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(57) Abstract: The present disclosure relates to recombinant viral vectors for the treatment and prevention of cancer. Oncolytic viral 
O 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; disruption of oncogenic miRNA function; cancer microenvironment remodeling; 
and cancer cell targeting by incorporation of protease-activated antibodies into the viral particle.
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ONCOLYTIC VIRAL VECTORS AND USES THEREOF 

CROSs REF RENCE TO RELATED APPLICATIONS 

100011 This application claims priority to U.S. 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 is provided in text 

format in lieu of a paper copy, and is hereby incorporated by reference into the specification.  

The name of the text file containing the Sequence Listing is ONCR-001_01WOST2.txt. The 

text file is 7 KB, was created on January 26, 2017, and is being submitted electronically via EFS

Web.  

FIELD OF THE INVENTION 

100031 The present disclosure relates to recombinant viral vectors for the 

treatment and prevention of cancer. The viral vectors utilize one or more of the following 

aspects: viral replication restriction by insertion of tumor-suppressive microRNA (miRNA) 

target sequences into the viral genome; disruption of oncogenic miRNA function; cancer 

microenvironment remodeling; and/or cancer cell targeting by incorporation of protease

activated antibodies into the viral particle.  

BACKGROUND OF THE INVENTION 

[00041 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 maintaining the health and viability 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 eliminating cancerous cells.  

[00051 Oncolytic viruses are viruses that preferentially infect cancer cells and 

have been used in multiple pre-clinical and clinical studies for cancer treatment. Use of oncolytic 

viruses carries the risk of non-specific viral infection of healthy cells, leading to the death of 

non-cancerous cells and tissues. However, genetic manipulation of the viruses to exploit 

pathways, proteins, and genes that are differentially expressed in normal vs. cancerous tissue can 

increase the specificity of these viruses and limit off-target infection and cell death.  

[00061 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. miRNAs are intimately associated with normal cellular processes and 

therefore, deregulation of miRNAs contributes to a wide array of diseases including cancer.  

Many miRNA genes are located in cancer associated genomic regions, or in fragile sites, further 

strengthening the evidence that miRN As play a pivotal role in cancer. miRNAs are differentially 

expressed in cancer tissues compared to normal tissues and can have a causative relationship to 

tumorigenesis. By exploiting 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 is 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.  

SIJAMARY OF TUE INVENTION 

[00071 The invention relates to recombinant viral vectors that are useful for the 

treatment and prevention of cancer. The oncolytic viral vectors comprise the following aspects 

individually or in combination: restricting viral vector replication to cancer or tumor cells by 

inserting tumor-suppressive microRNA (miR) target sequences into the viral genome; 

incorporation of one or more genes into the viral genome whose product(s) disrupt the function 

of oncogenic miRNA and/or the cancer extracellular matrix; and highly selective targeting of the 

vectors to cancer/tumor cells by incorporating protease-activated antibodies into the viral 

particle.  
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[00081 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 into a locus of one or more viral genes required for viral 

replication. In some embodiments, 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. In some embodiments, the virus is a herpes 

simplex virus and wherein the one or more viral genes required for viral replication is selected 

from the group consisting of UL1, UL5, UL6, UL7, UL8, UL9, UL11, UL12, UL14, UL15, 

UL17, UL18, ULI9, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, 

UL32, UL33, UL34, UL35, UL36, U137, UL38, UIL39, UL4O, UL42, UL48, UL49, UL52, 

UL53, UL54., ICPO, ICP4, ICP22, ICP27, ICP47., gamma-34.5, US3, US4, US5, US6, US7, USS, 

US9, US 10, US 11, and US 12. In some embodiments, the tumor-suppressive miR target sequence 

is a target sequence for a miR selected from Table 3. In some embodiments, the one or more 

tumor-suppressive miR target sequences is incorporated into the 5' untranslated region (UTR) or 

3' UTR of the one or more viral genes required for viral replication.  

[00091 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 into a locus of one or more viral genes required for viral 

replication, wherein replication of the virus is reduced or attenuated in 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 nuR in the second 

cell. In some embodiments, the expression level of the tumor-suppressive miR in the first cell is 

at least 5% greater than the expression level of the tumor-suppressive miR in the second cell. In 

some embodiments, the second cell has a reduced expression of a tumor-suppressive miR 

capable of binding to the one or more tumor-suppressive miR target sequences compared to the 

expression of the tumor-suppressive miR in the first cell. In some embodiments, the expression 

level of the tumor-suppressive miR in the second cell is at least 5% less than the expression level 

of the tumor-suppressive miR in the first cell. In some embodiments, the second cell is a 

cancerous cell.
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[00101 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 into a locus of one or more viral genes required for viral 

replication, wherein the tumor-suppressive miR target sequences for miR-124, miR-451a, miR

143-3p, and miR-559. 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, miR-143-3p, miR-1, and miR

559. In some embodiments, the oncolytic virus comprises the tumor-suppressive miR target 

sequences for miR-124, miR-451, miR-145-5p, and miR-559. In further embodiments, the 

oncolytic virus is 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, miR-141-5p, miR-31-5p, and miR-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.  

[00111 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 into a locus of one or more viral genes required for viral 

replication, wherein the tumor-suppressive miR target sequence is a target sequence for miR

136-3p, miR-432-5p, miR-l-3p, miR- 12'7-3p, miR-379-5p, miR-493-5p, miR-223-5p, miR-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-5 59, miR-411-5p, miR-133a-5p, 

miR-143-3p, miR-376b-3p, miR-758-3p, miR-1, miR-101, miR- 1180, miR-1236, miR-124-3p, 

miR-125b, miR-126, miR-1280, miR-133a, miR-133b, miR-141, miR-143, miR-144, miR-145, 

miR-155, miR-16, miR-18a, miR-192, miR-195, miR-200a, miR-200b, miR-200c, nuR-203, 

miR-205, miR-214, miR-218, nuR-23b, miR-26a, miR-29c, miR-320c, nuR-34a, miR-370, miR

409-3p, miR-429, miR-451b, miR-490-5p, miR-493, miR-576-3p, and/or miR-99a. In further 

embodiments, the oncolytic virus is used for treating bladder cancer.  

[00121 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR- 1251-5p, miR-219a-5p, miR-219a-2-3p, miR-124-3p, miR-448, miR

13 8 -2 -3p, miR-490-5p, miR-129-1-3p, miR-1264, miR-3943, miR-490-3p, miR-383-5p, miR

133b, miR-129-2-3p, miR-128-2-5p, miR-133a-3p, miR-129-5p, miRli-3p, miR-885-3p, miR
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124-5p, miR-759, miRMI58-3p, miR-770-5p, miR-135a-5p, miR-885-5p, let-7g-5p, miR-100, 

miR-101, miR-106a, miR-124, miR-124a, miR-125a, miR-125a-5p, miR-125b, miR-127-3p, 

miR-128, miR-129, miR-136, miR-137, miR-139-5p, miR-142-3p, miR-143, miR- 145, miR

146b-5p, miR-149, miR-152., miR-153, miR-195, miR-21, miR-212-3p., miR-219-5p, miR-222, 

miR-29b, miR-31., miR-3189-3p, miR-320, miR-320a, miR-326, miR-330, miR-331-3p, miR

340, miR-342, miR-34a, miR-376a, miR-449a, miR-483-5p, miR-503, miR-577, miR-663, miR

7, miR-7-5p, miR-873., let-7a, let-7f, miR-107, miR-122, miR-124-5p, miR-139, miR-146a., miR

146b, miR-15b, miR-16, miR-181a, miR-18la-1, miR-181a-2, miR-181b, miR-181b-1, miR

181b-2, miR-181c, miR-181d, miR-184., miR-185, miR-199a-3p, miR200a, miR-200b, miR

203, miR-204, miR-205, miR-218, miR-23b, miR-26b, miR-27a., miR29c, miR-328, miR-34c

3p, miR-34c-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. In further 

embodiments, the oncolytic virus is used for treating brain cancer.  

