down 0ir-30c non-small o down
Long cancer
mir-145 colon cancar down mie-30c renal cell down
carcinoma
oiir-345 cokon cancer dowin wir-30¢-1 prostate cancer dowin
mir-£45 colon cancer down prostate can down
wir-148 colorectal dowi wir-30d nou-sinali cell dowi
cancer tung cancer
mir-145 colorectal down roir-30d prostate cancer down
cancer
wir-148 colorectal dowi wir-30d prostate cancer dowi
cancer
mir-145 colarectal down renad call down
CAncer carcinoma
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wir-148 colorectal dowi wir-30d- nou-sinali cell dowi
cancer Sp tung cancer
mir-$45 colorectal down oir-30e chyomc down
cancer myelogenons
lenkewia
mir-145 colorectal down 1oir-30g prostate cancer down
¢
mir-$45 colorectal down r0ir-30g non-small ceit down
carciota Sp lung camncer
mir-$45 endometrial down roir-31 bieast cancer down
cancer
mir-$45 down roir-31 bieast cancer down
mir-$45 down roir-31 chordoma down
mir-$45 down roir-31 chyomc down
myelogenons
cukemia
mir-145 down toir-31 Sasinic cancer down
mir-145 down toir-31 glioblasicroa down
wir-143 gasteic cancer | down roir-31 glicklastoroa down
mir-145 glioblastoma down mie-31 liver cancer down
oiir-345 glioblastoma dowin wir-31 alignant dowin
welnoma
mir-$45 glioma down roir-31 malignant down
melanoma
mir-$45 glioma down roir-31 medubicblastom down
2
mir-$45 glioma down roir-31 prostate cancer down
mir-145 glioma down mie-31 pistate cancer down
mir-$45 hepatoceliniar | down r0ir-3189- | astrocyloma down
carcinoma 3p
mir-145 hepatccelidar | down mir-3189- | glictlastoma down
3p
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mir-$45 hepatoceliniar | down 0ir-32 down
carciota lung camncer

mir-145 hepatocellutar | down mie-32 non-srall el down
carcincrog hang cancer

wir-345 bepatoceludar | down wir-32 Oral SQUAOUS down
CArcinoma call carcinoma

mir-£45 hepatoceliudar | down mir-32 osteosarcoma down
Carcivewa

nur-145 kidney cancer | dowan mie-320 colon cancer down

wir-143 liver cancer down roir-320 glicklastoroa down

mir-143 hing dawn roir-32¢ ghicma dawn
adenocarcing
ma

mir-143 hing dawn roir-32¢ 0SIENSATCOMa dawn
adenocarcing
ma
hing dawn toir-320a colon cancer dawn
adenocarcing
ma

mir-143 hing dawn toir-320a colorectal cancer { down
adenocarcing
ma

wir-143 hng down calorectal cancer | down
adenocarcing
ma

wir-143 g canoer down ir-320a calorectal cancer | down

mir-143 hing cancer dawn toir-320a ghickblastoma dawn

mis-145 nasopharynge | down mit-320a nasopharyngeal down
al carcivowa carcinowa

mir-£45 nasophasynge | down mir-320¢ bladder cancer down
al carcivowa

mir-£45 nasophasynge | down mir-323- oral sguamous down
al cascivowa 5p cell caicinoma

mir-145 nawoblasicm | down mie-324- nasophary ngeal dowit
a 3p carcinoma

wir-143 noo-small celi | down roir-324- nasopharyngeal down
lung cancer 3p catcinoma

mis-145 non-small ce down mie-326 chronic down
iang cancer nyelogencus

leuleroia
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unr-145 nou-sinall cell dowil ghichlastorsa dowil
g cancer

mir-145 noo-small celt | down 10ir-326 glioma down

mir-145 nop-small celi | down mie-326 ghicma down
hing canoer

oiir-345 oral squarnous | down wir-326 glioma dowin
cell carcinoma

mir-£45 oral sguamnous | down mir-328 colosectal cancer | down
cell carcinoma

mir-145 ostecsarcoma | dowi mie-328 gastric cancer dowit

wir-143 DSIEOSAICOL0A down roir-328 glicima down

oir-343 osteosarcoma | down oir-329 gastric cancer down

mis-145 ovarian cancer | down mie-329 onal sauamons down

cel caminoma

wir-148 ovarian cancer | down wir-330 ghioblastoma dowi

mis-145 ovarian cancer | down mit-330 piostate cancat down

oiir-345 ovarian caucer | down prostate cancer dowin

mir-£45 ovagian cancer | down mir-331- gastric cancer down

3p

nur-145 pancreatic down mir-331- ghichlastoma down
cancer 3p

wir-143 pancraatic down roir-331- prostate cancer down
duacial 3p
adenocarcing
14

nur-145 prinmary cns down mir-331- prostate cancer down
bymphotias 3p
prostate down mir-33% adrenal cartical down
cancer carcinoma

mir-145 prostate down bresst cancer down
cancet

mir-145 prostate down bresst cancer down
cancet

wir-148 prostate dowi wir-335 breast cancer dowi
cancer
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unr-145 prostate dowil wir-335 cervical cancer dowil
cancer

mir-$45 renal cetl down roir-335 chondrosarcoma  { down
cascinoma

mir-145 renal cell down 10ir-335 hepatccetiular down
cascinoma carcinoma

mir-145 uveal down mi-335 hepatoceitular down
melancroa carcinoma

mir- 1464 lung cancer down mie-335 mesenchymal down

cancer
oiir-3463 breast cancer down wir-33% nenrehiastoma down
mir-£462 bieast cancer down mir-335 non-smali cell down

hung cancer

nur-1463 chionic down nue-333 0Ste0sarcoma down
myelogenous
teukesn
nur-1463 gastiic cancer | down mi-335 ovariaf cancer down
nur-1463 gastiic cancer | down mi-335 ovariaf cancer down
wir-146a gasteic cancer | down mir-33% pancreati down
cancer
mir-1462a glioma down prisnary down
gatibladdes
carcinoma
mir-1462a hepatocelhiar | down renad clear cel} down
Carcivewa carcinowa
mir-£462 atoceliular | down gastric cancer down
Carcivewa
uir-146a hepatocelindar | down wir-337 pancresiic ductal { down

adenocarcinoma

mir-146a hing canoer down 0ir-338 gastric cancer down

mir-1462a malignant down
melancma

oral sguamons down
cell caminoma

mir-1462a non-small celi | down colorectal cancer | down

g canoer

mir-1462a non-small down down
g canoer
wir-1468 pancreatic dowi LAsiC cancar dowi

cancer
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wir-1468 pancreatic dowi wir-338- LAsiC cancar dowi
cancer ip
mir-146a papillary down 0ir-338- down
thyroid 3p
carcinoma
mir-146a prostate down 0ir-338- hepatoceliular down
cancer 3p carcinoma
mir-146a prostate down 0ir-338- hepatoceliular down
cancer 3p carcinoma
mir-145a- 1 gastric cancer | down mir-33%- hepatoceltular down
Sp 3p carcinoma
oiir-3466 breast cancer down wir-338- liver caocer down
3
mix-46h bieast cancer down mir-338- neuroblastoima down
3p
nir-146b glioma down nir-338- noun-strall el down
3p hinig cances
wir-1464 maligoant down oir-339- breast cancer down
melanoma 5p
mir-146h non-small down mit-33a hepatoceibulatr down
g canoer £arcinoma
uir-346b- & gallbladder dowi wir-33a hung cancer dowi
Sp carcinoma
mir-146h- | gliobiastotna down 0ir-333 malignant down
5p melanoma
mir-1465b- 1 glioma down mi- biaast cancer down
Sp
oiie-347 breast cancer down wir-33h OSIE0SATCOTIA down
mir-147 oral sguamnous | down mir-340 ghioblastoma down
cell carcinoma
mir-£482 breast cancer down mir-340 glioblastormg down
nur-1483 cervical down mie-340 non-strall cell down

squamous cell
cascinoma

hang cancer

nur-1483 colorectat down mie-340 OSteoSACOmA down
cancer
mir-148a gastric cancer | down mie-342 acule down
promyetocytic
leukemia
mir-148a gastric cancer | down mie-342 colarectal cancer { down
wir-34%a gastric cancer | down gltohlastewa down
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wir-1484 gastuic cancer | down cervical cances dowi
mir-148a gastric cancer | down 0ir-342- non-small ceit down
3p hung cancer

mir-148a gastric cancer | down mie-345 olarectal cancer { down

mir-148a gastrointesting | down mit-34a b-cell tymphoma { down
1 cancer

mir-148a hepatocellular | down mit-34a biadder cancer down

cinctoa

mir-148a hepatocellutar | down mit-34a biaast cancer down
carcincroa

mir-148a nasopharynge | down mit-34a biaast cancer down
al carcinorog

mir-148a nop-small celi | down mit-34a breast cancer down
hing canoer

mir-148a nop-small celi | down mit-34a breast cancer down
g canoer

mir-148a nop-small celi | down mit-34a breast cancer down
hing canoer

mir-148a oal squamous | down mit-34a carvical down
cell cawinoma £arcinoma

mir-148a ovarian cancer | down mit-34a chordoma down

oiir-348a ovarian caucer | down wir-34a choriocarcinoma | down

mir-148a pancreatic down toir-34g choriocarcinoma | down
cancer

mir-148a pancreatic down mit-34a colon cancer down
dustal
adenocarcing
ma

mir-148a pancrealic down oir-343 colon cancer down
ductal
adenoccarcive
ma

wir-1484 pancreatic dowi wir-34a colorn: dowi
ductal
adenocarcing
ma

mir-148h colorectal down mit-34a colorectal cancer | down
cancat
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uir-1480 gastuic cancer | down colorectal cancer | down

mir-}48h hepatoceliniar | down oir-343 endometiial down
cascinoma ca

mir- 1480 hepatocellutar | down mit-34a esophageal down
carcincrog squamous cell

carcinoina

mir- 1480 liver cancer down mit-34a gastric cancer down

oiir-3485 noo-sinall cell | down LASITIC Caneat dowin
lung cancer

mir-£48h nooe-smaltl celi | down mir-343 gastric cancer
hng caveer

nuir-148% non-simall cell | down nie-34a gastric cancer down
g canoer

wir-148% pancraatic down mir-34a gastric cancer down
cancer

mir-148h pancreatic down mit-34a gastric canger down
cancer

wir-149 breas dowi wir-34a ghioblastoma dowi

mir-149 colorectal down oir-343 glioblasicroa down
cancer

mir-14% gastric cancer | down mit-34a ghichlastoma down

oiir-349 glioblastoma dowin wir-34a glioma dowin

oir-349 head avd neck | down wir-34a glioma dowin
squawous ceil
carcinoma

-3 49 nev-smali cell | down ghoma down
g cancer

wr-350 chionic dowi wir-34a head and neck dowi
myelogenous squawions cetl
tenkenia CArcinoma

wir-3 50 esophageal down wir-34a hepatocebular down
squatous cell catcinoma
carcinoma

wr-350 mantle cell
Iymphiowia

wr-350 pancreatic dowi wir-34a hepatocelinlar dowi
ductal catcinoma
adenocarcing
ma

mir-150* pancreatic down mit-34a hepatoceibulatr down

carcinoma
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wir-150- colorectal dowil hepatocelludar dowil
Sp cancer carcinoma
mir-§ 50 hepatoceliniar | down oir-343 hang cancer down
Sp carcinoma
mir-150- pancreatic down mit-34a malignant down
Sp cancer melanoma
wir-35% chionic down wir-34a snalignant down
myelogenous melanoma
iepkemia
wir-352 breast cancer down snalignant down
melanoma
mix-£52 endometrial down mir-34a nialignant
CARICET melanonia
mir-152 gastric cancer | down mir-34a newroblastoma dowit
wir-152 gastoointasting | down mir-34a neurchlasioma down
ioancer
mis-152 glioblastoma down mi-34a non-steall ceit down
hung cancer
wr-152 glioms dowi wir-34a nou-sinali cell dowi
tung cancer
mir-152 non-small down mic-34a oral cancet down
hng caveer
wr-152 non-siall cell | down mir-34a OSIEOSACOBIA dowi
g canoer
mir-§52 ovarian cancer | down roir-34a 05le0saroma down
mir-152 pancreatic down mit-34a 0steosarcoma down
cancer
oiir-353 breast cancer down OVALIaN CANCET down
mix-£53 glioblastoina down mir-34a ovarian cances

wir-153

mir-153

non-small
g canoer

down

mit-34a

pancteatic
cancer

down

wir-153

nsteosarcowa

dawn

mir-34a

prostate cancer

dawn
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=153 ovarian cancer | dowin prostate cancer down
mir-154 colorectal down oir-343 prostate cancer down
cancer
mir-154 nop-small celi | down mit-34a renal cell down
hing canoer carcinoma
wiir-354 prostate dowin wir-34a renat cell dowin
cancer carcinoma
oiir-355 bladder cancer | down renal celi down
carcinoma
mix-£55 chronic down mir-34a retinchlastoma
iy elogenaus
leukamia
mix-£55 gastric cancer | down mir-34a uveal melanoma | down
nur-155 gastiic cancer | down nir-34a- colorectal cancer | down
Sp
wir-153 maligoant down ir-34b breast cancer down
melanoma
ir-34b breast cancer dawn
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Table 4. List of examples of oncogenic niRNA relationships to cancer.
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Melanowa.

tmir-194

a

adenocarcinont

Upregulation of miR-194
coniributes t0 tomor growt
and pro iof i
ductal

mi-195

newrchlastoma

miR-15a4/16-1 evhances
retioic acid-mediated
differentiaticn of leukemdc
cells and is up-regulated by
ietinoic acid.

mic-195- | csteosar
p

COMa

up

caricn of a plasma
icroRNA paned as
potential noninvasive
biomarker o5 osteosascoma.

mir-196a | breast cancer

up

MicmRNA-196a post-
prionally upreguiates
! proto-osicogene
and promotes ceit
proliferation

mit-196a | cervical cancer

up

MicroRMNA-{96a pro
cervical cancer i
theough the regulation of
FOXO! and p27(Kipl ).

mnie-196a

Dpregulation of viicroRNA-
1962 and micioRMA-196b
cooperatively correlate with
aggiessive progression and
unfavorable prognosis in
patisnts with coloractal

CAncet

wir-196a | esophageal

a

adenocarcivon

np

MicioRNAs iv Basrett's
esophagus and esophages
adenocarcinoma.

mnie-196a

gastric cances

MiR-190a s Up-regnisted tn
Gastric cancer and Promotes
Cell proliferation by Down-
regiating p2 7kipl.

mir-196a | gastmintestinal

strotnal turoos

up

Upregulation of miR-196a
and HOTAIR Diive
Malignant Chawacter in
rastsointestinal Stromal
Twinors.
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mi-1962 | glioblastoma up MiR-1562 exerts its
oncogenic effect in
ghicblastoma muitiforme by
inhibition of I7B? both in
vitro and in vive.

mic-1%6a | head and neck up MicroRNA-196a promotes an

squamaons call DOCOZEnIc ct in head and
carcinoma neck cancer cebls by
suppressing annexin Af and
enhancing radioresistance.
mir-196a | non-small cell up MicioRNA-196a promotes
hig cal non-smali ceil hin er
cell proftferation avd invasioo
thivugh targeting FIOXAS.
mic-1%6a | pancreatic up J6a Promotes
cancer creatic Cancer
Progression by Targeting
Nuclear Pacior Kappa-B-
Whibitor Alpha.
mi-196a | pancreatic up MicroRMNAs as diagnostic
ductal markers for pancteatic ductal
adenecarcivom adenocarcinewa avd its
E] DIECUESOT, PROCIEANC
intraepithelial necplasto,
mit-1%6a | squamous up croRiNA
carcinoma

nii- gastric cances up MicroRMNA profiling of

196a* tunan gastric cascer.

it glioblastoma up MIRNA-196 is upregulated in

196a-1 giicblastoma but nat in
anaplastic astrocyicroa and
has progrostic significance.

mig- oeal cancer up OncorniR-156 profmotas an
196a-1 in 2 phenoty pe in oral
e through the WNME4-
INK-T I MO sigoating
pathway.
nie- oral squamous up uR-1%6a Overcxpression

196a-1

cell carcinovia

and miR-196a2 Gene
Polymorphism Are
Prognostic Predictors of Oral
Carcinomas.
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nii- glioblastoma up MIRNA-196 is upregulated in

196a-2 ghioblastora but not in
anaplastic astrocytoma and
has progrostic significance.

wir- oral cancer np OucomiR-196 promaotes an

196a-2 invasive phenotype in ol
cancer through the NME4
TME-TIMPI-MME signaling
pathway.

nie- oral squamous up uR-1%6a Overcxpression

196a-2 cell carcinowa and miR-19622 Gene
Polymorphism Are
Prognostic Predictors of Oral
Carcinomas.

wis- gasttic cancer up Clhinical sigmificance of

196a-5p upregulation of mir-196a-5p
in gastic cancer and engiched
KEGG pathway analysis of
farget genes.

frir- colorectal up Upregulation of micraRNA-

196h cancer 1962 and mictoRNA-196h
coopeiatively correlate with
aggressive progression and
unfavorable prognosis in
patients with calorecial
carcer.

mit- esaphageal up Differential expression of

196h cancer miRNAS in escphageal cancer
tissue.

nii- gastric cances up 1 regulation of

196h miR-196b by ETSZ v gastric
cancer celis

it gastric cances up Epigenetic regulation of miR-

196h 196k axpressicn in gasuic
cagcer.

mig- ghioblasioma up MIRNA-196 is opreguolated in

196b ghioblastoma but not in
anaphastic astrocytoma and
has progoostic significavee.

glioblastoma up Upregulation of mik-196b

confers a poos Prognosis in
ghioblastoma patienis via
inducing a protiferative
phenotype.
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nii-
196k

oral cancer

up

OncomiB-196 promotes an
invasive phenatype in oral
cancer through the MME4-
INK-TIMP1-MMP signaling
pathowvay.

PCT/US2017/015417

frir-
196h

oral squamouns
cell carcinoma

up

miR~196a Overexprassion
and miR-196a2 Gene
Polymophism Are
Prognostic Bredictors of Cral
Caninoma;

mir-197

breast cancer

up

¢ of mictoRNAS -29%-2,
135, -197 aod -205 as
diagnastic bicmarkers in
seruto of breast cancer
females.

mic-197

follicular
thy woid
carcinoma

up

A limited set of human
MicioRNA is deregulated in
follicelar thyrotd carcinoma.

mice-197

lung cancer

up

Differantial MicroRNAs

Patients with Ling Cancer,
Pulmonary Tuberentosis, aod

Presonia

wir-19%

panciestic
ducial
adenncarcinon
a

np

=34a, 0iR-198
and miR-217 as diagnostic

and prognostic bicwarkes for

chronic pancreatitis and
pancreatic tal
adenocarcinoma.

mic-199a

gastuic cancer

up

iR -199a regulates the tumor
suppressor mitogen-activated
protein kinase kinase kinase
31 in gastric cances,

esophageal
adenocarcinom
a

up

Progression of Basrett's
Esophagus and Modulates
Sensttivity to Chemotherapy
by Targeting PARPL.

gastuic cancer

up

MiR-199a-3p promotes
gastric cancer progression by
targeting ZHX1.

osteesarcomas

up

identification of a plasma
foue-ticroRNA panel as
potential roninvasive
biomarker fof osleosarcoroa.
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nii-
199a-5p

esophagesl
adenocarcinom
a

up

MicroRMNA 223 is
regnisted tn the Miitistep
Progression of Barmatt's

Esophagus and Modudates

PCT/US2017/015417

frir-
199a-5p

gastric cancer

up

Up-regulated mdR-199a-5p in
gastiic cancer functomns as an
oncogene and tasgets klotho.

nii-
199h-3p

esophagesl
adenocarcinom
a

up

MicroRNA 223
regulated tn the Mok
Progression of Barmatt's
Esophagus and Modulates
Sensttivity to Chemotherapy

"
]

frir-
199b-Sp

papillary
thyroid
carcinoing

up

Exprassion prafile and
clinical sigoificance of
mictoRNAs in papillary
thyoid carcinema.

mit-19a

up

MicroRNA miR-17-5p is
overexpressed in pancraatic
cancer, associated with a poor
prognasis, and involvad in
carcer cell profifecation and
invagsion.

mir-1%a

bladder cancer

up

miR-19a acts as an ongogenic
wicroRNA and is up-
reguiated in bladder cancer.

mir-{%a

breast cancer

up

MicioRNA expression
protiles in buoian breast
cancer cells after
wmitifeaction and single-dose
radiation treatinent.

mir-1%a

breast
carcinoma

up

MiR-43 enbances
angiogenesis and metasiasis
by targeting LATSE2.

tmir-19a

cervical canoer

up

MicroRNA-19a and -19b
regulate cervical o
cell prokiferation and invasion
by tacgating CULS.
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mit-19a cholangiocarci | up miR-17-92 cluster proniotes
vowa cholangiocawinoma growth
eviderce for PTEN as
downstream target and L
6/5ta13 as upsirear activator.
mic-1%a colaractal up MicroRNA. exprassion
cancer profiling of exfoliated
colonocytes isolated from
foces for colorectat cancer
screening
mic-1%a esophageal up
squamons cell
carciooma
mit-19a gastric cances up MicroRNA-19a/b regulates
ndtidrug wesistavce o iman
gastric cancer cells by
targeting PTEN.
wir-1%a gasttic cancer up miR-19a Proviotes Cell
Growth avd Tumorigenesis
through Targeting SOCS1 in
Gastric Cancer.
mir-1%a gastric cancer up MiR-1%a%h modulate the
metastasis of gastric cancer
cells by ng the tunour
suppressor MO
mir-{%a gastric cancer up MiR-192 promotes epithelial-
mesenc J rransition
through PI3K/AKT pathway
in gastric cancer.
mir-1%a gastric cancer up MiR-1%a promotes epithelial-
chymal transiti
tmir-19a glioma ups miR-19a and miR-19b
Gverexpression n Gliomas.
mir-{%a ghioma up MicioRNA-19a promotes
ghioma cell growih by
mpimssing LRIGL
mit-19a huog cancer uwp Apoptosis induction by

antisense cligonuctactides
against miR-17-5p and miR-
20a in fing cancers
overexpiessing miR-17-92.
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mit-19a

hig cancer

up

MicroRNMA miR-17-5p is
overexpressed in pancraatic
catcer, associated with a poor
prognosis, and involved in
carcer cell profifecation and
Invagsion.

PCT/US2017/015417

mir-1%a

hing cancer

up

A polycisimonic microRMNA
cluster, miR-17-92, is
overexpressed in hinman laug
G and enhances cell
proliferation

mit-19a

mantle cell
ymphoma

up

The tiENA-17792 cluster
mediates cheweresisiance snd
enhances tumor growth in
mantle cell lymphowma via
PI3E/AKT pathwa
activation

mir-1%a

medutioblaste
ma

The miR-17/92 polycision is

medwloblastomas and
induced by N-my¢ in sonic
hedgehog-treated cerebeliar
newral precursors.

mic-1%a

n2uroblasicroa

up

MYChN-reguiated ticroRNAs
repress estrogen receptos-
alpha (E3R1) expression and
NEWONA wntiation in
mman reurcbiastoma.

wir-1%a

von-sma call
hmg cancer

np

Sewum miR-193 expression
correlates with worse
prognasis of patients with
non-simall oofl hung cancer.

mir-1%a

osteosarcoma

up

Upregulation of micro
17-92 cluster associal
TUINOE PrOgress

- {%h

b-cell

Iymphowna

up

MicioRNA unR-17
overexpressed i pancteatic
cancer, associated with a poor
progrosis, and iovolved in
cancer cell protiferation and
LY ASIORL.

mic-1%b

breast cancer

up

MictoRNA exprassion
profiles o homan breast

Ca cells after
musktifeaction and single-dose
radiation treatmend.
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mnit-1%b breast up MiR-93 enbaunces
carcisona angiogenesis and wetastasis
by targeting LATS2.
wir-15h cesvical cancer | up MicioRNA-1 95 and -19%
regutate cervical carctocma
cell proliferation and invasion
by targeting CULS.
mic-1%b cholangiccarci | up miP-17-52 clusier promotes
noroa cholangiccarcinoma growth.
eviderce for PTEN as
downstrean tasget and 1.~
6/Stat3 as upstrean activatet.
mnit-1%b colorectal up MicroRMNA expression
Cancer prefiing of exfoliated
colonacytes isclated from
fces for colomctal cancer
seEREning.
rir-15h asophageal up
squatmons celi
carcinoing
wir-15h gasttic cancer up MiR-19a% modulate the
metastasis of gasiric cancer
cells by targeting the tumour
suppressor MXD1.
mie-19h gastric cances up MicroRNA-192/% regulates
multideug tesistancs in human
gastric cancer cells by
targeting FTEN.
rir-15h glioma up miR-19a and miR-19b
Gverespression in Gliomas.
mic-1%b lung cancer up A polycistronic mictoRNA
overexpiessed
cancers and enhas
proliferation.
- {%h p induction by
20a in ung cancers
ovRiexpmesing mik-17-92,
mic-1%b hmg cancer up MicroRNA miP-17-5p is

OVRIEXpE:

2esed it pancreatic
iated with a poor
proguesis, and involved iv
cancer cell protiferation and
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invasion.
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wir-15h

wianite call
Iymphoma

np

‘The mRNA-37792 clustet
mediates chemoresistance and
ephances temor growth in

activation.

- {%h

wedulloblasto
ma

up

The miR-17/92 polycistion is
up-regulated in sonic
hedgehog-driven
meduiloblastomas and
induced by N-my ¢ in sonic
hedgehog-treated cerebeliar
neuial ¢ ESOES .

tmir-15b

nstensarcoma

up

Upregulation of microRNA-
17-92 cluster associates with
funos progression and
DrOgRosis in ostessarcoma

breast cancer

up

Direct targeting of Sec23aby
iR-2 nfluences cances
cell secretome and promotes
metastatic colonization.

mie-200a

breast cancer

up

MicroRNA-200a Prametes
Arnoikis Resistance and

is by Targeting
YAPY in Buman Breast
Cancer.

mie-200a

esophageni
adenocarcinont

up

Gastric adenccarcinoma has a
uiigue microRNA siguatire
not present in esophageal
adenocarcinoma

wir-200a

np

Differential expressicn of
miRNAs tn esophageal cancer
issus

rir-200a

asophageal
cancer

up

miR-200a/miR-141 and miR-
205 upregolation might be

associated with hormone
receptot status and progi
in evdometrial carcinomas.

nir-2002

malkigrant
wielanoma

up

MicroRMA-200 family
merabers differentially
reguiate worphological
plasticity and mode of
ielanoma cell invasion.
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nir-2002

smatl celi
cancer

NG

up

MiR-2002 enbances the
migrations of 4349 &
MES-1 cells by regulating the
expression of TSPANT.

PCT/US2017/015417

mie-200a

cvarian cancer

Upregulation of microRMA-
200a associates with tumer
profiferation, CSCs
phenotype and
chemosensitivity in ovarian
Carcer.

nii-
2000

breast cancer

up

[
&

irect targeting of Sec23aby
miR-200s influences cancer
cell sacretome and promotes

metastatic colonization.

mit-
200h

colaractal
cancer

up

mictcRNA-200b and
microRMA-200¢ pramete
colorectal cancer cell
mroliferation v
reversicv-indu,
rich protein wi
matifs

wis-
200k

MicioRNA-200b is
overexprassed W endomettiat
adenocarcinomas and
enhances MMP?
downreguliating
hunan endometiial can
cell Jing HEC-1.A celb

nii-
2000

gastric cancer

up

MicroRNMA-200b Regubat
Cell Protiferation, Invasion,
and Migration by Di y
Targeting ZEB2 in Gasteic
Carcinoma

it
200h

malignant
melanoma

up

MicroRNA

cell invasion.

mie-200¢

breast cancer

up

Direct targeting of S
miR-200s influences
cell secretomme ai
metastatic coloniz

mir-200¢

colon cancer

up

The roles of mik-
colan cancer 3|
malecular mechanisms.
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nir-200¢

colorectal
cancer

up

MicroRMA-200¢ modulates
epit -o-mesenchy mal
wansition (EMT) in human
colorectal cancer metastasis.

PCT/US2017/015417

wir-200¢

colorectal
cancer

np

Plagwa mik-200¢ and k-
18a as potential bicmarkers
for the detection of colomctal
Garcinona.

mic-200¢

colaractal
cancer

up

mictcRNA-200b and
micrcRNA-200¢ promote
colorectal cancer cell
proliferation via targeting
reversicv-indu,
rich protein with Kazal
matifs

wir-200¢

endewetsial
cancer

np

'The interactions hetween
MicroRNA-200¢ and BRD7
in endomeinial carcinoma.

rir-200¢

maligrant
mslanoma

up

MicioRNA-200 fanily
metobers differemially
regulate morphological
plasticity and modse of
melanoms cell invagi

nop-smabl cell
bing cancer

up

on of mictoRNA
miR-126 and wik-20
associated with pogno
patients with nan-smali cell
fung cancer.

non-smatl cell
hing cancer

up

Bigh exprassion of seruw
miR-21 and tumor miR-200c
red with poor

mie-200¢

Gvatian cancer

up

SxPIEs;
type-sp
Taxob resistan

cancer celis.

in ovarian

mir-200¢

Gvarian cancer

8

unR-200¢ miodulates ovanian
cancer cell mats
potential by targeting zinc
finger B-box-binding
homeobox 2 (ZEBZ)
CXPIOSSIoS.

mie-200¢

rectal cancer

up

The quantitative analysis by
stein-foop reai-time PCR
ievealed the microRNA-34a,
mictoRNA-155 and
microRMA-200¢
overaxpression in human
colorectal cancer.
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=203 bladder cancer | up Micro-RMA profiling in
Xidvey and bladder cancers
mie-203 breast cancer up Anti-oiR-203 Upregulates
SOCK3 Expression in Braast
Cancer Calls and Enbances
Cisplatin Chemosensitivity.
mie-203 colorectal up Association of miceoPNA
cancer expiession with ik
instability status
adencoarcinoma
wir-2073 asophageal up Alteration of miRNA
cancer Expressicn Correlates with
Lifestyle, Soctal and
Environmental Datermioants
in Esophageal Carcinosna.
mir-203 by pophary nge up Effact of microRNA-203 an
icancer tmor growth in homan
hypophatyngeal squamous
cell carcinoma.
pancreatic uwp MicroRHNA 100 58
adenocarcinom 2 new prognostic marker of
a panceatic adenocarcinoma.
mie-203 pancieatic up Circulating MictoRNAs in
ductal Aerom of Hiyman K-uas
adenocarcinom Ouocogene Transgenic Rats
k] With Pancreatic Ductal
Adenocarcinomas.
mi-203 SQUAINGNS up Unigue MictoRNA
CACINGING on Erofi
Cervical Cancer.
mie-203a | renal cell up miR-203a regulates
carciooma prolifaration, migeaticn, and
apoptosis by targeting
slycogen synthase kirase-37
ik enal cell
carcinoma.
tnir-204 prostate cancer | up Mechamisms and functional

consequences of PDEF
PROTEIN SXp n Loss duting
DICStAte CANcer progression.
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colorectal up miR-204-5p expression in
5p cancer colorectal cancer: an
autophagy-assaciated geoe
mir-205 bladder cancer | up Micio-RNA profiting in
kidaney and bladder cancers.
breast cancer up e of mictoRNAs -29%-2, -
135, -197 aod -205 as
diagnastic bicmarkers in
seruto of breast cancer
females.
mir-205 cervical cancer | up Serum microRNA-205 as 2
novai bioroarker for cervical
cancer patis
cervical cancer | up miR-205 Expressicsn
Promotes Cebd Pradifewmtion
and Miggation o
Cervical Cancer Cells.
cervical up miRNAs expression pio
squamons cell 10 distinguish lung squamous-
carcinoma cell carcinoma ficro
adenocascinonia subtypes.
mir-205 endemeinal up miR-203 promoies tumor
cancer proliferation and invasion
through targeting ESERG in
endowmstsial carcinoma.
mnie-205 sphageal up Alteration of miRNA
cancer clates with
Lifestyvie, Social avd
Environmental Deierminants
in Fsophageal Carcinoma.
esophageal uwp mR-200a/miR-141 avd vk~
cancer 205 ypregulation wight be
associated with hormone
receplor status and prognosis
in endometiial cascinomas.
mie-205 lung cancer up Evalvation of dynaroic

change of seruro iR -21 and
i 38t
operative hung carcinoma
patients.
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hig cancer

up

miR-205 regulates AS49 cells
preliferstios by targefing
PTEN.

PCT/US2017/015417

e

mie-2

non-small cell
hing cancer

up

Prognostic value of mature
microRMA-Z1 and
imicroRNA-205

quamitative wal-time RT-
PCP.

wir-205

von-sma call
lung cancer

np

miR-203 promotes the
growth, metastasis and
chemoresisiance of NSCLC
cells by targeting PTEN.

mir-205

0varian cancer

up

The role of miR-205 in the
VEGF-madiated promotion of
hiyman ovarian cancer cell

vV Asion.

nop-smabl cell
bing cancer

up

Relative expression:
205-5p, miR-205-
mR-23 §
of non-smalt cell hung cancer
patisnts.

tp, and

non-smatl cell
hing cancer

up

Relative expressions of nuR-
205-5p, miR-205-3p, and
unR-2 1 in tissves and serom
of nox-sinall cell lang cancer
patients.

[
<
=]

mig-

esophageal
squamons cell
carcinoma

up

Mir-208 promotes cell
proliferation by repressing
SOXE expression in huian
esophageal squamons call
ICInC A

il

b-cell

Iymphowna

up

MicioRNA unR-17
overexpressed i pancteatic
cancer, associated with a poor
progrosis, and iovolved in
cancer cell protiferation and
LY ASIORL.

[
<>

mig-

a

breast cancer

up

Diagnostic poterdial of
PTEN-targeting miR-214 in
the blood of breast cancer
patients.

breast cancer

up

protiles in buoian breast
cancer celis after
muitifeaction and single-dose
radiation {reatinerd.
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breast up MiR-93 enbaunces
carcisona angiogenesis and wetastasis
by targeting LATS2.
wir-202 cervical cancer | up miR-20a promoetes migration
and invaston by regolating
TNKSZ inn buman cervical
cancet celis.
mie-20a cervical cancer | up Circulating miRNA-20a a
miRNA-203 for Screcning
Lymph Node Metastasis in
Early Stage Cervical Cancer
mic-20a carvical canger | up MiR-20a promotes cervical
cancer proliferation and
imetastasis in vitic and in
vivo.
mir-202 cholangiocarci | up miR-17-92 cluster promotes
noma cholangiccarcinoma growth:
evidence for PTEN as
downsticanmn target and [L-
6/81at3 as upstream acivator.
colorectal up MicroRMNA siguatures: novel
cancer biomarker for colorectal
cancer?
colorectal up MicroRNA expression
cancer profiting of exfoliated
colonocytes isolated from
foces for colorectat cancer
sUreCRing.
mie-20a esophageni up
sguamons cell
carcinoma
tnir-20a 2sophageal ups Exprassion of circulating
sgan cell RNA-207 and fet-7a in
CALCINGIMa esophag quarmaons cell
carcinoma
gastric cancer uwp Invetvewment of miR-20a v
Promoting Gastric Cancer
Progression by Targeting

Early Growth Basponse 2
(EGR2).
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glioma

up

{Expression of miR-204 in

huwvan ghiowa tissines and its
effact an the proliferation of
human glioma ceils in vitro].

PCT/US2017/015417

mic-20a

hepatocellutar
carciooma

up

MiR-20a Induces Cell
Radioresistance by Activating
the PTEN/PISK/AkL
Jignaling Pathway in
Yepatoceliular Carci

mie-20a

CAnce!