[00131 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-10b-5p, miR-126-3p, miR-145-3p, miR-45 Ia. miR-199b-5p, miR-5683, 

miR-3195, miR-3182, miR-1271-5p, miR-204-5p, miR-409-5p, miR-136-5p, miR-514a-5p, 

miR-559, miR-483-3p, miR-1-3p, miR-6080, miR-14 4 -3p, miR-10b-3p, miR-6130, miR-6089, 

miR-203b-5p, miR-4266, miR-4327, miR-5694, miR-193b, let-7a, let-7a-1, let-7a-2, let-7a-3, 

let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, iet-7g, let-7i, miR-100, miR-107, miR-10a, miR

10b, miR-122, miR-124, miR-1258, miR-125a-5p, miR-125b, miR-126, miR-127, miR-129, 

miR-130a, miR-132, miR-133a, miR-143, miR-145, miR-146a, miR-146b, miR-147, miR-148a, 

miR-149, miR-152, miR-153, miR-15a, miR-16, miR-17-5p, miR-181a, miR-1826, miR-183, 

miR-185, miR-191, miR-193a-3p, miR-195, miR-199b-5p, miR-19a-3p, miR-200a, miR-200b, 

miR-200c, miR-205, miR-206, miR-21 1, miR-216b, miR-218, miR-22, miR-26a, miR-26b, miR

300, miR-30a, miR-31, miR-335, miR-339-5p, miR-33b, miR-34a, miR-34b, miR-34c, 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, miR-7, miR-720, miR-873, miR-874, miR

92a, miR-98, miR-99a, mmu-miR-290-3p, and/or mmu-miR-290-5p. In further embodiments, 

the oncolytic virus is used for treating breast cancer.  

[00141 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-143, miR-145, miR17-5p, miR-203, miR-214, miR-218, miR-335,



WO 2017/132552 PCT/US2017/015417 

miR-342-3p, miR-372, miR-424, miR-491-5p, miR-497, miR-7, miR-99a, miR-99b, miR-100, 

miR-101, miR-15a, miR-16, miR-34a, miR-886-5p, miR-106a, miR-124, miR-148a, miR-29a, 

and/or miR-375. In further embodiments, the oncolytic virus is used for treating cervical cancer.  

100151 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-133a-5p, miR-490-5p, miR-124-3p, miR-137, miR-655-3p, miR-376c

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-143-5p, miR-1-3p, miR-214-3p, miR-143-3p, miR-199a-3p, miR-199b-3p., 

miR-451a, miR-127-3p, miR-133a-3p, miR-145-5p, miR-145-3p, miR-199a-5p, let-7a-1, let-7a

2, let-7a-3, let-7b, let-7c, let-7d., let-7e, let-7f-1, let-7f-2, let-7g, let-7i, miR-1 00, miR-1 01, miR

126, miR-142-3p, miR-143, miR-145, miR-192, miR-200c, miR-21, miR-214, miR-215, miR

22, miR-25, miR-302a., miR-320, miR-320a, miR-34a, miR-34c, miR-365, miR-373, miR-424, 

miR-429, miR-455, miR-484, miR-502, miR-503, miR-93, miR-98, rniR-186, miR-30a-5p, miR

627, let-7a, miR-l, rniR-124, miR-125a, miR-129, miR-1295b-3p, rniR-1307, miR-130b, miR

132, miR-133a, miR-133b, miR-137, miR-138, miR-139, miR-139-5p, miR-140-5p, miR-148a, 

miR-148b, miR-149, niR-150-5p, miR-154, miR-15a, miR-1 5b, miR-16, miR-18a, miR-191, 

miR-193a-5p, miR-194, miR-195, miR-196a, miR-198, miR-199a-5p, miR-203, miR-204-5p, 

miR-206, miR-212, miR-218, miR-224, miR-24-3p, miR-26b, miR-27a, miR-28-3p, miR-28-5p, 

miR-29b, miR-30a-3p, miR-30b, miR-328, niR-338-3p, miR-342, miR-345, miR-34a-5p, miR

361-5p, miR-375, miR-378, miR-378a-3p, miR-378a-5p, miR-409-3p, miR-422a, miR-4487, 

miR-483, miR-497, miR-498, miR-518a-3p, miR-551a, miR-574-5p, miR-625, miR-638, miR-7, 

miR-96-5p, miR-202-3p, miR-30a, and/or miR-451. In further embodiments, the oncolytic virus 

is used for treating colon or colorectal cancer.  

100161 In some embodiments, 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, miR-301a, miR-301b, miR-30c, miR-34a, miR-34c, miR-424, miR-449a, 

miR-543, and/or miR-34b inserted into the 5' UTR or 3' UTR of one or more viral genes 

required for viral replication. In further embodiments, the oncolytic virus is used for treating 

endometrial cancer.  

100171 In some embodiments, 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, miR181b, rniR-195, miR-223, miR-29b, miR-34b, miR-34c, miR-424, 

6



WO 2017/132552 PCT/US2017/015417 

miR-10a, miR-146a, miR-150, miR-151, miR-155, miR-2278, miR-26a, miR-30e, niR-31, miR

326, miR-564, miR-27a, let-7b, miR-124a, miR-142-3p, let-7c, miR-17, niR-20a, miR-29a, 

miR-30c, miR-720, miR-107, miR-342, miR-34a, miR-202, miR-142-5p, miR-29c, miR-145, 

miR-193b, miR-199a, miR-214, miR-22, miR-137, and/or miR-197 inserted into the 5' UTR or 

3' UTR of one or more viral genes required for viral replication. In further embodiments, the 

oncolvtic 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, miR-205, 

miR-497, miR-508-3p, miR-509-3p, let-7a., let-7d., miR-106a*, miR-126, miR1285., miR-129

3p, miR-1291, miR-133a, miR-135a, miR-138, miR-141, miR-143, miR-182-5p, miR-200a, 

miR-218, miR-28-5p, miR-30a, miR-30c, miR-30d, miR-34a, miR-378, miR-429, miR-509-5p., 

miR-646, miR-133b, let-7b, let-7c., miR-200c, miR-204, miR-335, miR-377, and/or miR-506 

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 kidney cancer.  

[00191 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f, let-7f-1, let-7f

2, let-7g, let-7i, miR-1, miR-100, miR-101, miR-105, miR-122, miR-122a, miR-1236, miR-124, 

miR-125b, miR-126, miR-127, miR-1271, miR- 128-3p. miR-129-5p, miR-130a, niR-130b, 

miR-133a, miR-134, miR-137, miR-138, miR-139, miR-139-5p, miR-140-5p, miR-141, miR

142-3p, miR-143, miR-144, miR-145, miR-146a, miR-148a, miR-148b, miR-150-5p, miR- 15b, 

miR-16, miR-181a-5p, miR-185, miR-188-5p, miR-193b, miR-195, miR-195-5p, miR-197, miR

198, miR-199a, miR-199a-5p, miR-199b, miR-199b-5p, miR-200a, miR-200b, miR-200c, miR

202, miR-203, miR-204-3p, miR-205, miR-206, miR-20a, miR-21, miR-21-3p, niR-21 1, miR

212, miR-214, miR-217 , miR-218, miR-219-5p, miR-22, miR-223, miR-26a, miR-26b, miR-29a, 

miR-29b-1, miR-29b-2, miR-29c, miR-302b, miR-302c, miR-30a, nuR-30a-3p, niR-335, miR

338-l3p, 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-503, miR-506, miR-519d, miR-520a, miR-520b, miR

520c-3p, miR-582-5p, miR-590-5p, miR-610, miR-612, miR-625, miR-637, miR-675, miR-7, 

miR-877, miR-940, miR-941, miR-98, miR-99a, miR-132, and/or miR-31 inserted into the 5' 

UTR or 3' UTR of one or more viral genes required for 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 

hepatocellular carcinoma.  