1

up

MicroRNA miB-17-5p is
oveie: il pancreatic
cancet, associated with a poor
progrosis, and involved io
ncet cell profiferation and
v asior.

up

A polycisironic microRNA
cluster, miR-17-92, is
overaxpiessed in fonunan lung
cancers and enhances cell
protiferstion.

hig cancer

up

Apoptosis induction by
antisense oligonuclectides
agasnst viik-3 and mik-
202 in lung cancers

overaxpiessing ik-17-92.

mir-202

maligrant
mslanoma

up

Aliered expression of selecied
micrPNAs in metanoma:
antiproliferative and
proapoptotic activity of
MmRNA-155

mantle cell
fymphoma

up

The tiENA-17792 cluster

13O0

mir-202

medutioblaste
ma

up

The miR-17/92 polycision is
up-tegulated i sonic
hog-driven

astomas and
induced by N-ty¢ in sonic
hedgehog-treated cerebeliar
newnal precursors.

nmasopharyngea
1 cancer

up

Cirontating miR-17
miR-29¢, and miR-
Combined as Mon-lovasive
Biomarkers in
Nasopharyngeal Carcinoma.

TR -20a,
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osteosarcoms

up

Upregulation of microRNA-
7-9% cluster associates with

TUMGE pragression angd

PIGZLOSES 11 081E0SALCOITA.
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mir-202

0varian cancer

up

miR-20a promaetes
proliferation and invasion by
targeting APE in bowan
ovaran cancet cells.

[
<>

mie-20a

Gvatian cancer

up

Gvarian tumor-asscciated
mictoRNA. ases
natesd kidler tOt0xRICHyY
by downregulating MICA/B
axpressica.

wir-20a

pitwitaty
carcinema

np

MicioRNA involverest in a
metastaiic non-functioning
pituitary carcinoma.

prostate cancer

up

miR-20a promiotes Prostate
Gancet invasion and migration
through targeting A8

up

Association of mictwoRNA
axpressicn with mictosateiite
instability states in colorecial
adenocascinoma.

mie-20b

breast cancer

up

MicroRNA-20b promotes coil
wih of breast cancer cells
partly via targeting
phosphatase and tevsin
homologus PTEN).

or
it

&S
F

nir-

hepatocellisiar
carcinoma

up

Crucial Role for Early
Growth Response-1 o the
Transcripiional Regulation of
1wiR-20b i Breast Cancer.

rir-21

adrenal cortical
carcinoma

up

The role of microRNA
deregudation in the
pathogenesis of
adrenocortical carcinoing.

mit-21

breast cancer

up

t-generalion sequencing
of miceoRNAs for breast
cancer detection.
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nit-21

breast cancer

up

Quantitative Measurement of
Setum MicioRNA-21

ression in Relation to
Braast Cancer Matastasis in
Chines? Famales.

PCT/US2017/015417

mic-21

breast cancer

up

Diagnostic paiertial of
PTEM-targeting miR-214 in
the blood of breast cancer
patients.

mie-21

breast cancer

up

Tissue specic sxpiession of

buvian breast cancers avd

normal hrman breast tissue in
vivi.

wir-21

breast cavcer

np

Differential expressicn of
miP-21, miR-125b and miR-
191 in breast cancer tissue

mit-21

breast cancer

up

BMP-6 inhibits mictoRNA-
21 expression in breast cancer
through repressing deitaEF1
and AP-1.

mie-21

breast cancer

up

Circulating microRNA-52a
0RMNA-21 as novel
ity invasive
biomarkets for priwary bresst

CAncet

mir-21

up

BERZ/veu sigoaling promotes
cell invasion.

rir-21

breast cancer

up

The Regulaticn and Function
of miR-21-FOXO3a-miR-
Signaling in Breast
Cancer.

mie-21

breast cancer

up

mir-21

breast cau

er

Circntating Twnor Calis
Madkars [oprove Diagnaostic
Specificity of Metastatic
Braast Carcer.

mic-21

up

Gveraspression of miR-21
promotes the proliferation and
migration of cervical cancer

228




WO 2017/132552

PCT/US2017/015417

mir-21 up MicioRNA-2{ promotes cell
prolifesation and down-
magulates the expression of
programmed cell death 4
MDA el vical
[& i
mie-21 cholangiocarci up MicioRNA-21 is
noroa ovatexprassed in human
cholangiocarcinoma and
reguiates programoied cell
death 4 and tissue inhibitor of
metaifoproteinase 3.
rir-21 cholangiocarci | up PTEN and PDCD4 am bona
noma fide targats of microRNA-21
in hasenan
cholangiocarcinoma.
mir-21 cholangiocarci up unR-21 Targets 15-PGDH
noma and Proviotes
Cholangiosarcincma Gmowih.
wir-21 cholangiocarci | up miR-2 1 [nhibition Keduces
noma Liver Fibrosis and Pravents
Tumor Development by
Inducing Apoptosis of CD24+
Progenitor Cell
frir-21 colorectal ups Exprassion of miR-21, roiR-
cancer 31, miR-9% and miR-135b is
correlated with the clinical
pasameters of colotecial
Cancer.
mnir-21 colorectal up MiR-2 1 regulates biological
Cancer behavior through the
PTEN/ K/Akt signaling
i froman colorectal
celis
frir-21 colorectal up
cancer
sohated from
feces for colorectal cancer
screening.
nit-21 colorectal up Circuistin
Cancer microRMAs as Biomarkers of

Colon Cancer.
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mir-21 colorectal up Detoction of miR-92a and
cancer mR-23 in stoel samples as
potential scresning
biomarkers for colorcial
cancer and polvps.
rir-21 colorectal up Correlation of aver-
cancer expressions of mik-21 and
Notch-1 in tuman coloreclal
capecer with clinical stages.
mir-21 colorectal p {ncreased expression of
cancer mictoRNA-2 tand its
association with
chematherapentic responss in
human colotectal cancer.
rir-21 colorectal up MicioRNA-21 coutrols
cancer hTERT via PTEN in tuman
tal cancer cell
profiferation.
mic-21 colaractal up Chirical correlaticns of miR-
Lancer 2} expression in colorectal
cancer patients and effects of
whibition on DL colon
cancet celis.
mit-21 colorectal up Aliered levels of the onco-
carciooma microRMA 21 and the tumas-
supressor micrcRMNAsS 143
and 145 in advanced rectal
cancer indicate successfisl
neoadjivant
cherotadiotherapy
mir-21 diffuse large up {nhibition of miR-21 Indices
ik Biological and Bebavioral
ymphoma Alterations in Difise Large
B-Celi Lymphema
wir-21 endewetsial up Highly increased maspin
cancer expissict corresponds with
up-tegelation ¢f miR-21 in
endowmetsial cances: a
prekiminary report.
frir-21 2sophageal ups The expression of miR-21
cancer and o §
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nit-21 esophageal up iDiagnostic values of salivary
Cancer versus avd plaswa
mictcPRNA-21 for eardy
escphageal cancer].
mic-21 esaphageal up Alteration of mdRNA
cancer Exprassion Correlates with
Lifestyle, Social and
Enviroumental Detesinisants
in Esophagesl Carciooma
mie-21 esophageal up wmiR-21 Down-Regulation
squamons cell Suppresses Cell Growth,
casciooma Givasion and Induces Cell
Apaptosis by Targeting
FASL, TIMP3, and RECK
Geoes in Esophagea
Carcinona.
rir-21 asophageal up Exprassion of microRMAs in
squatnons cell squataces cafl carcinoma of
carcinoing k and the
15 and
miP-2 3 < markers
for HNSCC and ESCC.
mit-21 asophageal up MicroRNA-Z1 promotes the
squamaons call prolifaration and inh.
carcinoma apoptosis in Ecal09 vi
activating ERK/2/MAPK
pathway
mie-21 esophageal up Relationship betwaen altered
squamons cell expiession levels of MIR2Y,
carclooma MIR 143, MIR 145, and
MIR205 and
clinicopathologic featores of
esophageal squamons cell
carcinsma.
rir-21 asophageal up Exprassion, Tissue
squatnons cell Distribotion and Funciion ¢
carcinoing miR-21 in Esophageal
Squatsous Cell Carcinoma.
mie-21 esophageal up Circulating microRNAs in
sguamons cell plasma of patients with
carcinoma oesophageal squamons cell
carcinoma.
mir-21 esophageal up D Regulation of PTEN
squarous cell Exy on Modulated by
carciooma Dysiegnlated miR-23

Contributes 1o the Progiession
of Esophageal Cancer.
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nit-21

asophag
sgnamons cell
carcinema

up

Clinical impact of senam
exosomal microRNA-21 asa
clinical biomarker in human
escphageal squamous cell
Carcinon:

PCT/US2017/015417

mic-21

gastric cancer

up

Oxidative Stress Upregulates
PDCD4 Expression in
Patients with Gastric Cancer
via mk-21

nit-21

gastric cancer

up

mictoRNA-2 | promotes
timor protiferation avd
invasion in gasteic cancer by
targeting PTEN.

rir-21

gastric cancer

up

Evaluation of MicroRMA.
Expression Pattern of Gastric
Adenscarcinoma Associy
with Socioeconom
Enviranmenial and Lifestyle
Factors in Nomhwsstem
Hungary.

mit-21

gastric cances

up

MicroRNA-Z1 inbibits
Rerpinil, 2 gene with noval
tmour suppressive effacts in
gastric cancer.

rir-21

gastric cancer

up

MicioRNA-21 stivnulates
gastiic canoer g
invasion by inhi
timor suppressor ef¥ecis of
progtamwed celd death
protein 4 and phasphatase and

mit-21

gastric cances

up

tensin homoelog.

miR-73 plays a pivotal role in
gastric cancer pathogenesis
and progression.

rir-21

gastric cancer

up

miR-21 Is a Promising Novel
Biomarker {or Lymph Node
Metastasis in Patients with

tric Cancer.

mie-21

gastuic cancer

up

Steonal miR-21 is more
important than miR-21 of
tumour cells for th

progression of gastric caveer.

rir-21

gastric cancer

up

ircidating micrcRNAs in
ma of patienis with
gastric cancers.
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mir-21

gastric cancer

Plastua meicroRNAS, miR-
223, miR-21 and waR-218, as
novel petential biomarkers for
gastric cancer detection.

mit-21

gastric cances

up

msRNA-223 provioies gasitic
cancer invasion and
metastasis by targeting tumor
suppressor EPB41L3.

rir-21

gastric cancer

up

Prognostic impact of
ircolating nk, in the
plasma of patients with
gastiic carcinona.

=

frir-21

slioblasioma

up

Heterogeneous MNuclear
Ribouucleoprotein CirC2
Couvirols th astatic
Potential of Glicblastoma by
Regulating PDCD4.

mit-21

glioblastoma

up

Sulforaphane enhanc
temozolomide-induced
apaptosis due ta
dowmreguiation of miR-21 via
Wit/ nin sigualing in
ghoblastoma.

5

frir-21

gliobiasioma

up

MicroRNA-21 tacgets
LRRFIPI and coutributes to
VM-26 resistance in
glicblastoma mubtiforme

mit-21

glioblastoma

wp

POOF-B-mediated
downregnistios of mik-21:
new insights inta PDGR
signaling in ghoblastoma.

mic-21

glioblasioma

up

Downregolaiion of miR-21
inhibits EGFR pathway and
suppresses the growth of
yman glioblastona cells
independent of PTEN status

wir-21

gliobiasioma

np

Expression of 19 microRNAs
in glioblastoma and
comparison with other brain
aeoplasia of grades I-{{L

mie-21

ghioblasioma

up

G-delivery of as-roiR-21 and
5-FU by poly(amidoamine)
dendtimer attevuates huwman
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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
Srotein-3 (IG

rir-21

glioblasioma

up

Downregulaticn of
mir-21 facilitates
slioblastoma proliferation in
VIVO.

Fdcdd by

mir-21

ghioblastoma

up

MiR-21 up-regnlation
mediates ghicblastoma cancer
stem calls apoptosis and
poliferation by targeting
FASLG.

rir-21

glioblasioma

up

MicioRNA 21 prowicies
ghioma invasion by targeting
matrix metalloproteinase
regulators.

frir-21

slioblasioma

up

Delivery of anti-micioRNA-
21 antisense-
oligodeoxynucleotide using
awphiphilic peptides for
ghicblastoma gene therapy.

mit-21

glioblastoma

wp

MicroRNA-21 targets 2
network of key fumor-
suppressive pathways in
shioblastoma celis.

frir-21

head and necl
cancer

up

MicroRNA alterations in head
and neck sque cell

mir-21

up

wir-21

bead aod veck
squatous cell
CArCInGCIa

np

¥
H

Target of microRNA-21 in

Head and Neck Squaracos

Cell Carcinomng.

mic-21

head and neck
sguamons cell
carcinoma

up

Co-targating of nmitiple
mictocRNAs on factor-

inhibiting by poxia-inducibie
factos (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-73 and miR-
carcingtng 205 are prognostic markers of
head and neck squamous cell
carcinoma.
mir-21 hiead and neck up Expression of microENAs in
squamous cell squarsous cell carcinonia of
casciooma huwan kead and neck and the
esophagus: mik-205 and
miR-21 are specific matkers
for ANSCC and ESCC.
mic-21 hepatocellutar up Role of mictcRNA-155 at
cinoma
C37BL/6 mice
nit-21 hepatoceliular up MicroRMNA-21 promotes
carciooma hepatocelintar carcinoma
Hep(i2 cell pradiferation
through repression of
i gen-activatad protein
kinas se 3.
rir-21 hepaioceliniar up MicioRNA-21 promotes oatl
carcinoma eration in hutoan
nit-21 hepatoceliular up GRNAs, unl-
carclooma nd miR-223, n
rir-21 hepaioceliniar up Arti-miR-21 Suppresses

carcinoma

Hepatocellnlar Carcinoma
Growth via Broad
Transonptional Network

Dewgulation.
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nit-21

hepatoceliular
carciooma

up

oiR-2 1, v
miP-145, o
200¢, miR-221, miR-222, and
1wiB-223 i patients with
hepatocelinlar cascinoma or
intrahepatic
cholangicearcinonma and its
PIG2NO

PCT/US2017/015417

wir-21

bepatocellsiar
carcinema

np

Dehydroepiavdrosierone-
induces miR-21 transcripti
in Hep(G2 cells thiough
estrogen receptor 7 and
andiogen rec g

mie-21

up

wiR-21 Inhibition Reduces
Liver osis and Prevents
Timor Developiment by

Inducing Apoptosis of CD24-+

Progeuitor Ceils.

wir-21

bepatocellsiar
carcinema

np

miR-2 L promotes migration
and invaston by the miR-21-
PDCD4-AP-1 feedback loop
in homan hepatocelhalar
carcinoma.

nit-21

hepatoceliular
carcinoma

up

Expression of setusm
exosonal microRMNA-21 in
human hepatocedlutar
ICInCHA

il

rir-21

bepaioceltblar
carcinoma

up

Thymid harmoene regulation
of miR-21 2n) 2%
migration and fovasion of
hepatona.

nit-21

hepatoceliular
carcinoma

up

miR-21 expressic

prog

mie-21

rocellular
NGING

up

MictoRNA-21 suppresses
PTEN and hSol{-1 expression
and promotes hepatoceliular

CATCINoIMA Prograssion
through AR T/EPRK. pathways.




WO 2017/132552

nit-21

hepatoceliular
carciooma

up

Indole-3-carbinol inhibits
tmmorigenicity of
hepateceliudar carcincma
cells via suppression .
icroRNA-21 and
upregulation of phosphatase
homolog.

and tenst
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nit-21

hypopharyngea
{scuamous cell
carcinema

up

Altered ession of miR-21
and PTEN 0 Humsn
Laryngeal and
Hypapharyngsal Squamons
Cell Carcinomas.

mic-21

kidnsy cancer

up

miP-21 dowegulated
TCF21 to inkibit KISS1 in
ienal cancer.

nit-21

carcoma

up

Eegmuation of the cell cycle
gene, BTG2, by miR-21 w
hyman laryngeal camcinoma.

mit-21

laryngeal
squamons cell
carcinoma

up

Downwegolation of miR-21
modulates Ras expression to
promote apcplosts and
suppress invasion of
Laryngeal squatious cell
CATCINO Y

nit-21

CACINGING

up

Altered E: sion. of miR-21
and PTEN 0 Humsn
Laryngeal and
Hypapharyngsal Squamons
Cell Carcinomas.

rir-21

liver cancer

up

microRMA 21-mediated
suppression of Sproudy1 by

> 1affects liver cances
cell growth and proliferation.

mie-21

lung cancer

up

Evalvation of dynaroic
change of seruro miR-21 and
nik-24 1

mir-21

up

13l MicroRMAs

on W Sero of
Patierts with Lung Cancer,
Polmonary Tuberculosis, and
Preurocnia.

rir-21

hing cancer

up

Exprassion and significance
of mRNA-21 aod BTG2 in
hing cancer.
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mir-21

wialignast

up

mtcroRNA-21 is upregndaied
in malignant melavowa and
influences apeptosis of
melanocytic celis.

mie-21

malignant
melanocina

up

MiR-21 2nba nelanoma
invasiveness via inhibition of
tissue inhibior of
metailoproteiv
axpressica: in viva effiscts of
MiR-21 inhibitor.

3

mit-21

muitiple
myeloma

up

Integrative avalysis of
ifferential miRNA and
functional study of miR-21 by
seed-targeting inhibition in
wdtiple mwyeloma cells in
respotse to berbering.

frir-21

{ carcin

up

Activation of miR-21 by
STAT3 Induces Proliferation
and Suppresses Apoptosis n
Nasopharyngeal Carcinoma
by Targeting PTEN Gene.

mit-21

mall celi
cancer

up

Bigh expression of seruw
miR-2 1 and tumior mik-200¢
associated with poor
PIGROSES in patierds will
ling caucer.

mic-21

non-small cell
hang carcer

up

Clinical evaluation of
mictocRNA expression
profiling in non smatl cell
hang cancer.

frir-21

aon-small cell

fing cancer

up

Downregulation of
mcroRNA-2Y expression
restiains non-sinall cell hung
cancet cell protiferation and
migration thiough
uprgaelation of prograromed
cell death 4.

mic-21

non-small cell
hang carcer

up

Identification of plasma
miciocRNA-21 as 2 biotarhker
for early detectic d
chemosensitivity of nou-sinali
cell long cancer.

mir-21

wiall cell

hig cancer

up

expression of
moies radiation-
of non

MNA-21
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mnir-21 nop-smatl cell up Prognostic significance of
cancer seruw MRNA-2T expression
in human nou-smali cell lung
cancer.
rir-21 son-small cell up Let-7g and miP-21
lung cancer exprassion in non-smali cell
Iung cancer: Correlation with
clisicopathological avd
molecular featurss.
nit-21 nop-smabl cell up {Overexpression of miR-21
bing cancer proviotes pioliferation and
reduces apoptosis in pon-
stoall cell hung cancer].
mic-21 non-small cell up MiR-21 supprasses the
hing cancer anticancer activities of
curcumin by targeting PTEN
gene in hisman matl cell
hng cavcer A349 cells.
mie-21 non-small cell up Use of Luminex xMAP bead-
hig cancer based suspension artay for
detecting wicroRNA in
> tissues and iis
clinical application.
wir-21 von-sma call up Alteration tn Mir-2 /PTEN
hmg cancer expression modulaies
gefitinib resistance in non-
smalt cell long cancer.
rir-21 son-small cell up Prognostic value of mature
icroRNA-21 and
mictocRNA-205
Overexpression in nou-sinali
cell lung cancet by
quaniitaiive real-time RT-
PCR.
mit-21 non-smatl cell up Reduction of Plasma
hing cancer MicioRNA-21 is Associaied
1 Chemotherapentic
ierds with
Limg Cancer.
mie-21 non-small cell up MictoRNA-21 (miR-21)

hang carcer

regulates cethular

i cration, invasion,
migratios, and apopiosis by
targeting PTEN, RECK and
B in fong squainous
cincroa, Gejin City, China.
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nit-21

oral cancer

up

MicroRMA-21 Promotes Oral
ancer Invasion via the
Wni/?-Catenin Pathway by
Targeting DKK2.
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mie-21

sral squamons
cell carcinowa

up

Relationship betwaen
mictoRNA expression levels
and histopathological features
of dysplasia o oral

tenkcplakia.

wir-21

oral squamons
cell carcinonma

np

Altered evels of miR-21,

miP-1258-2* miR-134, iR -

155, 184, and

in ol squamons cetl

04 and A8S0CIEHOR
icopathalogical

charactensti

nit-21

osteosarcoms

up

Identificy Jerons
MicioRNA-21as a
Biomarker for
Chemosensitivity and
Prognosis in Buman
DOsteosarcoma.

rir-21

osteosarcoma

up

mie-21

sstegsarcona

up

A three-plasma miPNA
signatire serves as novel
biomarkers for osteasarcoma.

mir-21

Gvarian cancer

The inbibition of mnR-21
promotes apoptosis and
chemosensitivity in ovarian
cagcer.

rir-21

panciatic
cancer

up

MicmRNA-21 is
overaxpiessed in pancreatic
and a potential

or of smvival.

mie-21

pancieatic
cancer

up

RNA-21 modolates
ical fincticns ¢
pancresiic cancer cells
includiog their proliferation,
invasion, angd
chemorgsistance.
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nit-21 pancreatic up MiR-21 upregulation indoc
ductal by prowmoter zove histone
adenocarcinom acetylation is asscciated with
a chemoresisiance to
gemcitabine and erhanced
maligoancy of patcieatic
cancet celis.
mie-21 pancieatic up MictoRNA-21 in pancreatic
ductal cancer: correlation with
adenocarcinom clivical outcome and
a pharmacclegic aspacts
underlying its mle in the
moduiaticn of gemcitabine
activity
rir-21 pancreatic up Moduiation af FoxO1
ductal exprassion by mR o
adenocarcinont mromote growth of panc
a ductal adenocarcinea.
nit-21 pancreatic up Knockdown of microRNA-21
Juctal inhibits protiferation and
adenocarcinom increases cell death by
a targeting programmed ceif
death 4 (PDCD4) in
pancreatic ]
adenocarci X
mie-21 pancieatic up Interplay of miR-21 and
ductal 1 modulates growth of
adenocarcinom pancreatic ductal
a adenocarcinoma
mie-21 pancreatic uwp Association of
ductal axpression with its targets,
adenooarcinom PDCD4 and TIMP3, in
a pancreatic tal
adenocarcinosng.
nit-21 up MiR-24, unR-34a, miR-198
and wik-217 as diagunostic
and prognostic biomarkers for
a chronic pancreatitis and
pancreatic ductal
adenocascinoma.
rir-21 pancreatic up MicioRNAs as diagnostic
duoctat markers for pancreatic ductal
adenocarcinom adenocarcinona and its
4 CUISCS, PAnCIeatic
intracpithelial neoplastw.
frir-21 pancreatic ups MicroRNA-21 in Panoreatic
ductal Ductal Adenoc

adenocarcivon
2

Tumoi-Associated Fibrob}
Promotes Metastasis.
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nit-21 papillary up E: sion of mIRNAs in
thy woid ilary Thywid Carcinomas
carcinema Is Asscciated with BRAF
Mutation and
copathiological Featres
rir-21 papillary up MicioRNA-21 regulaies
thyroid biokogical behaviors in
carcinoing papillary thyroid caicinoma
by tatgating programmmead cell
death 4.
wir-21 up MicioRNA-2Uinhibits
pSTKip2 expression in
Prostate cancer.
rir-21 prostate cancer | up A stody of malecular signals
deregudating mistnatoh repaic
genes in prostate cancer
compared to benign prostatic
hyperplasia.
nit-21 renal cell up miR-21 dowunregulated
casciooma TCE2I fo intubit KISS3 in
o3l cancer.
mit-21 renak cell up MicroRNA-21 is
carcinonma overexprassed in renal cell
carcinoma.
mir-21 wenal cell up MicmRBNA-21 {mik-21) posi-
carcinoma i i
downreguiates fuimor
suppressor PDCDY and
promotes cell transformation,
protiferation, and metastasis
i ool carcingtoa.
mit-21 renak cell up rical utility
carcinonma as a diagnostic and progoostic
matker for renal cell
Carcincroa.
mit-21 up s anti-wik-21

2 malignant
progression of retinoblastoma
and analysis of their
phosphorviation signaling
pathwa
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nit-21

SOUANIONS
carciooma

up

Unigue MicroRNA
Expression Profiles i
Cervical Cancer.
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wir-21-
Sp

Exploring the miRNA-mRNA
regulatory vetwork in clear
cell renal cell carcinomas by
exi-generation saquencing
expiession profiles.

fir-21-
S5p

w2cial cancer

up

Overexpression of miR-21-5p
as a predictive et for
complete tumor regiession to
neoadjuvant
chemeradictherapy in rectal
cancer patients.

wir-210

adrenal cortical
carcinema

5

The rele of mictoRNA
deregulation in the
pathogenesis of
adrenocortical carciaoma.

mie-210

bladder cancer

Synthetic miRMNA-mowers
targeting nuRk-183-96-182
cluster or muR-230 tuhibit
growth and migration snd
induce apoptosis in biadder
cancer cells.

mie-210

up

Bypoxia-ioducible MiR-210
is an independent prognostic
factor and contribu
metastasis in ool
CanCat

mie-210

esophageal
cancer

up

Differantial expression of
miRNAs i esophageal cancer
tissue.

mie-210

glioblastoma

up

Acute hypoxia induces
uprzgulation of microRNA-
210 expiession in
glioblastoma sphercids.

rmir-210

glioma

up

MiciRNA-210
overexpression predict
poores prognosis in glioma

mie-210

ghioma

up

s.
MIR-210 up-reguiation
inhibits proliferation and
indisces apoptosis i ghoma
cells by tatgeting
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mi-210

hepatoceliular
carciooma

up

Effects of kuockdown of
miR-2 10 in combinatics. with
icnizing radiation on human
hepatoma xenograft in nude

IO,

PCT/US2017/015417

mie-210

hepatocellutar
carciooma

up

ig-inducible

-230 augments the
metastaiic potential of hunor
cells by targeting vacuole
membrace preteta 1 i

hepateceliular carciocmoa

mi-210

kidney cancer

up

miR-210 1s 4 target of
hypoxia-tnducibie factors 1
and 2 in renal canoer,
mgniates I8CYT and correlates
with good prognosis.

rmir-210

hing cancer

up

MiR-210 prometes a hypoxic
and increases

ce in himan hing
cancet celi lines

rmir-210

maligrant
mslanoma

up

Comparative analysis of

cancer models,

mi-210

wielavoma

up

MicroRNA-15b re
independent prog;
paramneter aod is cormelated
with tumor cell protiferation
and apoptosis tn malignant
melancsog.

eSents an

rmir-210

osteosarcoma

up

Prognostic evaluation of
iicroRNA-2 10 expression in
pediatiic osteosarcoma.

mie-210

Gvatian cancer

up

wiR-210, a modulator of
hy poxia-indoced epithelial-
mesenchymal transition in
ovarian cancer cell

mie-210

up

MiR-210 expression in tuiior

carcinoma.
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mi-210

renal clear cell
casciooma

up

s g

Overexpression of mik-210, 2
downstream target of HIF1?,
CALSES CEniIcs0me
atrplification in reoal
carcinoma celis.
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mie-210

renal clear cell
carcinoing

up

B NA profiling for clear
cell renal cell carcinoma:
biomarker discovery and
identification of potential
controlks and consequences of
iR NA dysiegudation.

mie-210

renat clear cell
carciooma

up

Serero miP-210 as a poiential
biomarker of early clear celi
renat cell carcinoma.

mnir-210-
3p

glioblastoma

up

Hypoxic si; e of
microRMAs in ghioblastoma:
insights from small RMNA
deep sequencing.

mie-21

up

MicroRNA-211 exprassios
promoeins colaractal cancer
cell growth in vitro and in

mni-212

up

Hedgabtog Pathway Recepior
PTCHI.

mie-212

non-smatl cell
hing cancer

up

Synaptic acetylcholivesterase
targeted by microRNA-212
functicns as 2 tumor
suppressor in nog-senali cell
ling caucer.

mie-212

pancieatic
cancer

up

wiR-132 and miR-212 are
increased in pancreatic cancer
and target the retinoblastoma
TWNOF SUPPISSSOT

mie-212

ducial
adenncarcinon

a

up

k-2 12 promotes pancreatic
cancer cell growth and
invasion by targeting the
hedgehog signabing pathway
receptor paiched-1.
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mi-214

gastric cancer

up

miRNA-223 prowmiotes gastric
cancet invasion and
metastasis by targeting tumer
suppressor EPB41L3.

PCT/US2017/015417

mir-214

gastric cancer

up

Down-regulated miRMNA-214
induces a cell cycle G1 amrest
in gastric cancer cells by up-
iegnic the PTEN protein.

gastric cancer

up

gastilc cancer tissue-detived
mesenchymal sten: cebls:
novel biomarkers and 2
inechanisto for gastiic cancer.

mic-214

gastric cancer

up

Hamolysis-fize plasma mik-
234 as navel biomarker of
gastric cancer and is
correlated with distant
metastasis.

mie-214

glioma

up

Asgociations betwees the
Exprassion of micro-RMNA
214 and clinicopathologic
paramneteis of glioma.

mi-214

hepatoceliular
carciooma

up

MicroRNA-214 wegulates the
ired resistance fo

wib via the PTEN/AKT
pathway in EGFR-mmnant cell
lires.

mie-214

malignant
melanoma

up

Coviparative snalysts of

melanca deregulated

B NAs i the roedaka and

Xiphophorus pigment cell
ancer models.

mir-214

up

miR-214 promotes
tumongenests by targeting
Iactotransfettin in
nasophatyngeal caccinoma.

mir-214

wascpharyngea
1 carcinoma

up

Krockdown of miR-214
Promotes Apopt nd
Inhibits Cell Proliferation in
Nasopharyngeal Carcinoma.
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mi-214

osteosarcoms

up

Upregulated expression of
microRMA-234 ts linkad to
TUMGE pragression angd
adverse prognosis in pediateic
ostRosarcomA.
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mir-214

0varian cancer

up

Micio-RNAs and ovatian
cancer: the state of art and
perspectives of clinical
research.

mi-214

pancreatic
cancer

up

Dysregnlation of nuR-152
and wik-214 iv human
pancreatic Cancer.

mir-215

cervical cancer

up

Z

ictoRNA-215 is a patential
progoostic marker for cervical
¢

mie-215

gastuic cancer

up

MictoRNA-192 and -215 are

pregalated i human gastric
2T iR Vivo and SIppress
ALCAM exprassion in vito,

wir-215

gasteic cancer

np

MiR-215 wodulates gasine
cancer cell pro}iferation by
targeting RBL.

mir-215

gastric cancer

up

MiR-215/192 pasticipates in
gastric cancer progression.

mi-215

hepatoceliular
carcinoma

up

erom mictoRNA
characterization identifies
miR-885-3p as a petental
marker for detecting liver
pathologies.

mie-216a

up

Androgen pathway stiviulates
microRMA-216a travscription
0 suppiess the tuocr
soppressor in tong cancer-1
gone in carly
hepatocarcinogenesis

tnir-216a

hepatocelinlar
carcinoma

up

MiR-216a/217-induced
epithelial-mesenchyal
teansition targets 811N and
SMAD?7 to promote drug
resistance and recurrence of
liver cafcer.
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mi-217

breast cancer

up

MiR-2{7 Prowmotes Tusnos
Proliferation in Breast Cancer
via Targating DACHL.

PCT/US2017/015417

mic-217

hepatocellutar
carciooma

up

MiR-2162/217-induced
apithelial-mesenchymal
wansition targets PTEN ard
AMADT to promote drug
resistance and recussence of

liver cancer

mi-218

phageal
anuamons cell
carcinema

up

o
"

15}

miR-218 i
growth and enhanc:
chemasensitivity of
ascphageal squamcus cell
carcinoma to cisplatin.

mic-22

non-small cell
hing cancer

up

Circulating miR-22, miP-24
and mik-34a as novel
pradictive biomarkers to
pemetiexed-based
chemotbempy in advanced
non swoalh cell lung cancer.

mir-221

anaplastic
thy woid
CACINGING

up

A 4-MictoRNA signature can
discriminate primary
bysnphomas $Fom avaplastic
ingraas in thy raid
cytology sinears.

bladder cancer

up

kidney and bladder cancers

mie-221

bladder cancer

MictoRNA-221 silencing
predisposed bunan biadders
capeer cells to undergo
apoptosis nduced by TRADL.

mir-224

breast cancer

up

TRPSI targeting by miR-
221/222 promotes the
apithelial-to-mesenchy mal
tansition in breast cancer.

mie-221

breast cancer

up

From microRNA functions to
miciocRNA therapeu
Novel targ: nd novel diugs
inbreast cancer research and
ireatmant (Review).

mie-221

breast cancer

up

muR-221/222 proviotes S-
phase entry and celiular
migration in contmi of basal-
like breast cancer.
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wir-221 colon up PMictwoRNA-2Z3 promoies
carcinama colon caminoma cell
proliferation in vitro by
inhibiting COKNLC/p3S7
CXPICSSIon]
fmir-221 colorectal ups MicroRNA-221 inhibits
cancer CDENIC/HST expression in
hyman colotectal carcinoma.
mir-221 colorectal up MicroRMNA-22 1 countrols
Cancer COKNIC/BST exprasston i
haman coloracial carcinoma)
wir-221 colorectal up MicioRNA-221 promotas
cancer colorectal cancer cell invasion
and metastasis by targeting
RECK.
mie-221 esophageal up Alteration of riRNA
cancer Expression Cosrels with
vie, Sactal and
nviranmental Determicants
in Escphageal Carcinona
mnir-221 follicular up
thy woid on defines migration
CACINGING and reduced apoptosis in
follicular thy roid carcinomas.
mir-221 gastric cancer up miRNA-223 promotes gasing
cancer tnvasion ard
metastasis by targeting tumor
suppressor EPB41LS.
mie-221 gastiic cancer up

Inecreased Expression of
MicroRMA-221 in gastric
cancet and iis clivical
sigoificance.
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mir-221

gastric cancer

up

Deregulated microRNAs in
gastilc cancer tissue-detived

mesenchymal sten: cebls:
novel biomarkess and a
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mie-221

ghioma

up

MictoRNA-221 targeting
PI3-K/AkE sigualing axis
induces cell proliferation and
BCNU rasistance in buman
glicblasioma

wir-221

glioma

np

MiR-221/222 pramote huwian
ahioma cell tovasicn and
angiogenesis by targeting
TIMP2.

mie-221

ghioma

up

Co-suppiassion of miR-
2247222 chuster suppresses
human gliowa ceil growthby
targeting p27kipd i vidro and
inviva.

wir-221

glioma

np

Mid and miR-222 rarget
MA to induce cell survival

mie-221

ghioma

up

ghioma cell
i effects of

mir-221

hepatoceliular
carcinoma

up

CDENIC/pST and
CDXNIB/PLT expression in
human kepatocelivlar
carcinona.

mie-221

hepatoceliular

up

Rele of mictoRNA-155 at
early stages of
hepatocarcinogenesis induced
by choline-deficient and
aniino acid-defined dist in
C3TBL/G mice

mir-221

bepaioceltblar
carcinoma

up

miR-223&222 egulate
TRAIL resistance and
enhance hunorigerdcity
throisgh I and TIMP3
downreguiation
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mir-221 hepatoceliular up
casciooma oiR-2 1, ok
miP-145, o
200¢, miR-221, miR-222, and
1wiB-223 i patients with
hepatocelinlar cascinoma or
intrahepatic
cholangicearcinonma and its
PIG2NO
wir-221 bepatocetbsiar up MicioRNAs iv Hepatobiliany
carcinema and Pancreatic Canosrs.
mie-221 up ased MiR-221
in hepatocellnlar
wa tissues and s role
sing cell growth and
inhibiting apopiosis in vi
wir-221 Giver cancer up Bioinformatics analvsis
identifies miR-221 as a core
mgulater in hepatocstiolar
carcinoma and its sifencing
SUPPresses LINoL Propeties.
mir-221 maligrant up The abrogation of the
mslanoma HOXB7/PBX2 complex
ngh the mik-
35 patbway .
mnir-221 up MicroRMNA-221 promotes
huoian non-swab cell Jung
cancer cell 460 growth.
mie-221 non-small cell up wmiR-221&222 regulate
hig cancer THAIL resistance and
enhasice tmorigenicity
through PTEN and TIMP3
downregniation.
mir-224 oral squamous up unR-221 and wik-222
cell carcinovia expression increased the
growth and tumorigenests of
oral oot cells.
mie-221 ostessarcoma up MictoRNA-221 Induces Cell