[00201 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-14 3 -5p, miR-223-5p, miR-199b-5p, miR-199a-3p, miR-199b-3p, miR-451a, 

miR-14 2 -5p, miR-144, miR-150-5p, miR-142- 3p, miR-214 -3 p, miR-214 -5p., miR-199a-5p, miR

14 5 -3p, miR-145-5p, miR-1297, miR-141, miR-145, miR-16., miR-200a., miR-200b, miR-200c, 

miR-29b, miR-381, miR-409-3p, miR-429, miR-451, miR-511, miR-99a, let-7a-1, let-7a-2, let

7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-7i, miR-l, miR-101, miR-133b, 

miR-138, miR-142-5p, miR-144, miR-1469, miR-146a, miR-153, miR-15a, miR-1 5b, miR-16-1, 

miR-16-2, miR-182, miR-192, miR-193a-3p, miR-194, miR-195, miR-198, rniR-203, miR-217, 

miR-218, miR-22, miR-223, miR-26a, miR-26b, miR-29c, miR-33a, miR-34a, miR-34b, miR

34c, miR-365, miR-449a, miR-449b, miR-486-5p, miR-545, miR-610, rniR-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, miR-126*, miR-129, miR-137, miR-140, miR

143, miR-146b, miR-148a, miR-148b, miR-149, miR-152, miR-154, miR-155, miR-17-5p, miR

181a-1, miR-1l81a-2, miR-181b, miR-181b-1, miR-181b-2, miR-181c, miR-181d, miR-184, 

miR-186, miR-193b, miR-199a, miR-204, miR-212, miR-221, miR-224, miR-27a, miR-27b, 

miR-29a, 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- 3 p, 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 

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 lung cancer.  

[00211 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for let-7b, miR-101, miR-125b, miR-1280, miR-143, miR-146a, miR-146b, 

miR-155, miR-17, miR-184, miR-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, miR-34a, miR

34c, miR-376a, miR-376c, 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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[00221 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for let-7d, miR-218, miR-34a, miR-375, miR-494, miR-100, miR-124, miR

1250, miR-125b, miR-126, miR-1271, miR-136, miR-138, miR-145, miR-147, miR-148a, miR

181a, miR-206, miR-220a, miR-26a., miR-26b, miR-29a, miR-32, miR-323-5p, miR-329., miR

338, miR-370, miR-410., miR-429, miR-433, miR-499a-5p, miR-503, miR-506, miR-632, miR

646, miR-668, miR-877, and/or miR-9 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 oral cancer.  

[00231 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for let-7i, miR-100, miR-124, miR-125b, miR-129-5p, miR-130b, miR-133a, 

miR-137, mitiR-138, miR-141, miR-145, miR-148a, miR-152, miR-153, miR-155, miR-199a., 

miR-200a, miR-200b, miR-200c, miR-212, miR-335, rniR-34a, miR-34b, miR-34c, miR-409-3p, 

miR-411, miR-429, miR-432, miR-449a, miR-494, miR-497, miR-498, miR-519d., miR-655., 

miR-9, miR-98, miR-101, miR-532-5p, miR-124a., miR-192, miR-193a, and/or miR-7 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 ovarian cancer.  

[00241 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-216a- 5 p, miR-802, miR-217, miR-145-3p, miR-143-3p, miR-451a, 

miR-375. 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- 13 6 -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, miR-1181, miR-124, 

miR-1247, miR-133a, miR-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-29c, miR-335, miR

34a, miR-34b, miR-34c, 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-7c, let-7d, let-7 e, let-7f-1, let-7f-2, let-7g, 

let-7i, miR-126, miR-135a, miR-143, miR-144, miR-150, miR-16, miR-200a, miR-200b, miR

200c, miR-217, miR-218, miR-337, miR-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 is used for treating pancreatic cancer.  

[00251 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for let-7a-3p, let-7c, miR-100, miR-101, miR-105, miR-124, miR-128, miR

9



WO 2017/132552 PCT/US2017/015417 

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, miR-224, miR-23a, miR-23b, miR-25, miR-26a, miR-26b, miR

29b, miR-302a, miR-30a, miR-30b, miR-30c-1, miR-30c-2, miR-30d, miR-30e, miR-31, miR

330, miR-331 3p, miR-34a, miR-34b, miR-34c, miR-374b, miR-449a, miR-4723-5p, miR-497, 

miR-628-5p, miR-642a-5p, miR-765, and/or miR-940 inserted into the 5' UTR or 3' UTR of one 

or more viral genes required for viral replication. In further embodiments, the oncolytic virus is 

used for treating prostate cancer.  

[00261 In some embodiments, the tumor-suppressive miR target sequence is 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 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 retinoblastoma.  

[00271 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-143-3p, miRk133b, miR-1264, miR-448, miR-1298-5p, miR-490-5p, 

miR-138-2-3p, miR-144-3p, miR-144-5p, miR-150-5p, miR-129-1-3p, miR-559, miR-1-3-p, 

miR-143-5p, miR-223-3p, miR-3943, miR-338-3p, miR-124-3p, miR-219a-5p, miR-219a-2-3p, 

miR-451a, miR-142-5p, miR-133a-3p, miR-145-5p, and/or miR-145-3p. In further embodiments, 

the oncolytic virus is used for treating glioblastoma.  

[00281 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-143-3p, miR-223-3p, miR-6080, miR-208b-3p, miR-206, miR-i 33a-5p, 

miR-133b, miR-199a-5p, miR-199b-5p, miR-145-3p, miR-145-5p, miR-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-199a-3p, and/or miR-199b-3p. In further embodiments, the 

oncolytic virus is used for treating head and neck cancer.  

100291 In some embodiments, the tumor-suppressive miR target sequence is a 

target sequence for miR-133b, miR-208b-3p, miR-6130, miR- 14 1-5 p, 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, miR-124-5p, miR-122-3p., miR-122-5p, miR-1-3p, miR-133a-3p., miR-375, miR

14 1-3p, miR-31-5p, miR-205-5p, miR-200c-3p., and/or miR-203a-3p. In further embodiments, 

the oncolytic virus is used for treating a Schwannoma.  

10



WO 2017/132552 PCT/US2017/015417 

[00301 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 into a locus of one or more viral genes required for viral 

replication; (b) one or more polynucleotides encoding one or more proteins or oligonucleotides, 

wherein the proteins or oligonucleotides reduce the expression or inhibit the function of a miR, a 

gene, or a TIMP; (c) at least one protease-activated antibody; and/or (d) a polynucleotide 

encoding at least one protease activated antibody. In some embodiments, the miR is an 

oncogenic miR or a microenvironment remodeling miR. In some embodiments, the oncogenic 

miR is selected from the miRs listed in Table 4. In some embodiments, the gene is 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 is selected from the miR-s listed in 

Table 5. In some embodiments, the TIMP is selected from TIMP1, TIMP2, TIMP3 and TIMP4.  

In some embodiments, the oligonucleotide of (b) is an shRNA or a decoy oligonucleotide. In 

some embodiments, 

[00311 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 into a locus of one or more viral genes required for viral 

replication; (b) one or more polynucleotides encoding one or more proteins or oligonucleotides, 

wherein the proteins or oligonucleotides reduce the expression or inhibit the function of a miR, a 

gene, or a TIMP; (c) at least one protease-activated antibody; and/or (d) a polynucleotide 

encoding at least one protease activated antibody, wherein the protein is a nuclease, a bispecific 

T-cell engager (BiTE), an anti-immunosuppressive protein, or an immunogenic antigen. In some 

embodiments, the nuclease is selected from a Clustered Regulatory Interspaced Short 

Palindromic Repeats (CRISPR)-associated endonuclease, a zine-finger nuclease (ZFN) or a 

Transcription activator-like effector nuclease (TALEN). In some embodiments, the CRISPR

associated endonuclease is selected from SpCas9, SpCas9-HFI, SpCas9-HF2, SpCas9-HF3, 

SpCas9-HF4, SaCas9, FnCpf, FnCas9, eSpCas9, C2C1, C2C3, Cpfl, Cast, CaslB., Cas2, Cas3, 

Cas4, Cas5, Cas6, Cas7, Cas8, Cas9, Cas10, Csyl, Csy2, Csy3, Csel, Cse2, Cscl, Csc2, Csa5, 

Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, Cmr5, Cmr6, CsblI, Csb2, Csb3, 

CsxlT Csx14, CsxIO, Csx16, CsaX, Csx3, Csxl, Csxl5, Csfl, Csf2, Csf3, and Csf4. In further 

embodiments, the oncolytic virus further comprises a heterologous polynucleotide encoding an 
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tracr-RNA (trRNA) and a crispr-RNA (crRNA), wherein the crRNA is 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.  