Survival and Cisplatin

i ance through PI3K/Akt
hway in Hwman
Osteosarcoma.
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mir-221 ovatian cances | up Micro-RMAs aud ovarian
cancet the state of art and
parspectives of clinical
research.
mic-221 pancreatic up Down-regulation of miR-221
cancer i proliferation of
ic cancer cebls
through ip-regulation of
PIEN, p27%ipt), pS7ip2),
and PUMA.
mir-221 pancreatic up miR-228/222 induces
cancer PANCFEatic cancer progression
theough the regulation of
matrix metalloproteinases.
mir-221 up Metformin Causes Gi-Phase
Arrest via Down-Regudation
of MiE-221 and Enhances
TRAIL Seositivity through
DP5 Up-Regulaticn in
Pancreatic Cancer Cells.
wir-221 papiilary up Exprassion of miRMNAs in
thyroid Papiary Thy Casctnonas
carcinoma s Associated with BRAF
Mutation and
Chnicope
in Chinese Paticnts.
mie-221 papillaty up Integrated analyses of
thyroid mictoRNA and mRNA
carciooma expression profiles in
aggressive papillary thyroid
carcinoma
mie-221 mapiary up Micro&NA analysis as /
thywid potential diagooste tool for
carcinoma papitiary thyroid carciroma.
mir-221 papillary up n vive imaging of fonctional
thyroid targeting of miR-221 in
papillary thyroid carcinoma.
mir-224 fary up o vivo imaging of mik-221
thyreid biogenesis in papilaty
carcinoma thymid carcinoma.
mir-224 prostate cances | up MiR-221 promotes the

development of androgen
independence in prostate
cancer celis via
dowmreguiation of BECTD?
and RAB1A.
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mir-221 SQUAMOUS up Usdgue MicroRNA
carciooma Expression Profiles i
Cervical Cancer.
mic-221 thyroid up MicroRNAs (miR}-221 and
carciooma miR-222, bath overexpessad
in homan thyroid papill
carcinosoas, regulate p27Kipl
protetn levels aod cell cycle.
gastric cances up MicroRMNA profiling of
huvian gastric caveer.
mie-222 anaplastic up
thy woid
carcinoma
bladder cancer | up eased expression of mik-
15 associated with poor
guosis tn bladde 65
wir-222 breast cancer up Aralysis of serum genome-
wide microRNAs for breast
cancer detection.
mnir-222 breast cancer up miR-22§/222 prowiotes 8-
phase eatry and celludas
migration tn contind of basal-
tike breast cancer.
rmir-222 breast cancer up 51 targeting by miR-
2 promotes the
epithelial-to-mesenchyn
n hreast cancer.
mie-222 gastiic cancer up 3 promoies gasteic
cancer invasion and
metas ¢ targeting tuinor
suppressor Bl
gastric cancer up {ncreased miR-222 in H.

pylori-associated gastric
cancer comelated with umor
gression by promating
cancer cell protiferation and
targeting RE!
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mnir-222

gastric cancer

up

mesenchymal sten: cebls:
novel biomarkess and a

mechanisto for gastic cancer.

PCT/US2017/015417

rmir-222

gastric cancer

up

Circulating miR-222 in
plasma and its potantial
diagnostic and proguosiic
valie in gastsic cancer

gastric cancer

up

miR-222/VGELLA/Y AP-
ADT regulatory loop
promotes proliferation and
invasion of gastric cancer
cells.

mic-222

glioma

up

Co-supprassion of tiR-~
2217222 clusier supprasses
hmman glioma cell growih by
targeting p27kint in vitro and
inviva.

glioma

up

PUMA to indice cell survival
in glioblastoma.

mie-222

glioma

up

MiR-22 2 promote iyman
giicma cell invaston and
angiogenesis by targeting
TIMEZ.

mnir-222

hepatoceliular
carcinoma

up

GNAI3 inhibits tumor cell
migration and invasion and is
post-transcriptionally
magulated by mdR-227 in
hepatocelidar carcingroa.

rmir-222

bepaioceltblar
carcinoma

up

Role of microRNA-135 at
catly slages of
hepatocarcinoganasis induced
by choline-deficient and
amiv acid-defined diet in
CSTBL/6 mice.

ocellisiar
carcinoma

up

unR-221&222 regulate
TRAN. resistance and
anhance imorigericiy
through PTEN and TIMP3
downregnlation.
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mnir-222 hepatoceliular up
carclooma miR-2 L, oiR-31, wik-122,
miP-145, 0ik-146a, mik-
221, mdR-222, and
tients with
hepatocelinlar cascinoma or
intrahepatic
cholangicearcinonma and its
PIG2NO
bepatocetbsiar up MicioRNAs iv Hepatobiliany
carcinema and Pancreatic Canosrs.
hepatoceliular up
carciooma microRMAs (miR-222, miR-
381, miR-216) in huwman
hepatocelinlar carcinoma and
its climical significance].
rmir-222 maligrant up The abrogation of the
mslanoma HOXB7/PBX2 complex
inch in
mela ongh the mik-
221 P08 patbway.
mie-222 up unR-221&222 regulate
hang canc TRAN. resistance and
anhance imorigericiy
through PTEN and TIMP3
downreguation.
rmir-222 son-small cell up Use of Luminex xMAP bead-
based suspension array for
detecty
NSCh
clinical apphi
mie-222 oral squamous up unR-221 and wik-222
cell carcinovia expression increased the
growth and tumorigenests of
ooty cells.
mie-222 pancreatic up 21222 indices
cancer PANCIeatic Cancer progression
through the regulaton of
matrix metatloproteinases.
mie-222 papitlacy up Imtegrated analyses of
thy roid mictoRNA and mRNA
carcinoma EXPYEss files in

aggressive papillary thyroid
carcingma
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mnir-222 papillary up MicroRHMNA analy sk a
thy woid potential diagoostic taol for
carcinema papillary thyrcid caminoma.
rmir-222 papillary up MicioRNA signature
thyoid distingmishes the degres of
carcinoing aggiessiveness of papiliary
thyoid carcinema.
wir-222 papiilary up Cirawating micro!
thyroid profiles as potential
carcinonma bicmarkers for diagnosis of
papitlary thyroid carctroma.
rmir-222 papillary up Exprassion of miRMAs in
thyroid Papiifary Thyioid Carcinomas
carcinoing Is Associated with BRAF
Mutation and
Clirioopathological Featuras
in Chinese Patients.
wir-222 thy woid up MicioRNAs (miR)-221 and
CALCINGIMa mR-222, botb overexpressed
in buran thyroid papillary
carcinomas, regolate p27Kipl
proiein levels and cell cyele.
wir-2272 endcmeiiial up
3p cancer
bladder cancer | up Micio-RNA profiling in
Kidney avd biadder cancers.
mie-223 colorectal up Association of miceoPNA
Lancer axpiession with microsateliite
instability status in colorectal
nowa
me-223 colorectat up Circulating Exosomat
cancer oRNAs as Bicwa

Colon Cancer.
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w2
[

Enii-

colorectal
cancer

up

MicroRMNA-223 functions as
an oncogene in hwman
colarectal cancer cells.

PCT/US2017/015417

mi-223

colaractal
cancer

up

Overexpression of miR-223
corielates with tumor

sis and pooe proguosis
nts with colorectal

23

o

mig-

colorectal
cancer

up

ctivated
mictocRNA-223 prouiotes
tmour growth through
rargeting RASAL in tuman
colorectal cancer.

mi-223

esaphageal
adenncarcinon

up

MicroRNA 223 is Up-
mgniated in the Multistep
Progression of Bawett's
hagus and Modulates
Sevsitivity to Chemotherapy
by Targeting PARPIL.

Esopl

w2
[

Enii-

sgnamons cell
CACINGING

up

Chinical sig ance of sexsm
Mmik-22%, miR-25 and mak-
375 in patients with
ascphageal squamcus cell
Garcinoma,

mie-223

gastric cances

up

miRNA-225 provioies gastric
cancer invasion and
metastasis by targeting tumor
suppressor E

3
G403,

mir-223

gastric cancer

up

MiciRNA-
an encogens
cancer by tar,
FBXW7/hCded.

3 functions as
0 gastiic

mie-223

gastuic cancer

up

Plasia roicroRNAsS, miR-
223, miR-21 and miR-218, as
novel potential biomarkers for
gasiric canger detection

&Y
@

frig-2

gastric cancer

up

MicroRNA profiling of
haan gastric er.
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Table 5. Suramary of micee RNAMMEP linked interactions in cancer.

PCT/US2017/015417

M

MVIP-14, ERK /2 activation

Pavcreatic ductal
adencoarcingma

ERK3/Z activation, TGE-31

dhesion kinase (FAK),

K, MOMP-2 and MOMP-9

Glioblastoma

Migration and invasion

AKT and ERK

10iR -9

MMP-2, MMP-9 and VEGFA

Uveal nelanoma

Migration and invasion

NF-«kB1 signaling

miR-9

MivIP-14

Newrohlastoma

fon, tietastasis, and

wil-10b

MMP-9, E-cadherin and vimentin

Nasopharyugeal carcinoms
cells

10iR-10b

MMP-14 and uPAR

Glioma

Cell invasivenass

miR-10b

MEP-Z, BGER.

Glioblastoma multforne

Apoptosis invasion and

IGFR pathways

miR-15h MbP-3 Glioma Cell invasiveness MEK-ERK pathway
wil-17 MME-3 Hepatocelbular carcinoma Migration and invasion p-AKT

wik-21 RECK, MMPB-9 Prostate cavcer Na -

r0iR-21 Phospho-c-Jun, MMP-2, MMP-9 Hepatocelnlar carcinoma Migeation and invasion -

miR-21 Z, MVIP-Z Glioma Apoptosts, migration, and -

miR-21 MbMP-2, EGFR. Glioblastoma neltiforme Apoptosis invasico and EGFR pathways

1afelt]

mik-262

MMP-2

Lung cancer

Migraticn, tovasion and
1i2tasiasis

AXT phosphorylation

miR-29b

MVIP-2

Colon cavser

Migration

miR-2%b

MP-2

Hepatooeliular caminoma

Tumor angiagenesis, invasion,
and metastasis

VEGFR-2-signaling

ik -25h

MMP-2, Mcl-1, COLIAT, and
OOL4A]

Prostate cancer

invasion and metasiasis

miR-29¢

MR

Nerve sheath tumours

Cell invasion and wigration

miR-30

SOCS1, phospho-STAT3, MMP-
2 and MMP-9

Prostate cancer

Protiferation and invasion

STAT3 sigoalling

Fra-i, ps3 MMP-1 and MMP-9

Celon cancer

Migratioo and invaston

MMEP-2 and -9

ung cancer

Migration and invasion

B8TATS signaling

Enhancer of zeste homolog 2
(EZH2), CDHI and MWMP-2

LNZ CAncey

Cell invasivenass

M

Braast cancer

Migration and iovasion

ERK signating cascade

MM

i MMP-9

Glioblastoma

lnvasion

Lung cancer

Celi protiferation, mugration snd

invasion

RhoC, MP-2 and MMP-9

Cholangiocarcinoma

Proliferation, tuigiation and
wvasion

mik-139

IGF-IR and MMP-2

Coloractal cancer

Migration, invasion and

IGF-IR/MEK/ERX signaling

mik-143

MMP-13

Prostate cancer

Migraticn and invasicn

r0iR-143

MMP-2 and MMP-9

Pancreatic cancer

Migraticn and invasion

miR-143

MP-13

COsteosarcoma

Call invasiveoess
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ot

Gastric cancer

1011, Retasiasts,
15

MMP-1, uPA, and uPAR

Brain cancer

Migration, invasion ang
meiastasis

MMP-16

Celon cance

[nvasion

MMP- Glioma Proliferation and invasion AXT signaling
MEP-3 Glioma Cell invasiveness MEK-ERK patbway

miRk-

MV

Fepatocellular cactnomas

Migration and iovasion

7

- 3. Sinad

miR-182 MP-9, RECK

Braast cancer

cell invasion and colony
formation ability

miR-211 MMP-9

wik-196h Vimentic, MMP-2 and MMP-S (astric cavcer tigratioo and invasion -
ik -203 MMP-$ and Robol Glioblasioma Proliferation, migration, and ERE phosphorylation
invasion
miR-206 MVIP-2 and MNVP-9 Braast cancer Invasion and migration -
Glioblastoma moltiforme Cell invasion and migeation

218 LEF1, M

Gilioblastoma maltiforme

[nvasion

carcincroa

wik-218 MMP-9 Gliomas Cell tnvasiveness JKK-B/NE-xB patbway
wiR-224 MMP-$ via targating HOXD10 Human hepateceiiular Migraticn and invasicn -

miR-338-3p S8AC and MVP-Y Yepatocellular caictnoma Invasion and metastasis -

miR-340 MWEP-2 and MMP -4 Braast cancer Tumor cell growth, migration,
and invasion

ik-430 ERK, MMP-2 and MMP-$ Bladder cancer Pmltferation, migraticn and -
colony formation ablility

miR-453 Clioblastoma Proliferation, vasios and EBX/AKT signaling
ApOptosis

wil-49 1 Hepatocelslar carcinoma Migration. -

491-3p MMP-9 Glioblastoma wonliiforme [nvasion -

iR NA-590-3p PI3K, Alt, MMP-2 and MMP-¢

Bladder cancer

Pinliferation, migratico and
colony-formation

PI3K, Akt signating

miR-874 MIP-2 and -9, Aquaporin-3 Flwnan gagtric cancer Cell migration and invasion -
assays and o vive
Mo rigenicity

miR-874 MWIP-Z and wPA Non-small cell tung cancer Tuwiot cell iovasiveness and W -
vivo tumaor grawth

il -883-5p MME-9 Glioblastoma multiforme [nvasion -
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Table 6. Target proteases and cancers associated with their overexpression,

PCT/US2017/015417

Cysteine Cathepsins

augal

[ntracelular, tysosomes Moast
Cathepsin K Extracellnlar, bone Breast
Cathepsin B Exiraceliuiar and pericellidar under Breast, cervix, colon, coforectal, gastiic, head and
pathologicat conditions veck, fiver, Jung, melancwa, ovadian, pancreatic,
prostate, thymid
Cathepsin L Bieast, colorectal

Aspastic Cathepsing

Cathepsin B2

Eodosomatl structures, BR, Golgi

vical, gastric, lung, pancreas adenocarcinomas

CathepsinD Lysosctoe Breast, colorectal, ovarian
CGeneral Intracetiular, secreted viost
hK 1
Katlikreins (hK) PSA K ) Prostate, ovarian
hK10 Colon, ovatian, pancreatic, bead and vack
hK1s Ovarian, prostate
Setine Proteases uPA, oPAR Memboane, Percelldar Cervical, colorectal, gasteic, prostate
Intracetivlar
Extracelislar Most
Breast
Mg Breast. colorectal, tung, makignant ghiomas,
ovarian
MMP-14 Membrane Hreast
ADAM Extraceliular
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Table 7. List of selected oncogenes associated with human malignancy

see tyrosine kinase Abelson murins

ABL1{ABL) 9q34.1 Chropic myeloid isokenia leukemia protein

Member of the tymosine kinase family.
ABL2 Important for synapse assembly and
(ABLL ARGY 1q24-923 acute myeloid leukemia remodeling

AKAPLS (FIT3Y,
LBC. BRX)

15q24-125

bueast cancer

Blast crisis cncogens

ARAFL

angioinunusoblastic lvmiphadenopathy with
Jy spioieinemia

ARHGEFS (TIM)

Breast cancer

Setine/threonine kivase

Codes for protein that controls
cytoskeletal organization through
wegulation of small GIP-hinding
profeing

ATFIEWS fusion gene assoctaied wi
wiedavota of soft parts (MMSP) ATTF

5 with

Codes for cAMP-dependent

ATF1L 12q13 histiocyroma. transcription factor-1
AXL. 19q33.3-q33.2 Chromg myelogenons feukewia transforiing gene to acute loukewia
Mediator of apoptosis. Translocation is
BCL2 189213 Bukitt ly muhora, follicular byinphoinas marker of poorer therapeutic respouse
Hairy cell laukemia, Malignant melanctoa, thyroid
papitlaty cancer, thyroid anaplastic carcinoma, bowel
BRAF (BRAFI, cancer, adenocarcinowma of g, non-Hogkins
RAFBYL g4 ymphoma 568 PrOn-0oeogencs
Hereditary breast-ovarian cancer sy ndrome. Familial
Breast caucer, Papillary serous cascinoma of the
BRCAL 17q28 peritoneuin (PSCP), Prostate cancer see BRCAL

BRCAZFANCD D

Familial Breast cancer, prostate cancer, pagcreatic
CAances

sce BRCAZ

BRIPE

Ovasian Lroast cau

BRCAL imeracting protein C-igrroinal
helicase § which is important in rormal
donble-strand break repair

CBL (CBLY)

Seg piig-0NcogLues

CEE)

Type M4 scute myeloblastic lenkerda and chwonic
myekomonocyic leukermia

Codes for colovy-stimnlating facior-3
tecepior, otherwis OWH 38
macrophage colcoy-stiroulating facior

Codes for death-associated pre
kinase a positive mediaters of
apoptesis induced by gamma-

DAPKI (DAPK) 9q34.1 Bladder cancer interfaron.
Codes for DNA binding protein
involved in transcriptional regulation
and signal transduction as a component
DEK/NUP2 14(DEK/CAN) fusion gene a5 of the splicing complex that remains
DEK (D6S231E) 5p23 with acute mveloid keukemia associated with sphiced exons.
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DUSPs

12922423

Non-snail cell long cancer, pancreat

Codes for member of wiitogen-
activated protein (MAR) Kivase family
and has key role in cellular signal
transducticn

SeE PIiC-ONCogeues

Non-smial} cell hmg cancer

568 DICD-COCDZENES

Agute myeloid levkemia

Codes for a transcriptios factor

EWSRI (EWS, ES,

PNE.Y
FINE)

22q12

EWS/ERG in Ewing sarcoma, s
EY

sioneuroblasioma
sarconia,

BEWS/ 1 satcewa,
EWS/FLI inBwing sarcoma VSIATEL o
malignant melanoma of soft pansQIMSP EWS/WT1
in desmoplastic smail round cell twmor

Ewing sarcoma breakpoint | gene

{EPS)

1526

& cell tymphoma, acine promyelocytic leukewia,
bladder carcinaima, tung cancer, bizast cancer, colon
cancer, neutoblastoma, pre-B lytophocyte neoplasny,
plasmacytoma, multiple myeloma, T cell lymphoma,
saTCowa

Codes for 2 tyrosine-specific protetn
kinase with a role in regulating
IMowe esponse

FGF4 (BSTFI, A fibroblast growth factor Important in
EFCE 11q13 Stowmach cancer, kaposi saicoina {iimb development.