100321 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 is a VHH-derived blocker or a VHH

derived BiTE.  

100331 In some embodiments, the protein induces an anti-tumor immune 

response. In further embodiments, the protein is selected from EpCAM, folate, IFN, anti

CTLA-4, anti-PD1, A2A, anti-FGF2, anti-FGFR/FGFR2b, anti-SEMA4D, CCL5, CD137, 

CD200, CD38, CD44, CSF-IR, CXCLIO, CXCL13, endothelin B Receptor, IL-12, IL-I5, IL-2, 

IL-21, IL-35, ISRE7, LFA-1, NG2 (also known as SPEG4), a SMAD protein, STING, TGF3, 

and VCAM 1.  

[00341 In some embodiments, the present invention provides for recombinant 

oncolytic viruses comprising one or more of (a) one or more tumor-suppressive micro-RNA 

(rniR) target sequences inserted into a locus of one or more viral genes required for viral 

replication; (b) one or more polynucleotides encoding one or more proteins or oligonucl eoti des, 

wherein the proteins or oligonucleotides reduce the expression or inhibit the function of a miR, a 

gene, or a TIMP; (c) at least one protease-activated antibody; and/or (d) a polynucleotide 

encoding at least one protease activated antibody, wherein the at least one protease-activated 

antibody is incorporated into a viral glycoprotein envelope. In some embodiments, the protease

activated antibody is activated by a protease selected from a cysteine cathepsin, an aspartic 

cathepsin, a kallikrein (hK), a serine protease, a caspase, a matrix metalloproteinase (MMP), and 

a disintegrin metalloproteinase (ADAM). In some embodiments, the protease is selected from 

cathepsin K, cathepsin B, cathepsin L, cathepsin E, cathepsin D, hiK1, PSA (hK3), hK1O, hK15, 

uPA, uPAR, AlP- 1, MP-2, MMP-3, MMP-7, MMLP-8, MMP-9, MMIP-10, MMIP-11, MMlP

12, MMP-13, MMP-14, AMP-15, MMP-16, AIP-17, MMP-18, MMP-19, MMP-20, IMP-21, 

MMP-23A, MMP-23B, MMP-24, MMP-25, MMP-26, MMP-27, AMIP-28, or a protease listed 

in Table 6.  

[00351 In some embodiments, 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 
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cell or in a non-cancer microenvironment. In some embodiments, the protease-activated antibody 

binds NKG2D, c-met, HGFR, CD8, heparan sulfate, VSPG4 (also known as NG2), EGFR, 

EGFRvIII, CD133, CXCR4, carcinoembryonic antigen (CEA), CLC-3, annexin II, human 

transferrin receptor, or EpCAM.  

[00361 In some embodiments, the miR 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 is 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, UL5, UL6, UL7, UL8, UL9, ULA , UL1 2, UL1 4, UL 5, 

UL17, UL 18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, 

UL32, UL33, UL34, UL35, UL36, UL137, UL38, UIL39, UL4O, UL42, UL48, UL49, UL52, 

UL53, UL54., ICPO, ICP4, ICP22, ICP27, ICP47., gamma-34.5, US3, US4, US5, US6, US7., USS 

US9, US10, US11, and US12.  

[00371 In some embodiments, the invention provides for a nucleic acid molecule 

encoding an oncolytic virus described herein. In some embodiments, the invention provides for a 

viral stock of an oncolytic virus described herein. In some embodiments, the invention provides 

for a composition comprising an oncolytic virus described herein and a pharmaceutically

acceptable carrier.  

[00381 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 infect and replicate 

within said cancerous cell, and wherein 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 miR-target 

sequences compared to the expression of the tumor-suppressive miR in a non-cancerous cell. In 

some embodiments, the expression level of the tumor-suppressive miR in the cancerous cell is at 

least 5% less than the expression level the tumor-suppressive miR in the non-cancerous cell. In 

some embodiments, replication of the oncolytic virus is increased or maintained in cancerous 

cells with a reduced expression of the tumor-suppressive miR capable of binding to the one or 

more tumor-suppressive miR-target sequences. In some embodiments, viral replication is at least 
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5% greater in the cancerous cells compared to the viral replication in the non-cancerous cell. In 

some embodiments, the cell is in vivo. In some embodiments, the cell is within a tumor.  

[00391 In some embodiments, the invention provides a method of treating cancer 

in 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, 

intramuscularly, or intranasally. In some embodiments, 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, malignant glioma, glioblastoma, melanoma., B-cell chronic lymphocytic 

leukemia, diffuse large B-cell lymphoma (DLBCL), and marginal zone lymphoma (MZL). In 

some embodiments, lung cancer is small cell lung cancer or non-small cell lung cancer. In some 

embodiments, liver cancer is hepatocellular carcinoma (HCC).  

BRIEF DFsCR1PTION OF ilE DRAWINGS 

[00401 FIG. 1 illustrates a heat map of an miRNA expression profile in cancerous 

and non-cancerous brain tissue corresponding to 25 selected miRNAs.  

[00411 FIG. 2 illustrates a heat map of an miRNA expression profile in cancerous 

and non-cancerous bladder tissue corresponding to 25 selected miRNAs.  

100421 FIG. 3 illustrates a heat map of an miRNA expression profile in cancerous 

and non-cancerous breast tissue corresponding to 25 selected miRNAs.  

100431 FIG. 4 illustrates a heat map of an miRNA expression profile in cancerous 

and non-cancerous colon tissue corresponding to 25 selected miRNAs.  

100441 FIG. 5 illustrates a heat map of an miRNA expression profile in 

glioblastoma and non-cancerous brain tissue corresponding to 25 selected miRNAs.  

100451 FIG. 6 illustrates a heat map of an miRNA expression profile in cancerous 

and non-cancerous head and neck tissue corresponding to 25 selected miRNAs.  

100461 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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[00471 FIG. 8 illustrates a heat map of an miRNA expression profile in cancerous 

and non-cancerous pancreatic tissue corresponding to 25 selected miRNAs.  

[00481 FIG. 9 illustrates a heat map of an miRNA expression profile in 

schwannoma and non-schwannoma tissue corresponding to 25 selected miRNAs.  

[00491 FIG. 10 illustrates downregulation of miR-451a expression in all tumor 

types (CA) compared to non-cancerous tissue (Norm).  

[00501 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-I in non-cancerous head and neck tissue (H&N).  

[00511 FIG. 12 illustrates downregulation of miR-559 expression in all tumor 

types (CA), low expression of miR-559 in non-cancerous tissue (Norm)., and high expression of 

miR-559 in non-cancerous lung tissue.  

[00521 FIG. 13 illustrates downregulation of miR-145-5p expression in all tumor 

types (CA) and high expression of miR-145-5p in the majority of non-cancerous tissue (Norm).  

[00531 FIG. 14 illustrates downregulation of miR-143-3p expression in colon 

lung, and pancreatic tumor types (CA) and high expression of miR-143-3p in the majority of 

non-cancerous tissue (Norn).  

[00541 FIG. 15A- FIG. 15C illustrate a miRNA expression and attenuation 

reporter gene system described in Example 2. FIG. 15A shows a schematic of a pTetR tet 

repressor plasmid that induces expression of an miRNA expression plasmid. FIG. 15B shows a 

schematic of a pTF-002 miRNA expression plasmid containing a tet-inducible mCherry and 

miRNA expression cassette. FIG. 15C shows a schematic of a pTF-004 miRNA attenuation 

reporter enabling the read-out of destabilized GFP (dsGFP).  

[00551 FIG. 16 illustrates miR-122 expression and attenuation using the reporter 

system shown in FIG. 15 and described in Example 2.  