FGFR]

562 Proto-cucngenss

FCFRI0P (FOP)

EGERUFGERIOPZ fusion gene tn non-Hodgkin
Iymphoma

FLCN

Renal cancer, bowel caseer

see FFON

FOS (cos)

[
'

)
[
=

SE8 PIGIO-COcogenas

FRAPL

SeE [WNCr SUPPIessors

TLS)

Wp3l.2

Bee Proto-gocogenes

HRAS

1pt5.5

SE8 PROTO-GRCE,

GLI1

121321

Glioroa, myxoid liposarcoma, salivary gland tumor

Cades for a Kruppel (Kr) zinc finger
protein

GLI2

2qlé

Glioma

Codes for a Kwppel §K0) zing finger
protein

GBC3

Xq26

Gerw. cell cancer, Bepatoceiliiar cancer

see GPC3

HER2 {(ERBB2,
TKR1, NEU;

17211

Breast canc

see HER?2. Targeted by Trastuzuab.

HGE (SF)

7211

Prostate cancer, renal cancer

Codes for hepatocyte growth factor
ihepatopoieiin A, scatler factor) whic

is upregulated in snany malignancies

h
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Codes for av tntetl

ssenial for

IR¥F4 . 8-celd iymphowa, B-cell Javkemia, Muttiple fact
MUMD 6p25-p23 myeloma function
JUNE 19p33.2 568 Protn-goeogencs
Transmembiane lyrosing kinase
receptor for stem celi factor (SCFR) is
Gastrotatestinal stroral tuwer (€ 3, mast cell wequired for haematopoiesis,
leukenda, mastocytosis, seminoma and melancgenesis and gametogenesis.
KIT(SCFR) 4q12 dysgerinoma Mutations cause pichaldisn:.
KRAB2 RASKY) 1Zzpi2 1 COERtas.

Non-swall cell lnng cancer, Newroblastoma, non-

lymphocyte specific protein

LCK 1p335-p34.3 todgkin lvwpboma tyrosing kinase
LCO 2014-g21 Hepatocellular caminoma
MAP3KR(TPL2, Ewings sarcoma, adenocarcinama of hung, thymid Cades for a sexine-threcnine protein
COT,EST) 10pii2 carcinoma kinage.
Codes for 2 GOP-GTP excbavge factor
that modulaies the activity of smail
MCF2 (DBL) Xq27 Breast canger TPases of the Rho family

MIDM?2 acis as a wajor regulator of the
‘tamor suppresser p33 by targeting its
destruction. Direct association of p33
with the protein MDM?2 resulls in
ignitination and subsequent

MDMZ 12ql4 3-gis Mudtiple degradation of p33
MET{HGFR.
RCCP2) 743l
MLE type genes see proto-cacngenss
Non smatl cell bing cancer, bepatocelbslar carcinoma, | Codes for woneevts to macrophiage
MMD 17q cnlan canoer differentiation asscciated protein.
Function in man unknowi. Above
associations tndirect but analogous
gene to Moloney murine sarcoma
MOS MBSV 8qll Buorkitt lyropboma, acute myeloblastic leokemia vilus.
Codes tor a RAS GTP-binding pwotein
membrane-anchored, ntraceibular
MRAS (RRASY) 3G22.3 Activated in maoy mmors signal transducer
MEH fype genes s8¢ PInie-o
Encodes for proteins csitical to
Alteraticns found in wiore thao a third of hwnan solid | bewatopoietic cell proliferation and
MYE (AMV) 6922 fwinor dines development

MYC

Burkitt ly 4 Over expiession in many
wialigravcies, pessibly associated with ang
invagive promoting poperties i €55,

A taanscription $aciot that promotes
ceil protiferation

Small cell fung caveer, adenocarcinoma of lnng,

MYCLI (EMYC) ip34.3 veuroblastoma
daps with NMYC and is
MYCH 2p24.1 Neuroblastomas ed from opposiie DNA strand
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NCOAS (EL Interacts with the androgen recept
ARATH, PT 10q31.2 Erosiate cancet " Ghy drotestosterone.
WNFI type genes se¢ fRINCE SUPPressors
Overlaps with MYCN and is
transceibed from opposite DNA steand.
NMYC 2p24 Neuroblastornas, retinoblastoma Probably 2 DNA-binding protein.
NRAS ipl3.2 50e proto-NRCCEenes.
NTRK? (TRK,
TREKA) 1q23-n22 568 PIOID-COCOZENSS.
NUOP214/DEK fusion gene associated with acute
NUP24 (CAN, myelotd lenkeria, NUEZ14/ABL1 associated with T- | Codes for nucteopetio component of

DuS46E)

9341

cell acute ly wphoblastic leukenia (T-ALL).

the vertehraie ouclear pore conplex.

Abuomnal in about 40% ovarian

op24 Dvariav adenocarcinosia adenccaicinona

17p13.1 588 [NIOY SUPPIEsSors

16pi2 Breast cancer see PALB2

Teanscriptions factor, causes some

PAX3 @UP2) forms of Waardenburg syndrome and
STAT1 2q35 Alveolar shabdomy osarcomia regolaies RET.
PDGFRB (8I5) S8€ PE0IC-ONCCSues
PIM genes 568 PIOn-0oLogenss
PML (MYL) 15g22 S€8 IO SUpPressors

PMS (PMESL) senes

SEE TUNCLL SUPPIEsSOIs

Codes for a serine/tbreonive proteio
phosphatase that attetuates apoptosis
and facilitates iransformarion of

PPMID (WIPL) 17922423 Braast cancer, Osieosaicoina orimary cells in cooperation with RAS
PTEN (MMACH 10g23.31 S6€ 0K SUPPIESSors
PVT] Rqla Surkitt lvwpbowa
A regulator of endothelial celi survival
dusisy iogenesis. Activated RAF
Stomach cancer, renal cancet, ghiohlastovia, iarvngeal
RAF (CRAE) 3p2s Cancer

REIXRB)

1314 1-qi4.2

Rettnoblastoma, osteogentc sawoma, smalt cell
carcinoma of hing, biaddert cancat

10q1i2

Multiple end ¢ neoplasia type 2a and 2b and
Medublary thyroid carcinoms

o

see RE

lipter-pls 3

Teratocarcino, g, OVarnas cancey

Single point mutaticn activates its
oncogens potential

ROBT (ROS,
MCF3)

622

Glioblastoma and probably others

ROSI/FIG fusten protein is a ty rasing
kinase foond in astrocyioroa

SMAD type genes

$E2 MRINOT SUPPISsSOIs
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INIGY 22q1t 568 NINOT SUPPTESSOrs
Codes for s HECT domain B3
ligase that regulates tumnor
cel) plasticity avd motlity through
SMURF1 7q21.1-g31.1 Pancreatic cancer degradation of RhoA

SRC (AVS)

20g12g13

hepatic metastatic bowel cavcer, colon cancer,
leukemia

Intracettular comunvication regnlator
protein Mutations are activating,
transfonming, tumesigenic, and
Metastasis-proLoc ting

STATI

2q32.2-932.3

Non-small cell hung cancer

see STATI

17921

Epithelial cancers

Codes sigual protein that induoes cell
transformation through a combined
intibition of apoptosis and cell-cycle
aciivation

Permissive for a wide range of malignancies

Codes signat protein that nduces cell
transformation threugh a oombined

inhibition of apoptosis and celi-cycls
activatio

teratocaminoma

Probhal ics for signaling protein
for meseder davelopment

7 ete)
et}

Papiliary thyroid carcinoso

proto-oncogene

Fusion ganes associated with papiliany thymid
carcincma and myleopmliferative disorder

Cades for transcriptional imermediary
factor 1

Newtosihromatosts type 3, Pancreatic cancer

TRK 192i-g22 SeE Proto-oneo
THSCS {p22 52€ [MOY SUpPIesSors
Codes for 2 ubiquitin-spacific protease
17p13 Muttiple cancers found only in primaiss

12q12-q33

S€C PN {e-Ond:

11pl3

Wiksns tumonr, over expressed it breast and lung
cancer, mveledysplastic syndrome and acuts wyeloid
leukemia

A zine finger DNA-binding protein
5 a tianscriptional activator or

3p26-p

Se¢ TWnos SHpPpressors
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Table 8. Tumor suppresor miRs that ave downregulated in specific cancer types

FAILS

mir-193b mir-143 let-Ta-1 mir-123b mir-1 Iet-7a-1 Iet-7d mir-101 mir-101
let-Ta oii-145 let-75-2 mir-138 mir-145 lat-7a-2 wir-181 mir-218 mir-100 mir-1181 let-7c mir-183
ietTa-1 mir-17-5p Ist-7a-3 mir-1826 let-7a-2 mir-125b mir-24a mir-124 mir-124 nir-204
let-Ta-2 mii-203 Iet-Th @ir-15b roir-1992 let-Th 1wdr-1250 1ir-373 mir-125% mir-1247 mic-101 roir-34a
ir-19%a- mir-363h-
-Ta-3 mic-214 let-Tc -6 3p Jet-7o mir-200a mic-143 roi-494 mir-129-5p dr-133%a - 103 3p
ety miz-218 Jet-Tii @ir-16- roic-203 Lat-Td 0ir-200b iwdr-1460 1z -1 00 nir-1304 aur-141 mir-124 roie-d86-3p
Bi-7e 0ic-335 Lat-Te: mir-16-1-3p 1 mir203 Jet-Te mir-200¢ mii-146b roir-124 mwir-133a mdr-14% mir-128
iet-7d mir-342-3p Jet-75-1 mir-2035 mii-16-2 roic-497 let-7f ir-29h mir-185 ir-1250 mir-137 mii-146a 0ie-1296
let-Te mir-372 Let-7£-2 mir-223 mir-308-3p lot-7H-1 mir-381 mir-17 roir-125h mir-138 mir-148a mir-130b
mir-424 let-7g mir-301a It i inir-126 mir-141 mir-148b mir-133a-1

let-T-2 mir-491-5p i mir-301b lot-7a 1nii-183 niir-1273 mir-i48 mir-130% mir-133
let7s mie-297 mir-30¢ let-7¢ mir-185 mie136 4 Lie-133b
fet-Ti -7 mic-2%h roic-1069% raie- i 1z-193b nir-138 mic-1353
mir-100 0ic-9%a mir-34h mr-126 mr-300 mir-9%s 02000 roit-145 wir-153 mwdr-13a nir-143

roit- 158 w107 mir-9% min-3do roit- 1285 roit-101 fet-Ta-1 mir-147 mir-383 nie-145

mir-16 mir-18a mir-160 mir-424 mir-128-3p mir-103 let-Ta-2 mir-148a mir-19%a mir-146a

nir-i%a mir-10 mir-101 mir-103 ) nnr-i27 ief-75-3 mir-181g mir-200a mir-134

-102 sa mie146z mit-122a tot-7h ni1-206 ir-2005 mic15a

16 159

roic-2003 oir-149 wdr-1258 ii-34a amir-21 mir-151 mic-188-5p
mir-1252-
1uir- 2004 Sp mic-8G-5p roic-214 wdr-453 miz-141 mic-264 roir-338 wir-34z 1iz-199b
roit- 200 mdr-125h ir-1 068 mir-213 02278 roit-143 mir-29a mir-3da mi-34b 0ic-200h
203 Qi-126 oic-124 roie-22 mir-26a mnir-182-5p roic-32 oie-341 miz-340
rir-203 mir-127 mir-148a mir-25 rir-Z1 mir-323-3p mir-3dc mir-373
mir-214 mir-129 mir-29a nnr-302a mir-31 mir-218 mir-128-3p nir-329 nir-409-3p mir-375
mir-130s mie-375 mi-320 nin28-5p | mir-i29-5p mie338 411 mis410
mdr-132 nir-320a mir-364 roic-30a ir-1307 1ir-370 mir-429 wir-497
11269 aiir-1333 rair-344 mir27a 1ir-30c nir-3308 mir-376c roi-410 oip-432 wir-6135-5p
roir-29¢ mwdr-143 mir-34c let-To roit-30d4 mwir-133a mir-57% mir42% mir-449a nmi-630
yr-320c o- 145 roir-365 1odr-124s mir-3da pr-334 o-7-50 roit-433 roir-494 wér-36 230
mir-49%a-
roit-34a mir-146a. r-373 nir-142-3p roi-378 wir-137 miz-i44 -9 Sp 5497 =132
mir-270 mir-146b rir-424 let-Te mir-42% mir-138 mir-1469 ir-98 mir-303 mir-498 iet-7a
rir-409-3p mir-147 mir-429 mir-17 nir-i39 niir-1464 mir-306 mir-519d let-Ta-1 mir-26b




WO 2017/132552 PCT/US2017/015417

R4
nir-429 mir-148a mir-455 i nir-139-5p 3 mir-632 mir-H53 let-7a-2 mir-2%h
mir-451 mir-149 nnr-484 i i i mir-140-5p mir-15a nir-646 nir-9 iet-73-3 mir-3025
1ir-496-5p wmir-152 rair-502 wdr-30c Jet-7h nir-3d 4 mir-15h roie-668 ir-9% let-Th 1ii-30a
roit-493 mir-18% 0720 Lat-Tc wit-142-3p wir-16-1 mir-877 ir-301 wi-7o nic-30h
g mi- 154 roir-93 mwdz-107 mir-260¢ ir-343 roi-9 wir-532-5p iet-7d nir-300-1
rir-29a mir-376a mir-16 mir-98 s mir-204 mir-144 mir-124a let-Te
mir-449a mir-17-3p mir-186 mir-34a mir-335 mir-143 mir-192
mir-30a-3p mir-202 rir-377 mir-1464 mir-193a let-782
1826 nir-627 mir-142-Sp mir-306 mir-148a mir-7 iei-7g
mir-183 Ist-a. wdr-29c nuir-348G let-7i
wdr-183 nir-} mir-145 ir-130-5p wmir-126
roir-124 mwdr-193h mir-3Sb mwdr-135s mir-34a
mir-323a mir-1992 roit-16 wir-237 mi-143 nic-34h
mir-181a-
roir-129 mwdr-214 Sp mir-218 rir-i44 nmir-34c
mir-12
ip mir-22 roir-18% ir-22 mi-150 nic-374b
rir-1307 mir-137 mir-188-5p mir-223 mir-16 mir-449a
mir-4723-
mir-130b mir-197 mir-26a mir-2002 Sp
rir-132 mnir-26b mir-2006 mir-4457
mir-1333 miir-29¢ mir-280¢ mir-628-5p
mic-6423
mir-217 Sp
wdr-21% min-763
mwir-19% 0337 0i-940
mir-19%a-
mir-15h mi-2i6h roir-139 ip mir-3dc mir-494
wir-i6 w218 mr-339-5p wir-19% mir-365 mi-98
mir-19%b-
mir-i8Ja mir-22 roie-140-5p Sp mir-A49a
i a-1 mir-26a mir-148a rir-200a mir-4495
8la-2 mnir-200b mnir-486-5p
1316 mir-300 nir-200c mir-543
ir- {8 1b-1 mdr-30s ir-202 mar-610
mir-1815-2 -3 51203 =614
mwir-i81c mir-333 ic-204-3p ir-630
mir-181d mir-208 =660
mir-16 mir-206 mir-7513
mir-183 nnr-i%a mir-204 mir-9500

267



WO 2017/132552 PCT/US2017/015417

mir-191 rir-21 mir-98
-1

mir-21-3p

mir-211
mir-212
roic-196a mir-214 @ir-100
mr-3198 wir-217 mdr-106a
rir-199a-
3p mir-218 mir-107
wir-23h ir-203 wit-219-S5p oir-i24

mir-123a-

=20k roit-204-Sp Tr-22

wit-272 mr-206 (o
mir-212 mir-26a
mir-218 mir-26b
mir-224 204
rair-24-30 niy-2%b-1
ir-26b roit-298-2
roie-27a mir-2%
mir-28-3p rir-302b
nnr-28-5p mir-302¢

mir-29

nir-30a-3p

roit-301

mir-328

mir-33a
mme-nis-
mir-124-3n 290-3p mir-242 rir-34a
mir-181b- mI-mic-
290-5p mir-345 mir-34b mir-181a-1

mir-34a-3p mir-i81a-2

3 niir-361-5p mnir-181b

mir-375 mir-i316-1

ar-18Th-2

nir-376a mo-i% o
rair-377 rir-181d
roir-409-31 Tir-422a mir-184

mir-422a

wir-186

268



WO 2017/132552

PCT/US2017/015417

mir-4487

rir-424-5p

niir-i93

nnr-483

mir-433

roic-497

nnr-4458

mir-199a

mr-498

mir-518a-
e

mir-i8ia

mir-574-5p

mir-485-5p

mir-623

mir-486-5n

mir-27b

nnr-638

mir-497

mir-29

roic-7

1ir-503

@ir-30a

nir-96-5p

ir-306

ir-30h

roie-202-3p

mir-30¢

mir-30d

mir-30d-3p

mir-30e-5p

mir-382-3p

mir-32

1ir-590-5n

roie-H10

mir-612

nir-623

mir-342-3p

mir-6

mir-361-3p

nnr-673

mir-373

roic-7

ir-375

wir-877

roic-940

mir-941

woic-98

mir-9%

fast o

mir-132

mir-5204-
3p

mir-3 1

mir-526b

625"

ir-56

269




WO 2017/132552 PCT/US2017/015417

CLAIMS:

1. A recombinant oncolytic virus comprising one or more copies of one or more tumor-
suppressive micro-RNA {miR) target sequences inserted into a locus of one or more viral genes

required for viral replication.