[00561 FIG. 17 illustrates miR-122, miR-184, miR-34a, and Let7a-mediated GFP 

attenuation using the reporter system shown in FIG. 15 and described in Example 2. Circled 

wells indicate reduced GFP expression levels.  

100571 FIG. 18 illustrates expression of miR-122, miR-184, miR-34a, and Let7a, 

indicated by mCherry expression, using the reporter system shown in FIG. 15 and described in 

Example 2.  
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[00581 FIG. 19 illustrates miR-1 22, 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.  

100591 FIG. 20 illustrates expression of miR-122, miR-124, miR-145, miR-199, 

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

described in Example 2.  

[00601 FIG. 21 shows quantitation of miR-122 and miR-184 attenuated GFP 

fluorescence.  

[00611 FIG. 22 shows quantitation of miR-34a and miR-184 attenuated GFP 

fluorescence.  

[00621 FIG. 23 shows quantitation of Let7a and miR-184 attenuated GFP 

fluorescence.  

[00631 FIG. 24 shows quantitation of rniR-124 and miR-184 attenuated GFP 

fluorescence.  

[00641 FIG. 25 shows quantitation of miR-145 and miR-184 attenuated GFP 

fluorescence.  

[00651 FIG. 26 shows quantitation of miR-199 and miR-451 attenuated GFP 

fluorescence.  

[00661 FIG. 27 shows quantitation of miR-125 and miR-451 attenuated GFP 

fluorescence.  

100671 FIG. 28 shows quantitation of miR-126 and miR-451 attenuated GFP 

fluorescence.  

100681 FIG. 29 shows quantitation of miR-127 and miR-451 attenuated GFP 

fluorescence.  

100691 FIG. 30 shows quantitation of miR-133 and miR-451 attenuated GFP 

fluorescence.  

[00701 FIG. 31 shows quantitation of miR-223 and miR-451 attenuated GFP 

fluorescence.  

10071] FIG. 32 shows miR-attenuated HSV constructs with target sequences for 

various miRNAs inserted into the ICP27 and ICP4 genes.  
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[00721 FIG. 33 illustrates ISV attenuation by miR-125 in non-cancerous (post

mitotic lung) and cancerous (A253) cells.  

[00731 FIG. 34 shows qPCR-based quantitation of HSV attenuation by miR-125 

in non-cancerous (PM Lung) and cancerous (A253) lung cells.  

[00741 FIG. 35 illustrates fluorescence-based quantitation of HSV attenuation by 

miR-145 in HCC1395 vs. A253 cells.  

[00751 FIG. 36 shows qPCR-based quantitation of HSV attenuation by miR-145 

in HCC1395 vs. A253 cells.  

[00761 FIG. 37 illustrates fluorescence-based quantitation of HSV attenuation by 

miR-1 99a-5p vs. miR-143-3p in normal lung cells.  

[00771 FIG. 38 shows qPCR-based quantitation of HSV attenuation in normal 

lung cells by miR-199a-5p vs. miR-143-3p.  

[00781 FIG. 39 illustrates a schematic of an ICP4-TmiRNA-attenuated HSV 

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

[00791 FIG. 40 shows a schematic of an ICP27-TmiRNA-attenuated HSV vector 

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

[00801 FIG. 41 shows a schematic of a UL1I9-TmiRNA-attenuated HSV vector 

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

[00811 FIG. 42 shows a schematic of an UL9-TmiRNA and ICP27-TmiRNA

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

100821 FIG. 43 shows a schematic of an UL19-TmiRNA and ICP4-TmiRNA

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

100831 FIG. 44 shows a schematic of an UL19-TmiRNA, ICP27-TmiRNA, and 

ICP4-TmiRNA-attenuated HSV vector for the treatment of cancer or benign hyper-proliferative 

disorders.  

[00841 FIG. 45 shows a schematic of an ICP4-TmiRNA-attenuated, genome

editing HSV vector for the treatment of cancer.  

[00851 FIG. 46 shows a schematic of an ICP4-TmiRNA-attenuated, genome

editing, microenvironment-remodeling HSV vector for the treatment of cancer.  

[00861 FIG. 47 shows a schematic of an ICP4-TmiRNA and ICP27-TmiRNA

attenuated HSV vector for the treatment of pancreatic, lung, and colon cancer.  
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[00871 FIG. 48 shows a schematic of an ICP4-TmiRNA and ICP27-TmiRNA

attenuated [ISV vector for the treatment of multiple cancer types.  

[00881 FIG. 49 shows a schematic of an ICP4-TmiRNA and ICP27-TmiRNA

attenuated HSV vector for the treatment of schwannoma.  

DETAILED DESCRIPTION OF THE INVENTION 

100891 In some aspects, the present invention utilizes differential miRNA 

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 miRNAs 

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 viral vector 

suitable to treat a broad array of cancers.  

[00901 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 limited to patents, patent applications, articles, books, 

and treatises, are hereby expressly incorporated by reference in their entirety for any purpose. In 

the event that one or more of the incorporated documents or portions of documents define a term 

that contradicts that term's definition in the application, the definition that appears in this 

application controls. However, mention of any reference, article, publication, patent, patent 

publication, and patent application cited herein is not, and should not be taken as an 

acknowledgment, or any form of suggestion, that they constitute valid prior art or form part of 

the common general knowledge in any country in the world.  

[00911 In the present description, any concentration range, percentage range, ratio 

range, or integer range is to 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 miRiNA target sequences).  

Oncolvtic Viruses 

[00921 In some embodiments, the present invention provides for recombinant 

oncolytic viruses, wherein one or more copies of one or more tumor-suppressive micro-RNA 

(miR) 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 

including, but not limited to, herpes simplex virus, an adenovirus, a polio virus, a vaccinia virus, 

a measles virus, a vesicular stomatitis virus, an orthomyxovirus, a parvovirus, a maraba virus or 

a coxsackievirus. In some embodiments, the oncolytic viruses described herein are incorporated 

into a viral vector. The term "vector" is used herein to refer to a nucleic acid molecule capable 

transferring or transporting another nucleic acid molecule. The transferred nucleic acid is 

generally linked to, e.g., inserted into, the vector nucleic acid molecule. A vector may include 

sequences that direct autonomous replication in a cell, or may include sequences sufficient to 

allow integration into host cell DNA. A viral vector may sometimes be referred to as a 

"recombinant virus" or a "virus." The terms "oncolytic virus" and "oncolytic vector" are used 

interchangeably herein. In particular embodiments, the recombinant viral vector is a herpes 

simplex virus capable of tumor-selective vector replication as described in International PCT 

Publication No. WO 2015/066042, which is incorporated by reference in its entirety.  

[00931 The terms "microRNA," "miRNA," and "miR" are used interchangeably 

herein and refer to small non-coding endogenous 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 demonstrate differential expression 

of miRs compared to non-cancerous control cells. As used herein, the term "oncomiR" 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 onconuR is 

associated with the development or maintenance of a particular cancer. Such miRs are referred to 

herein as "oncogenic miRs." 

[00941 In some embodiments, the expression of an oncogenic miR is 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 miR in a non-cancerous cell or tissue. In some embodiments, the expression of 

an oncogenic miR is increased by at least 5%, 10%, 15%, 200%, 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 oncogenic miR_ in a non-cancerous cell or tissue. In some 

aspects, a cancerous cell or tissue may express an oncogenic miR that is not expressed in non

cancerous control cells or tissues. In some embodiments, the expression of an oncogenic miR is 

increased in cancerous cells or tissues compared to cancerous cells derived from a different 

cancer type. For example, the expression of an oncogenic miR in a cancerous cell may be 

increased by at least 5% compared to cancerous cells derived from a different cancer type. In 

some embodiments, the expression of an oncogenic miR is 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 cancerous cells derived from a different cancer type.  

Examples of oncogenic nuRNAs 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.  

100951 In some embodiments, the expression of a particular oncomiR is 

associated with the prevention and/or delay of carcinogenesis and/or metastasis. Such oncomiRs 

are referred to herein as "tumor-suppressor miRs" or "tumor-suppressive miRs," as their 

expression prevents or suppresses the development of cancer. In some embodiments, under

expression of tumor-suppressive miRs can lead to cancer. As such, in some aspects, tumor

suppressive miRs are expressed in healthy cells and are not expressed in cancerous cells. In some 

aspects, the expression of a particular tumor-suppressive miR is 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 is 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 miR 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 is increased by at least 

5%, 1 0%, 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 

limited to, miR-15a, miR-16-1, miR-34, as well as miRNAs of the let-7 family. Additional 

examples of tumor-suppressive miRs are listed in Table 3 and Table 8.  

[00961 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 in one context, and result in distinct or opposing results when activated or 

expressed in a different context. Therefore, the characterization of a particular gene or miR as an 

oncogene" or "oncogenic miR" or as a "tumor-suppressor" or "tumor-suppressive miR" is not a 

binary distinction and is often context dependent. For example, miR-152b functions as an 

oncogenic miR in the vast majority of hematologic malignancies, but functions as a tumor

suppressive miR in many solid tumors. Further, a particular miR may be highly expressed in 

both cancerous and non-cancerous cells. For example, miR-1 55 is highly expressed in normal 

cells, playing an essential role in macrophage polarization, and is also highly expressed in cancer 

cells. As such, the development of the miR-attenuated, genome-editing, and microenvironment

remodeling oncolytic viruses described herein is based on the differential expression of a 

particular miR or group of miRs in one cell population or tissue compared to another cell 

population or tissue. One of skill in the art will understand that the term tumor-suppressive miR 

generally refers to a miR that is more highly expressed in a non-cancerous cell or tissue 

compared to a cancerous cell or tissue, and that the term oncogenic miR generally refers to a miR 

that is 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 in one type of cancer may or more may not function as a tumor-suppressive 

miR in a different type of cancer, and that a miR 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.  

[00971 Table I 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 is shown in Table 2. miRNAs regulate many transcripts of proteins that are 

involved in the control of cellular proliferation and apoptosis. Regulated proteins include 

conventional proto-oncoproteins and tumor suppressors such as Ras, Myc, Bc2, PTEN and p53.  

Aberrant expression of miRNAs therefore often is involved in development of cancer and can 

therapeutically be corrected by either inhibiting oncogenic miRNAs or replacing the depleted 

tumor suppressor miRNA. Further, the differential expression of particular oncomiRs in 

cancerous vs. non-cancerous cells can be exploited as a means to target cancer therapeutics 

specifically to cancer cells. As such, in some embodiments, the oncolytic viral vectors described 

herein can comprise the following properties individually or in combination: insertion of tumor

suppressive miRNA target sequences into the viral genome, thereby restricting viral vector 

replication to cancer or turor cells; one or more polynucleotides incorporated into the viral 

genome whose product(s) disrupt the function of an oncogenic miRNA and/or the cancer 

extracellular matrix; and/or protease-activated antibodies incorporated into the viral particle in 

order to highly selectively target the vectors to cancer and/or tumor cells.  

100981 One aspect of the invention comprises a recombinant oncolytic virus (or 

viral vector) comprising a plurality of copies of one or more tumor-suppressive miRNA target 

sequences (e.g., an miRNA selected from the miRNAs 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 tunor-suppressive nuRNA 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 limiting viral replication in healthy, non-cancerous cells. Such recombinant oncolytic 

viruses and/or vectors are referred to herein as "miR-attenuated" or "replication-restricted" as 
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they result in reduced or attenuated viral replication in cell that express a tumor-suppressive miR 

capable of binding to the incorporated tumor-suppressive miR target sequence compared to cells 

that do not express, or have reduced expression of, the tumor-suppressive miR. By incorporating 

tumor-suppressive miRNAs into key genes required for viral replication, viral replication can be 

conditionally suppressed in normal diploid cells expressing the tumor-suppressive miRNAs and 

can proceed normally in cells that do not express the tumor-suppressive miRNAs. In such 

embodiments, healthy, non-cancerous cells are protected from the normal cells from lytic effects 

of infection by the recombinant viral vector.  

[00991 In certain embodiments, the one or more tumor-suppressive miRNA target 

sequences is incorporated into the 5' untranslated region (UTR) and/or 3' 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 3' or 5' non coding sequence which comprises a 

tumor-suppressive miRNA target sequence., but these tumor-suppressive miRNAs are lacking in 

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 is incorporated into one or more viral genes required for 

replication. In some embodiments, the oncotvtic viral vector may comprise multiple copies of an 

identical tumor-suppressive miR target sequence incorporated into 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 5' 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 miR target sequence may be incorporated into 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 

genes required for viral replication. In particular embodiments, 2 to 6 copies of a tumor

suppressive miR target sequence are incorporated into the 3' or 5' 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 incorporated into the 3' or 5' JTR of two or more viral genes required 

for replication.  

[001001 In some embodiments, the oncolytic viral vector may comprise target 

sequences for more than one tumor-suppressive miR incorporated into one viral gene required 

for replication. For example, target sequences for 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more different 

tumor-suppressive miRs may be incorporated into a single gene required for viral replication. In 

some embodiments, the oncolytic viral vector may comprise target sequences for more than one 

tumor-suppressive miR incorporated into a plurality of viral genes required for replication. For 

example, target sequences for 1, 2, 3., 4, 5, 6, 7, 8, 9., 10 or more different tumor-suppressive 

miRs may be incorporated into 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more genes required for viral 

replication. In some embodiments, the oncolytic viral vector may comprise multiple target 

sequences (eg., at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 copies of one target sequence) for at least two 

different tumor-suppressive miRs (e.g., at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 different tumor

suppressive miRs). In such embodiments, the multiple target sequences for a first tumor

suppressive miR may be incorporated into a first gene required for replication, the multiple target 

sequences for a second tumor-suppressive miR may be incorporated into a second gene required 

for replication, the multiple target sequences for a third tumor-suppressive miR may be 

incorporated into a third gene required for replication, etc. In particular embodiments, the 

oncolytic viral vectors described herein comprise at least 2 to at least 8 copies of first tumor

suppressive miR target sequence incorporated into the 3' or 5' UTR of a first gene required for 

replication, at least 2 to at least 8 copies of second tumor-suppressive miR target sequence 

incorporated into the 3' or 5' UTR of a second gene required for replication, and at least 2 to at 

least 8 copies of third tumor-suppressive miR target sequence incorporated into the 3' or 5' UTR 

of a third gene required for replication.  

1001011 In some embodiments, the miR-attenuated oncolytic viruses described 

herein result in reduced viral replication in a cell that expresses a tumor-suppressive miR capable 

of binding to one or more of the incorporated miR-target sequences. "Viral replication" refers to 

the total number of viral replication cycles that occur in 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 viral 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 

intensity 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 viral 

replication that is lower in a first cell or first population of cells compared to a second cell or a 

second population of cells. In some embodiments, the level of viral replication in the first cell or 

first population of cells is reduced by at least 5% compared to the level of viral replication in the 

second cell or population of cells. In some embodiments, the level of viral replication in the first 

cell or first population of cells is reduced by at least 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 

25%, 30%., 35%, 40%, 50%, 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 is completely inhibited compared to the viral replication in 

the second cell or population of cells.  

[001031 In some embodiments, the reduced viral replication in the first cell or first 

population of cells correlates with the expression of a tumor-suppressive miR capable of binding 

to the one or more miR-target sequences incorporated into one or more viral genes required for 

replication. In some embodiments, expression of a tumor-suppressive miR corresponding to the 

incorporated 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 is at least 5% lower than the expression level of the 

tumor-suppressive miR in the first cell or population. In some embodiments, the expression level 

of the tumor-suppressive miR in the second cell or population of cells is reduced at least 5%, 6%, 

7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%, 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.  