2. The oncolytic virus of claim 1, wherein the virus is a 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.

3. The oncolytic virus of claim 1 or 2, wherein the virus 1s a herpes simplex virus and
wherein the one or more viral genes required for viral replication 1s selected from the group
consisting of UL1, ULS, UL6, UL7, UL, UL9, ULI1, UL12, UL14, UL15, UL17, UL18, UL19,
UL20, UL22, UL2S, UL26, UL26.5, ULZ27, UL28, UL29, UL30, UL31, UL32, UL33, UL34,
UL3S, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL4%, ULS2, ULS3, UL54, ICPO, ICP4,
ICP22, 1CP27, ICP47, gamma-34.5, US3, US4, USS, USe, US7, USE, US9, US10, USHL, and
USi2.

4. The oncolytic virus of any of claims 1-3, wherein the tumor-suppressive muR target

sequence is a target sequence for a miR selected from Table 3.

5. The oncolytic virus of any of claims 1-4, wherein the one or more tumor-suppressive miR
target sequences 15 incorporated into the 57 untranslated region (UTR} or 37 UTR of the one or

more viral genes required for viral replication.

6. The oncolytic virus of any of claims 1-5, wherein replication of the virus is reduced or

attenuated in a first cell compared to replication of the virus in a second cell.

7. The oncolytic virus of claim 6, wherein 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.
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8. The oncolytic virus of claim 7, wherein 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.

9. The oncolytic virus of claim 6, wherein the first cell ts a non-cancerous cell.

10. The oncolytic virus of claim 6, wherein 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 nuR n the first cell.

11. The oncolytic virus of claim 10, wherein 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
in the furst cell.

12, The oncolytic virus of claim 6, wherein the second cell 1s a cancerous cell.

13. The oncolytic virus of any of c¢laims 1-12, comprising tumor-suppressive miR target

sequences for nuR-124, miR-451a, nuR-143-3p, and nuR-559.

14. The oncolytic virus of claim 13, for treating pancreatic, lung, and/or colon cancer.

15. The oncolytic virus of any of claims 1-12, comprising tumor-suppressive miR target

sequences for miR-124, miR-451, miR-143-3p, miR-1, and miR-559.

16. The oncolytic virus of any of claims 1-12, comprising tumor-suppressive miR target

sequences for miR-124, miR-451, miR-145-5p, and miR-559.

17. The oncolytic virus of claim 15 and/or 16, for treating a tumor derived from any type of
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18. The oncolytic virus of any of claims 1-12, comprising tumor-suppressive miR target

sequences for miR-205p, miR-141-5p, miR-31-5p, and miR-124.

19. The oncolytic virus of any of claims 1-18, wherein the tumor-suppressive miR target

sequences are inserted into the ICP4, ICP27, UL19, and/or UL30 locus.

20. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for miR-136-3p, miR-432-5p, muiR-1-3p, nuR-127-3p, miR-379-
Sp, nuR-493-5p, miR-223-5p, miR-223-5p, muR-136-5p, nuR-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-5Sp, miR-143-3p, miR-376b-3p, muR-758-3p, niR-1, muR-~101,
miR-1180, nuR-1236, muR-124-3p, miR-125b, nuR-126, muR-1280, miR-~133a, nuR-133b, miR-
141, miR-143, muiR-144, miR-145, miR-155, miR-16, miR-18a, miR-192, miR-195, miR-200a,
miR-200b, miR-200c, miR-203, miR-205, miR-214, miR-218, miR-23b, muiR-26a, nuR-2%¢,
miR-320¢, miR-34a, miR-370, 0uR-409-3p, miR-429, miR-451b, 0uR-490-5p, miR-493, miR-

576-3p, and/or miR-99a.

21 The oncolytic virus of claim 20 for treating bladder cancer.
22. The oncolytic virus of any of claims 1-12, wherein 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-44%, miR-138-2-3p, miR-490-5p, miR-129-1-3p, miR-1264, miR-3943, muR-490-3p, niR-
383-5p, miR-133b, miR-129-2-3p, miR-128-2-5p, miR-133a-3p, miR-129-5p, muR-1-3p, miR-
885-3p, miR-124-5p, miR-759, miR-7158-3p, miR-770-5p, miR-135a-5p, miR-885-5p, let-7g-
Sp, miR-100, miR-101, miR-106a, miR-124, miR-124a, muR-125a, miR-125a-5p, miR-125b,
miR-127-3p, miR-128, miR-129, miR-136, miR-137, miR-139-5p, nuR-142-3p, miR-143, miR-
145, miR-146b-5p, miR-149, miR-152, miR-153, miR-195, nuR-21, miR-212-3p, muR-219-5p,
miR-222, miR-29b, miR-31, nuR-3189-3p, miR-320, miR-320a, miR-326, miR-330, nuR-331-
3p, miR-340, nuR-342, miR-34a, miR-376a, miR-449a, miR-483-5p, miR-5303, nuR-577, miR-
663, miR-7, miR-7-5p, miR-873, let-7a, let-7f, miR-107, miR-122, miR-124-5p, muR-139, miR-
146a, miR-146b, miR-15b, miR-16, miR-181a, miR-181a-1, miR-181a-2, miR-181b, nuR-181b-
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1, miR-181b-2, miR-181c, miR-181d, miR-184, muR-185, miR-199a-3p, miR-200a, miR-200b,
miR-203, muR-204 muR-205, miR-218, miR-23b, miR-26b, miR-27a, mik-29%, niR-328, miR-
34c-3p, miR-34¢-5p, miR-375, miR-383, miR-451, miR-452, miR-495, miR-584, miR-622,
miR-656, miR-98, miR-124-3p, miR-181b-5p, miR-200b, and/or miR-3189-3p.

23. The oncolytic virus of claim 22 for treating brain cancer.

24, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence s a target sequence for muR-10b-5p, miR-126-3p, miR-145-3p, miR-451a, miR-199b-
Sp, miR-5683, miR-3193, muR-3182, muR-1271-5p, miR-204-5p, nuR-409-5p, nuR-136-5p,
miR-514a-5p, miR-559, nuR-483-3p, miR-1-3p, miR-6080, miR-144-3p, nuR-10b-3p, mR-
6130, miR-6089, miR-203b-5p, miR-4266, miR-4327, miR-5694, niR-193b, let-7a, let-7a-1, let-
7a-2, let-Ta-3, let-7h, let-7¢, let-7d, let-7e, let-7f-1, let-7£-2, let-7g, let-71, miR-100, nuR-107,
miR-10a, miR-10b, miR~-122, nuR-124, miR-1258, miR-125a-5p, miR-125b, miR-126, nuR-127,
miR-129, miR-130a, miR-132, miR-1333, miR-143, miR-145, muR-146a, miR-~-146b, miR-147,
miR-148a, miR-149 miR-1352, muR-153, muR-15a, muR-16, muR-17-5p, miR-181a, miR-1826,
miR-183, miR-185, muR-191, miR-193a-3p, 0uR-195, miR-199b-5p, miR-19a-3p, nuR-200a,
miR-200b, miR-200¢, miR-205, miR-206, miR-21 1, muR-216b, miR-218, muR-22, miR-264,
miR-26b, miR-300, 0uR-30a, miR-31, ouR-335, muR-339-5p, miR-33b, nuR-34a, miR-34b,
miR-34¢, miR-374a, miR-379, miR-381, miR-383, miR-425, miR-429, miR-450b-3p, miR-494,
miR-495 miR-497 miR-502-5p, miR-517a, miR-574-3p, miR-638, muR-7, miR-720, miR-873,
miR-874, miR-92a, miR-98, miR-9%,, mmu-miR-290-3p, and/or mmu-miR-290-5p.

25. The oncolytic virus of claim 24 for treating breast cancer.

26. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for miR-143, miR-145, nuR-17-5p, miR-203, miR-214, nuR-218,
miR-335, miR-342-3p, miR-372, miR-424, miR-491-5p, miR-497, niR-7, miR-99a, niR-9%9b,
miR-100, miR-101, miR-15a, nuR-16, miR-34a, miR-886-5p, miR-106a, miR-124, miR-148a,

miR-2%9, and/or miR-375.
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27. The oncolytic virus of claim 26 for treating cervical cancer.
28. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target

sequence is a target sequence for miR-133a-5p, miR-490-5p, niR-124-3p, miR-137, miR-655-
3p, miR-376¢-3p, miR-369-5p, miR-490-3p, nuiR-432-5p, miR-487b-3p, miR-342-3p, miR-223-
3p, miR-136-3p, miR-136-3p, miR-143-5p, miR-1-3p, miR-214-3p, niR-143-3p, miR-199a-3p,
miR-199b-3p, miR-451a, miR-127-3p, miR-133a-3p, miR-145-5p, nuR-145-3p, miR-199a-5p,
let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-71-1, let-71-2, let-7g, let-71, nuR-100,
miR-101, mR-~126, ouR-142-3p, nuR-143, miR-145, ouR-192, muR-200¢c, muR-21, muR-214,
miR-215, nuR-22, muR-25, muR-302a, miR-320, miR-320a, miR-34a, miR-34¢, miR-365, miR-
373, muR-424, muR-429, miR-4355, nuR-484, miR-502, muR-503, muR-93, miR-98, nuR-186,
miR-30a-5p, muR-627, let-7a, miR-1, muR-124, miR-125%a, nuR-129, miR-~1295b-3p, ouR-1307,
miR-130b, miR-132, ;uR-133a, miR-133b, miR-137, nuR-138, miR-139, ouR-139-5p, miR-
140-5p, miR-148a, nuR-148b, miR~-149, miR-150-5p, nuR-154, muR-15a, muR-15b, miR-16,
miR-18a, nuR-191, miR-193a-5p, muR-194, muR-195, miR-196a, miR-198, miR~-19%a-5p, miR-
203, miR-204-5p, miR-206, muR-212, miR-218, suR-224, miR-24-3p, miR-26b, muR-27a, miR-
28&-3p, nuR-28-5p, miR-29b, miR-30a-3p, miR-30b, muR-328, nuR-338-3p, muR-342, miR-345,
miR-34a-5p, miR-361-5p, miR-375, ouR-378, miR-378a-3p, nuR-378a-Sp, miR~-409-3p, miR-
422a, miR-4487, miR-483, nuR-497, muR-498, miR-518a-3p, miR-551a, ouR-574-5p, miR-625,
miR-63%, miR-7, miR-96-5p, miR-202-3p, miR-30a, and/or miR-451.

29, The oncolytic virus of claim 28 for treating colon or colorectal cancer.

30. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for miR-101, miR-130a, miR-130b, miR-134, miR-143, miR-145,
miR-152, miR-205, miR-223, nuR-301a, miR-301b, nuR-30¢, miR-34a, miR-34c, miR-424,
miR-449a, miR-543, and/or miR-34b inserted into the 57 UTR or 37 UTR of one or more viral

genes required for viral replication.

31 The oncolytic virus of claim 30 for treating endometrnial cancer.
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32. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR 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, miR-195, miR-223, miR-29b, miR-34b, niR-
34c, miR-424, muR-10a, miR-146a, miR-150, miR-151, nuR-155, miR-2278, miR-26a, miR-30¢,
miR-31, miR-326, miR-564, miR-27a, let-7b, miR-124a, miR-142-3p, let-7¢c, miR-17, miR-20a,
miR-29%, miR-30¢, miR-720, miR-107, miR-342, miR-34a, miR-202, miR-142-5p, miR-29¢,
miR-145, miR-193b, miR-199a, miR-214, miR-22 miR-137, and/or miR-197 inserted into the §°

UTR or 3" UTR of one or more viral genes required for viral replication.

33 The oncolytic virus of claim 32 for treating hematologic cancer.
34, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive nuR target

sequence is a target sequence for muR-1, miR-145, miR-1826, nuR-19%, miR-199a-3p, muR-
203, miR-205, muR-497, muiR-508-3p, muR-5309-3p, let-7a, let-7d, miR-106a*, muR-126, miR-
1285, nuR-129-3p, miR-1291, muR-~133a, muR-135a, ouR-138, miR-141, miR-143, nuR-182-5p,
miR-200a, miR-218, miR-28&-5p, nuR-30a, miR-30c, miR-30d, miR-34a, muR-378, miR-429,
miR-509-5p, muR-646, miR-133b, let-7b, let-7¢, nuR-200c, miR-204, nuR-335, miR-377, and/or

miR-506 mserted into the 5 UTR or 37 UTR of one or more viral genes required for viral

replication.
35. The oncolytic virus of claim 34 for treating kidney cancer.
36 The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target

sequence 1s a target sequence for let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-7f,
let-7f-1, let-71-2, let-7g, let-71, muR-1, miR-100, miR-101, muR-105, miR-122, miR-122a, miR-
1236, miR-124, miR-125b, miR-126, miR-127, miR-1271, miR-128-3p, nuiR-129-5p, miR-130a,
miR-130b, miR-133a, miR-134, niR-137, miR-138, miR-139, miR-139-5p, miR-140-5p, miR-
141, miR-142-3p, miR-143, miR-144, muR-145, miR-146a, miR-148a, miR-148b, miR-150-5p,
miR-15b, miR-16, miR-181a-5p, muR-185, miR-188-3p, miR-193b, muR-195, miR-195-5p, miR-
197, miR-198, miR-199a, miR-199a-5p, miR-199b, miR-199b-5p, miR-200a, miR-200b, miR-
200¢, miR-202, nuR-203, miR-204-3p, muiR-205, muR-206, miR-20a, muR-21, miR-21-3p, nuR-
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211, miR-212, miR-214, miR-217, muR-218, miR-219-5p, miR-22, muR-223, miR-26a, nuR-
26b, miR-29a, miR-29b-1, miR-29b-2, miR-29¢, miR-302b, miR-302¢c, miR-30a, miR-30a-3p,
miR-335, miR-338-3p, miR-33a, mik-34a, miR-34b, miR-365, muR-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-503, miR-506, miR-519d, miR-520a,
miR-520b, miR-520¢-3p, miR-582-5p, miR-590-5p, miR-610, miR-612, miR-625, niR-637,
miR-675, miR-7, niR-877, miR-940, miR-941, nuR-98, miR-99a, miR-132, and/or miR-31

mserted mnto the 5” UTR or 3 UTR of one or more viral genes required for viral replication.

37 The oncolytic virus of claim 36 for treating biver cancer.
33 The oncolytic virus of claim 37, wherein the liver cancer 1s hepatoceliular carcinoma.
39 The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive nuR target

sequence 1s a target sequence for nuR-143-3p, miR-126-3p, miR-126-5p, miR-1266-3p, miR-
6130, miR-6080, nuR-511-5p, miR-143-5p, muR-223-5p, miR-199b-5p, nuR-199a-3p, miR-
199b-3p, nuR-451a, miR-~142-5p, 0uR-144, muR-150-5p, muR-~142-3p, ;iR-214-3p, nuR-214-
Sp, miR-~199a-5p, muR-145-3p, muR-145-5p, miR-1297, ouR-141, muR-145, miR-16, muR-200a,
miR-200b, miR-200¢, muR-29b, miR-381, muR-409-3p, miR-429, miR-451, suR-511, muR-99a,
let-7a-1, let-7a-2, let-7a-3, let-7b, let-7¢, let-7d, let-7e, let-71-1, let-71-2, let-7¢g, let-71, miR-1,
miR-101, miR-133b, miR-138, miR-142-5p, miR-144, miR-1469, miR-146a, miR-153, miR-15a,
miR-15b, miR-16-1, miR-16-2, miR-182, miR-192, miR-193a-3p, miR-194, muR-195, miR-19§,
miR-203, muR-217, muR-218, miR-22, nmiR-223, miR-26a, miR-26b, miR-29¢ miR-33a, miR-
34a, miR-34b, miR-34¢, miR-365, miR-44%, miR-449b, miR-486-5p, miR-545, muR-610, miR-
614, miR-630, miR-660, miR-7515, miR-9500, miR-98 miR-99b, miR-133a, let-7a, miR-100,
miR-106a, miR-107, miR-124, miR-125a-3p, miR-125a-5p, miR-126, nuR-126* miR-129, miR-
137, miR-140, miR-143, miR-146b, miR-148a, miR-148b, miR-149 miR-152, muR-154, miR-
155, muR-17-5p, miR-181a-1, miR-181a-2, miR-181b, miR-181b-1, miR-181b-2, miR-18lc,
miR-181d, miR-184 miR-186, miR-193b, miR-19%, miR-204, miR-212, miR-221, miR-224,
miR-27a, miR-27b, miR-2%9a, miR-30a, miR-30b, miR-30c, miR-30d, nuR-30d-5p, miR-30e-5p,
miR-32, nuR-335, miR-338-3p, miR-340, miR-342-3p, muR-361-3p, miR-373, nuR-375, miR-
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4500, miR-4782-3p, miR-497, miR-503, miR-512-3p, miR-520a-3p, miR-526b, nuR-625%,

and/or miR-96 nserted into the 5° UTR or 3° UTR of one or more viral genes required for viral

replication.
40. The oncolytic virus of claim 39 for treating lung cancer.
41, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target

sequence is a target sequence for let-7hb, nuR-101, miR-125b, miR-1280, miR-143, miR-146a,
miR-146b, miR-155, ouR-17, nuR-184, miR-185, nuR-18b, muR-193b, miR-200¢, miR-203,
miR-204, nuR-205, muR-206, miR-20a, miR-211, nuR-218 miR-26a, ouR-31, nuR-33a, miRk-
34a, miR-34c¢, nuR-376a, miR-376¢, miR-573, miR-7-5p, nuR-9, and/or miR-98 inserted into the

$” UTR or 3” UTR of one or more viral genes required for viral replication.