[001041 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 

into a locus in the viral genome in tandem. In such embodiments, the multiple copies of the 

target sequence may be separated by a linker 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, 5, 6, 7, 8, 9, 10, 15, 20, 25, or more nucleotides. In 

some embodiments, the linker sequence or the spacer sequence comprises about 5 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 limit the present 

invention in 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 inserted in tandem into 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 miRNA; or (b) target sequence 

for a first tumor-suppressive miRNA - linker or spacer sequence --- target sequence for a second 

tumor-suppressive miRNA. In some embodiments, the miRNA target sequence is the reverse 

complement of the miRNA.  

[001051 In some embodiments, an oncolytic virus is a herpes simplex virus (HSV), 

and the viral gene required for viral replication UL1, UL5, UL6, UL7, UL8, UL9, ULi 1, UL12, 

UL14, UL15, UL17, ULi8, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, 

UL30, UL3I, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, 

UL49, UL52, UL53, UL54, ICP0, ICP4, ICP22, ICP27, 1CP47, gamma-34.5, US3, US4, US5, 

US6, US7, US8, US9, US1O, USI, and/or US 12. In some embodiments, an oncolytic virus is a 

herpes simplex virus (HSV), and the one or more tumor-suppressive miRNA target sequences is 

incorporated into one or more of ICP0, ICP4, UL19, and 1CP27 genes. In certain embodiments, 

an oncolytic viral vector is an HSV that comprises one or more tumor suppressive miRNA target 

sequences (e.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., ULI, UL5, U16, UL7, UL8, UL9, UL11, UL12, UL14, 

UL15, UL17, UL18, UL19, U20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, 
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UL31, UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, 

UL52, UL53, UL54, ICPO, ICP4, I1CP22, ICP27, I1CP47, gamma-34.5, US 3, US4, US5, US6, 

US7, US8, US9, US10, US11, or US12) that are required for viral replication (e.g., FIGs. 39-49).  

1001061 In some embodiments, a replication-restricted viral vector (e.g., a miR

attenuated viral vector) comprises at least one let-7 target sequence and is used to treat lung 

cancer. In some embodiments, a replication-restricted viral vector comprises at least one miR

15a and/or at least one miR-16A target sequences and is 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 miR-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-145 target sequences and is used to treat 

colorectal cancer. In certain embodiments, a replication-restricted viral vector comprises at least 

one miR-1 81a, at least one miR-181b, and/or at least one miR1i 81c target sequences and is used 

to treat glioblastoma. In some embodiments, a replication-restricted viral vector comprises at 

least one miR-199a*, at least one miR-195, at least one miR-199a, at least one miR-200a, and/or 

at least one miR-125a target sequences and is used to treat liver cancer (e.g., hepatocellular 

carcinoma).  

[001-071 In particular embodiments, a replication-restricted viral vector comprises 

at least one miR-451a target sequence, at least one miR-143-3p target sequence, at least one 

miR-559 target sequence, and at least one miR-124 target sequence and is used for the treatment 

of pancreatic, lung, and/or colon cancer. In such embodiments, the target sequences for miR

451a, miR-143-3p, miR-559, and miR-124 are incorporated into two or more genes required for 

viral replication (e.g., ICP4 and ICP27). In further particular embodiments, a replication

restricted viral vector comprises at least one miR-451a target sequence, at least one miR-145-5p 

target sequence, at least one miR-559 target sequence, and at least one miR-124 target sequence 

and is 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 iR-124 target sequence and is used for the treatment of schwannoma. In such 
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embodiments, the target sequences for miR-205p, miR-141-5p, miR-31-5p, and miR-124 are 

incorporated into two or more genes required for viral replication (e.g., ICI4 and ICP2 7).  

[001081 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

5p, miR-1-3p, miR-127-3p, miR-379-5p, miR-493-5p, miR-223-5p, miR-223-5p, miR-136-5p, 

miR-451a, miR-487b-3p, miR-370-3p, miR-410-3p, miR-431 -3p, miR-4485-3p, miR-4485-5p, 

miR-127-5p, miR-409-3p, miR-338-3p., miR-559, miR-411-5p, miR-133a-5p, miR-143-3p, miR

376b-3p, miR-758-3p, miR-1, miR-101, miR-1180, miR-1236, miR-124-3p, miR-125b, miR

126, miR-1280, miR-133a, miR-133b, miR-141, miR-143, miR-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, miR-26a, miR-29c, miR-320c, miR-34a, miR-370, miR-409-3p, miR

429, miR-451, miR-490-5p, miR-493, miR-576-3p, and/or miR-99a inserted into the 5' UTR or 

3' UTR of one or more viral genes required for viral replication. This oncolytic virus may be 

used in methods and compositions for treating bladder cancer.  

[001091 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-1251-5p, miR

219a-5p, miR-219a-2-3p, miR-124-3p, miR-448, miR-138-2-3p, miR-490-5p, miR-129-1-3p, 

miR-1264, miR-3943, miR-490-3p, miR-3 8 3-5p, miR-133b, miR- 1 29-2-3p, miR-L28-2-5p, miR

133a-3p, miR-129-5p, miR-1-3p, miR-885-3p, miR-124-5p, miR-759, miR-7158-3p, miR-770

5p, miR-135a-5p, miR-885-5p, let-7g-5p, miR-100, miR-101, miR-106a, miR-124, miR-1 24a, 

miR-125a, miR-125a-5p, miR-125b, miR-127-3p, miR-128, miR-129, miR-136, miR-137, miR

139-5p, miR-142-3p, miR-143, miR-145, miR-146b-5p, miR-149, miR-152, miR-1 53, miR-195, 

miR-21, miR-212-3p, miR-219-5p, miR-222, miR-29b, miR-31, miR-3189-3p, miR-320, miR

320a, miR-326, miR-330, miR-33 1-3p, miR-340, miR-342, miR-34a, miR-376a, miR-449a, 

miR-483-5p, niR-503, miR-577, miR-663, miR-7, miR-7-5p, miR-873, let-7'a, let-7f, miR-107, 

miR-122, miR-124-5p, miR-139, miR-146a, miR-146b, miR-15b, miR-16, miR-181a, miR-181a

1, miR-181a-2, miR-181b, miR-181b-L miR-181b-2, miR-181c, miR-181d, miR-184, miR-185, 

miR-199a-3p, miR-200a, miR-200b, miR-203, miR-204, miR-205, miR-218, miR-23b, miR-26b, 

miR-27a, miR-29c, miR-328, miR-34c-3p, miR-34c-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- 3 p inserted into the 5' UTR or 3' 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.  

[001101 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,. miR-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, miR-4327, miR

5694, miR-193b, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, 

let-7g, let-7i, miR-100, miR-107, miR-10a, miR-10b, miR-122, miR124, rniR-1258, miR-125a

5p, miR-125b, miR-126, miR-127, miR-29, miR-130a, miR-132, miR-133a, miR-143, miR

145, miR-146a, miR-146b, miR-147, miR-148a, miR-149, miR-152, miR-153, miR-15a, miR

16, miR-17-5p, miR-181a., rniR-1826, rniR-183, miR-185, miR-191, miR-193a-3p, miR-195, 

miR-199b-5p, miR-19a-3p, miR-200a., miR-200b, miR-200c, miR-205, miR-206, miR-21 , miR

216b, rmiR-218, miR-22, miR-26a, miR-26b, miR-300, rniR-30a, miR-31, miR-335, miR-339-5p, 

miR-33b, miR-34a, miR-34b, miR-34c, 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, miR-7, miR-720, miR-873, miR-874, miR-92a, miR-98, miR-99a, mmu-miR-290-3p, 

and/or mmu-miR-290-5p inserted into the 5' UTR or 3' UTR of one or more viral genes required 

for viral replication. This oncolytic virus may be used in methods and compositions for treating 

breast cancer.  

1001111 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-143, miR-145, 

miR-17-5p, miR-203, miR-214, miR-218, miR-335, miR-342-3p, miR-372, miR-424, miR-491

5p, miR-497, miR-7, miR-99a, miR-99b, miR-100, miR-101, miR-15a, miR-16, miR-34a, miR

886-5p, miR-106a, miR-124, miR-148a, miR-29a, and/or miR-375 inserted into the 5' UTR or 3' 

UTR of one or more viral genes required for viral replication. This oncolytic virus may be used 

in methods and compositions for treating cervical cancer.  