42 The oncolytic virus of claim 41 for treating melanoma.
43, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target

sequence is a target sequence for let-7d, miR-218, nuR-34a, miR-375, miR-494, muR-100, nuR-
124, mR-1250, maR-125b, muR-126, miR-1271, ouR-136, miR-138, miR-145, ouR-147, miR-
148a, miR-181a, nuR-206, miR-220a, nuR-26a, miR-26b, miR-2%, nuR-32, miR-323-5p, miR-
329, miR-338, miR-370, miR-410, miR-429, miR-433, miR-49%a-5p, miR-503, miR-506, niR-
632, miR-646, miR-668 miR-877 and/or miR-9 iserted into the 5 UTR or 3° UTR of one or

more viral genes required for viral replication.

44, The oncolytic virus of claim 43 for treating oral cancer.

45 The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for let-71, miR-100, miR-124, miR-125b, miR-129-5p, miR-130b,
miR-133a, miR-137, miR-138 miR-141, miR-145 miR-148a, miR-152 miR-153, miR-155,
miR-199a, miR-200a, nuR-200b, nuR-200¢, miR-212, nmiR-335, miR-34a, miR-34b, miR-34c,
miR-409-3p, miR-411, miR-429, miR-432, miR-449a, miR-494, miR-497, miR-498 nuR-519d,

o]
~J
~J



WO 2017/132552 PCT/US2017/015417

miR-655, miR-9, muR-98, miR-101, miR-532-5p, miR-124a, miR-192, miR-193a, and/or miR-7

mserted into the 57 UTR or 3° UTR of one or more viral genes required for viral replication.

46, The oncolytic virus of claim 45 for treating ovarian cancer.

47, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for miR-216a-5p, miR-802, miR-217, miR-145-3p, miR-143-3p,
miR-451a, miR-373, miR-214-3p, miR-216b-3p, miR-432-5p, miR-216a-3p, miR-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, nuR-129-2-3p, miR-4507, miR-1-3p, nuR-148a-3p, miR-101, nuR-
1181, nuR-124, muiR-1247, miR-133a, miR-141, miR-~-145, nuR-146a, miR-~148a, muR-148b,
miR-150%, nuR-150-5p, muR-152, miR-15a, muR-198, miR-203, nuR-214, miR-216a, nuR-29%¢,
miR-335, miR-34a, muR-34b, miR-34c, muR-373, miR-375, miR-410, miR-497, miR-615-5p,
miR-630, nuR-96, miR-~132, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7h, let-7¢, let-7d, let-7e, let-71-
1, let-7£22, let-Tg, let-71, miR-126, miR-135a, miR-143, miR-144, muR-150, suR-16, miR-200a,
miR-200b, miR-200¢, miR-217, nuR-218, miR-337, muR-494, and/or miR-98 inserted mto the 57

UTR or 37 UTR of one or more viral genes required for viral replication.

48, The oncolytic virus of claim 47 for treating pancreatic cancer.

49, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for let-7a-3p, let-7¢, miR-100, miR-101, miR-105, miR-124, miR-
128, miR-1296, miR-130b, miR-133a-1, miR-133a-2 nmiR-133b, miR-135a, miR-143, miR-145,
miR-146a, miR-154, miR-15a, muR-187, miR-188&-5p, miR-199b, miR-200b, nuR-203, miR-205,
miR-212 muR-218 muR-221, miR-224 miR-23a, miR-23b, miR-25 mik-26a miR-206b, miR-
29b, miR-302a, miR-30a, miR-30b, miR-30¢-1, miR-30¢-2, miR-30d, miR-30e, miR-31, miR-
330, miR-331-3p, miR-34a, miR-34b, miR-34c, miR-374b, miR-44%9a, miR-4723-5p, miR-497,
miR-628-5p, miR-642a-5p, miR-765, and/or miR-940 inserted into the S° UTR or 3° UTR of one

or more viral genes required for viral rephication.

50. The oncolytic virus of claim 49 for treating prostate cancer.
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51 The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence 1s a target sequence for miR-101, miR-183, miR-204, miR-34a, miR-365b-3p, miR-
486-3p, and/or miR-532-5p inserted into the " UTR or 3” UTR of one or more viral genes

required for viral replication.

52. The oncolytic virus of claim 51 for treating retinoblastoma.

33, The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence s a target sequence for miR-143-3p, miR-133b, nuR-1264, miR~-448, miR-1298-5p,
miR-490-5p, miR-138-2-3p, miR-~144-3p, nuR-144-5p, miR-150-Sp, miR-129-1-3p, miR-559,
miR-1-3-p, nuR-143-5p, miR-223-3p, miR-3943, miR-338-3p, nuR-124-3p, miR-219a-5p, miR-
219a-2-3p, nuR-451a, miR-142-5p, muR-133a-3p, miR-~145-5p, and/or muR-145-3p.

34, The oncolytic virus of claim 53 for treating glioblastoma.

35. The oncolytic virus of any of ¢laims 1-12, wherein the tumor-suppressive miR target
sequence 1s a target sequence for muR-143-3p, miR-223-3p, 0uR-6080, miR-208b-3p, miR-206,
miR-133a-5p, miR-133b, miR-199%a-5p, muR-199%-5p, miR-145-3p, miR-145-5p, muR-150-5p,
miR-142-3p, miR-144-3p, miR-144-5p, miR-338-3p, miR-214-3p, miR-559, miR-133a-3p, miR-
1-3p, miR-126-3p, miR-142-5p, miR-451a, miR-19%a-3p, and/or niR-199b-3p.

36. The oncolytic virus of claim 55 for treating head and neck cancer.

57. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target
sequence is a target sequence for miR-133b, miR-208b-3p, miR-6130, miR-141-5p, muR-31-3p,
miR-1293, miR-129-2-3p, nuR-129-5p, miR-124-3p, miR-219a-5p, miR-21%a-2-3p, miR-490-
3p, miR-488-3p, miR-935, miR-124-5p, miR-122-3p, muR-122-5p, miR-1-3p, miR-133a-3p,
miR-375, miR-141-3p, miR-31-5p, miR-205-5p, miR-200¢-3p, and/or miR-203a-3p.

58. The oncolytic virus of claim 57 for treating a Schwannoma.
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59, A recombinant oncolytic virus comprising one or more of’

(a) one or more tumor-suppressive micro-RNA (miR) target sequences inserted mto 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;

¢} at least one protease-activated antibody; and/or

{(d) a polynucleotide encoding at least one protease activated antibody.

60, The oncolytic virus of claim 59, wherein the miR of (b) 15 an oncogenic miR ora

microenvironment remodeling nuR.

61. The oncolytic virus of claim 60, wherein the oncogenic miR 1s selected from the miRs
listed in Table 4.

62, The oncolytic virus of claim 59, wherein the gene of (b} 15 an oncogenic gene.

63, The oncolytic virus of claim 62, wherein the oncogenic gene 1s selected from the genes

listed in Table 7.

64. The oncolytic virus of claim 60, wherein the microenvironment remodeling miR is

selected from the nuRs listed in Table 5.

65, The oncolytic virus of claim 59, wherein the TIMP of (b} is selected from TIMP1,
TIMPZ, TIMP3 and TIMP4.

66. The oncolytic virus of claim 59, wherein the oligonucleotide of (b) is an shRNA ora

decov oligonucleotide.
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67. The oncolytic virus of claim 59, wherein the protein of (b} 13 a nuclease, a bispecific T-

cell engager (BiTE), an anti-immunosuppressive protein, of an immunogenic antigen.

08. The oncolytic virus of claim 67, wherein the nuclease is 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).

69. The oncolytic virus of claim 68, wherein the CRISPR-associated endonuclease is selected
from SpCas9, SpCas9-HF 1, SpCasS-HFZ, SpCas9-HF3, SpCas9-HF4, SaCas9, FaCpt, Fnlas9,
eSpCas9, C2C1, C2C3, Cpfl, Casl, CaslB, Cas2, Cas3, Cas4, Cas$, Cas6, Cas7, Cas8, Cas9,
Cas10, Csyl, Cay2, Csy3, Csel, Cse2, Csel, Cse2, Csal, Csn2, Csm2, Cam3, Csmd4, CsmS, Csmo,
Crorl, Cow3, Cmird, CmrS, Cmrd, Cshl, Csb2, Csb3, Csxl7, Csxdd, Cex16, Csxl6, CsaX, Csx3,
Csxd, Csx15, Csfl, Csf2, Csf3, and Cstd,

70, The oncolytic virus of claim 69, further comprising a heterologous polynucleotide
encoding an tracr-RNA (irRNA) and a crispr-RNA {(crRNA), wheremn the crRNA 1s targeted to a
genomic DNA sequence encoding a miR or a TIMP and wherein the trRNA facilitates binding

and activation of a CRISPR-associated endonuclease

71. The oncolytic virus of claim 67, wherein the anti-immunosuppressive protein is an anti-

regulatory T-cell (Treg) protein or an anti-myeloid-derived suppressor cell (MDSC) protein.

72. The oncolytic virus of claim 67, wherein the anti-immunosuppressive protein 1s a VHH-
Y . !

derived blocker or a VHH-derived BiTE.

73. The oncolytic virus of claim 59, wherein the protein of (b} induces an anti-tumor immune
FeSponse.
74. The oncolytic virus of claim 73, wherein the protein is selected from EpCAM, folate,

IFNB, anti-CTLA-4, anti-PD1, A2A anti-FGF2, anti-FGFR/FGFR2b, anti-SEMA4D, CCLS,
CD137, CD200, CD3§, Ch44, CSF-1R, CXCL10, CXCL13, endothelin B Receptor, I1L-12, IL-
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15, 1L-2, 1L-21, [L-35, ISRE7, LFA-1, NG2 (also known as SPEG4), a SMAD protein, STING,
TGFB, and VCAMI.

7S. The oncolytic virus of claim 59, wherein the at least one protease-activated antibody of

{c) or {d} 1s incorporated into a viral glycoprotein envelope.

76. The oncolytic virus of claim 59 or 75, wherein 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).

77. The oncolytic virus of claim 76, wherein the protease 15 selected from cathepsin K,
cathepsin B, cathepsin L, cathepsin E, cathepsin D, hK1, PSA (hK3), hK10, hK1i5, 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-15, 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.

78. The oncolytic virus of claim 39 or 75, wheremn the protease-activated antibody binds to a
protein expressed more highly by a cancer cell or in a cancer microenvironment than by a non-

cancer cell or in a non-cancer microenvironment.

79. The oncolytic virus of claim 78, wherein the protease-activated antibody binds NKG2D,
c-met, HGFR, CD8, heparan sulfate, VSPG4 (also known as NG2), EGFR, EGFRvILL, CD133,
CXCR4, carcincembryonic antigen (CEA), CLC-3, annexin II, human transferrin receptor, or

EpCAM.

80. The oncolytic virus of any of claims 59-79, wherein the miR target sequence of {(a}, the
one or more polynucleotides of (b}, and/or or the one or more polynucleotides of (d) 1s inserted

mto a gene locus of the viral genome.
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81. The oncolytic virus of claim 80, wherein the virus is a herpes simplex virus and wherein
the at least one polynucleotide 1s 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, UL1, ULS,
UL6, UL7, UL8, UL9, UL11, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL2S,
UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, UL36, UL37,
UL38, UL39, UL40, UL42, UL4R, UL49, UL52, ULS3, UL54, ICPO, ICP4, ICP22, ICP27,
ICP47, pamma-34.5, US3, US4, USS, US6, US7, US8, US9, US10, UST1, and US12.

82. A nucleic acid molecule encoding the oncolytic virus of any of the preceding claims.
83. A viral stock comprising the oncolytic virus of any of claims 1-81.
84. A composition comprising the oncolytic virus of any of claims 1-81 and a

pharmaceutically-acceptable carrier.

&5. A method of killing a cancerous cell, comprising exposing the cancerous cell to the
oncolytic virus of any of claims 1-81 or compositions thereof under conditions sufficient for the
oncolytic virus to infect and replicate within sawd cancerous cell, and wherem replication of the

oncolytic virus within the cancerous cell results in cell death.

86. The method of claim 85, wherein the cancerous 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 a non-cancerous cell.

87. The oncolytic virus of claim 86, wherein 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

inn the non-cancerous cell.
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88. The method of any of claims 85-87, wherein replication of the oncolytic virus is
increased or maimntained in cancerous cells with a reduced expression of the tumor-suppressive

miR capable of binding to the one or more tumor-suppressive miR-target sequences.

89. The method of claim 88, wherein the viral replication is at least 5% greater in the

cancerous cells compared to the viral replication in the non-cancerous cell.

90. The method of any of claims 85-89, wherein the cell 1s in vivo.
91, The method of claum 90, wherein the cell is within g tumor.
92, A method of treating cancer in a subject 10 need thereof, comprising administering the

oncolytic virus of any of claims 1-81 or compositions thereof to the subject.

93. The method of any one of claims 85-92, wherein the subject 18 a mouse, a rat, a rabbit, a

cat, a dog, a horse, a non-human primate, or a human

94, The method of claim 92 or 93, wheremn the oncolytic virus or compositions thereof are

administered mtravenously, subcutaneously, intratumorally, intramuscularly, or mtranasally.

95, The method of claim 92, wherein the cancer is selected from lung cancer, breast cancer,
ovarian cancer, cervical cancer, prostate cancer, testicular cancer, colorectal cancer, colon
cancer, pancreatic cancer, liver cancer, gastric cancer, head and neck cancer, thyroid cancer,

glioblastoma, melanoma, B-cell chronic lymphocytic leukemia, diffuse large

b -]

malignant glioma

B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL}.

96. The method of claim 95, wherein the lung cancer is small cell lung cancer or non-small

cell lung cancer.

97. The method of claim 96, wherein the liver cancer is hepatoceliular carcinoma (HCO).
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International application No.

INTERNATIONAL SEARCH REPORT PCT/US2017/015417
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

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

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

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

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

3. Additional comments:

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




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2017/015417
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

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

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

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

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

see additional sheet

-

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

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

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

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

3, 81(completely); 1, 2, 4-80, 82-97(partially)

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

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

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2017/015417

A. CLASSIFICATION OF SUBJECT MATTER

INV. CI12N7/00
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12N

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X JHY-MING LI ET AL: "MicroRNA-145 1-12,19,

regulates oncolytic herpes simplex virus-1 20,22,
for selective killing of human non-small 24,26,
cell lung cancer cells", 28,30,

VIROLOGY JOURNAL, BIOMED CENTRAL, LONDON, 32,34,
GB, 36,39,
vol. 10, no. 1, 22 July 2013 (2013-07-22), 40,43,
page 241, XP021158054, 45,47,
ISSN: 1743-422X, DOI: 49,
10.1186/1743-422X-10-241 59-61,
64,67,
80-96
page 2, right-hand column, paragraph 2 -
page 7, right-hand column, paragraph 3

D Further documents are listed in the continuation of Box C. D See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

°ited.t°| establish the pul_r;_licdation date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

24 March 2017 19/05/2017

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, .
éx%ﬂ1#&34&ﬁh6 Stoyanov, Borislav

Form PCT/ISA/210 (second sheet) (April 2005)



International Application No. PCT/ US2017/ 015417

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 3, 81(completely); 1, 2, 4-80, 82-97(partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a herpes
simplex virus (HSV) and wherein the oncolytic HSV optionally
combines the features of claim 59 (b)-(d); the uses thereof.

2. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is an
adenovirus and the uses thereof and wherein the oncolytic
adenovirus optionally combines the features of claim 59
(b)-(d); the uses thereof.

3. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a polio
virus and the uses thereof and wherein the oncolytic polio
virus optionally combines the features of claim 59 (b)-(d);
the uses thereof.

4. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a
vaccinia virus and the uses thereof and wherein the
oncolytic vaccinia virus optionally combines the features of
claim 59 (b)-(d); the uses thereof.

5. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a
measles virus and the uses thereof and wherein the oncolytic
measles virus optionally combines the features of claim 59
(b)-(d); the uses thereof.




International Application No. PCT/ US2017/ 015417

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

6. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a
vesicular stomatitis virus and the uses thereof and wherein
the oncolytic vesicular stomatitis virus optionally combines
the features of claim 59 (b)-(d); the uses thereof.

7. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is an
orthomyxovirus and the uses thereof and wherein the
oncolytic orthomyxovirus optionally combines the features of
claim 59 (b)-(d); the uses thereof.

8. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a
parvovirus and the uses thereof and wherein the oncolytic
parvovirus optionally combines the features of claim 59
(b)-(d); the uses thereof.

9. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a maraba
virus and the uses thereof and wherein the oncolytic maraba
virus optionally combines the features of claim 59 (b)-(d);
the uses thereof.

10. claims: 1, 2, 4-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more copies
of one or more tumor-suppressive micro-RNA (miR) target
sequences inserted into a locus of one or more viral genes
required for viral replication wherein the virus is a
coxackievirus and the uses thereof and wherein the oncolytic
coxackievirus optionally combines the features of claim 59
(b)-(d); the uses thereof.




International Application No. PCT/ US2017/ 015417

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

11. claims: 59-80, 82-97(all partially)

A recombinant oncolytic virus comprising one or more of: (b)
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, also in combination with (c) at least one
protease-activated antibody and/or (d) a polynucleotide
encoding at least one protease activated antibody.

12. claims: 59-80, 82-97(all partially)

A recombinant oncolytic virus comprising at least one
protease-activated antibody, also in combination with (d) a
polynucleotide encoding at least one protease activated
antibody.

13. claims: 59-80, 82-97(all partially)

A recombinant oncolytic virus comprising a polynucleotide
encoding at least one protease activated antibody.
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