[001121 In some embodiments. a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-133a-5p, miR

490-5p, miR-124-3p, miR-137, miR-655-3p, miR-376c-3p, miR-369-5p, miR-490-3p, miR-432

5p, miR-487b-3p, miR-342-3p, miR-223-3p, iRR-136-3p, miR-136-3p, miR-143-5p, miR-1-3p, 
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miR-214-3p, miR- 14 3 -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-Ta-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, 

let-7f-1, let-Tf-2, let-7g, let-7i, miR-100, miR-101, miR-126, miR-142-3p, miR-143, miR-145, 

miR-192, miR-200c, miR-21, miR-214, miR-215, miR-22, miR-25, miR-302a, miR-320, miR

320a, miR-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, miR-62T, let-Ta, 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, miR-139, miR-139-5p, miR-140-5p, miR-148a, miR-148b, miR-149, miR-150-5p, miR

154, miR-15a, miR-15b, miR-16, miR-18a, miR-191, miR-193a-5p., miR-194, miR-195, miR

196a, miR-198, miR-199a-5p, miR-203, miR-204-5p, miR-206, miR-212, rmiR-218, miR-224, 

miR-24-3p, miR-26b, miR-27a, miR-28-3p, rniR-28-5p, miR-29b, miR-30a-3p., miR-30b, miR

328, miR-338-3p, miR-342., miR-345, rniR-34a-5p, miR-361-5p, miR-375, miR-378, miR-378a

3p, rniR-378a-5p, rniR-409-3p, miR-422a, miR-448 7, miR-483, miR-497, miR-498, miR-5I 8a

3p, miR-551a, rniR-574-5p, miR-625, rniR-638, miR-7, miR-96-5p, miR-202-3p, rniR-30a, 

and/or miR-451 inserted into the 5' UTR or 3' UTR of one or more viral genes required for viral 

replication. This oncolytic virus may be used in methods and compositions for treating colon or 

colorectal cancer.  

[001131 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-I1, miR-130a, 

miR-130b, miR-134, miR-143, miR-145, miR-152, miR-205, miR-223, miR-301a, miR-301b, 

miR-30c, miR-34a, inR-34c, nR-424, miR-449a, miR-543, and/or miR-34b inserted into the 5' 

UTR or 3' UTR of one or more viral genes required for viral replication. This oncolytic virus 

may be used in methods and compositions for treating endometrial cancer.  

[001141 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-125b, miR-138, 

miR-15a, miR-15b, miR-16, miR-16-1, miR-16-1-3p, miR-16-2, miR-181a, miR-181b, miR-195I, 

miR-223, miR-29b,miR34b, miR-34c, miR-424, miR-10a, miR-146a miR-150, miR-151, miR

155, miR-2278, miR-26a, miR-30e, miR31, miR-326, miR-564, miR-27a, let-7b, miR-124a, 

miR-142-3p, let-7c, miR-17, miR-20a, miR-29a, miR-30c, miR-720, miR-107, miR-342, miR

34a, miR-202, miR-142-5p, miR-29c, miR-145, miR-193b, miR-199a, miR-214, miR-22, miR

137, and/or miR-197 inserted into the 5' UTR or 3' UTR of one or more viral genes required for 

30



WO 2017/132552 PCT/US2017/015417 

viral replication. This oncolytic virus may be used in methods and compositions for treating 

hematologic cancer. In some embodiments, the hematologic cancer is leukemia, lymphoma, or 

myeloma.  

1001151 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-199a, miR-199a-3p, miR-203, miR-205, miR-497, miR-508-3p, miR-509-3p, let-7a, 

let-7d, miR-106a*, miR-126, miR-1285, miR-129-3p., miR-1291, miR-133a, miR-135a, miR

138, miR-141, miR-143, miR-182-5p, miR-200a, miR-218, miR-28-5p, miR-30a, miR-30c, miR

30d, miR-34a, miR-378, miR-429, miR-509-5p, miR-646, miR-133b, let-7b, let-7c, miRS200c., 

miR-204, miR-335, miR-377, and/or miR-506 inserted into the 5' UTR or 3' UTR- of one or 

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

compositions for treating kidney cancer.  

[001161 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for let-7a-1, let-7a-2, let

7a-3, let-7b, let-7c, let-7d, let-7e, let-7f, let7f-, let-7f-2, let-7g, let-7i, miR-1, rmR-100, miR

101, miR-105, miR-122, miR-122a, miR-1236, niR-124, miR-125b, miR-126, miR-127, miR

1271, miR-128-3p, miR-129-5p, miR-130a, miR-130b, miR-133a, miR-134, miR-137, miR-138, 

miR-139, miR-139-5p, miR-140-5p, miR-141, miR-142-3p, miR-143. miR-144, miR-145, miR

146a, miR-148a, miR-148b, miR-150-5p, miR-15b, miR-16, miR-181a-5p, miR-185, miR-188

5p, niR-193b, miR-195, miR-195-5p, miR-197, miR- 198, niR-199a, niR-199a-5p, niR-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, miR-21-3p, miR-21 1, miR-212, miR-214, miR-217, miR-218, miR

219-5p, miR-22, miR-223, miR-26a, niR-26b, miR-29a, miR-29b-1, niR-29b-2, miR-29c, miR

302b, miR-302c, miR-30a, miR-30a-3p, miR-335, miR-338-3p, miR-33a, miR-34a, niR-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

503, miR-506, miR-519d, miR-520a, miR-520b, miR-520c-3p, miR-582-5p, miR-590-5p., miR

610, miR-612, miR-625, miR-637, miR-675, miR-7, miR-877, miR-940, miR-941, miR-98, 

miR-99a, miR-132, and/or miR-31 inserted into the 5' UTR or 3' UTR of one or more viral 

genes required for viral replication. This oncolytic virus may be used in methods and 
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compositions for treating liver cancer. In some embodiments, the liver cancer is hepatocellular 

carcinoma.  

[001171 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-12 6-5p, miR-1266-3p, miR-6130, miR-6080, miR-511-5p, miR- 14 3-5p, miR-223-5p, 

miR-199b-5p., miR-199a-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-145-5p, miR-1297, miR

141, miR-145, miR-16, miR-200a, miR-200b, miR-200c, miR-29b, miR-381, miR-409-3p, miR

429, miR-451, miR-51 1, miR-99a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f

1, let7f2, let7g, let-7i, miR-l, m-iR-101, mniR-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, miR-195, miR-198, rniR-203, miR-217, miR-218, miR-22, miR-223, miR

26a, miR-26b., miR-29c, miR-33a, miR-34a, rniR-34b, miR-34c, rniR-365, miR-449a, miR-449b, 

miR-486-5p, miR-545, miR-610, rniR-614, miR-630, miR-660, miR-7515, miR-9500, miR-98, 

miR-99b, niR-133a, let-7a, miR-100, miR-106a, miR-107, miR-124, miR-125a-3p, miR-125a

5p, miR-126, niR-126*, miR-129, miR-137, miR-140, miR-143, miR-146b, miR-148a, miR

148b, miR-149, miR-152, miR-154, miR-155, miR-17-5p, niR-181a-1, miR-181a-2, miR-181b, 

miR-181b-I, miR-181b-2, miR-181c, miR-181d, miR-184, miR-186, miR-193b, miR-199a, 

miR-204, miR-212, miR-221, miR-224, miR-27a, miR-27b, miR-29a, 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, miR-4500, miR-4782-3p, miR-497, miR-503, miR-512-3p, 

miR-520a-3p, miR-526b, miR-625*, and/or miR-96 inserted into the 5' UTR or 3' UTR of one 

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

and compositions for treating lung cancer.  

1001181 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, miR-146b, miR-155, miR-17, miR-184, miR-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, miR-34a, miR-34c, miR-376a, miR376c, 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 virus may be used in methods and compositions for treating 

melanoma.  

[001191 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for let-7d, miR-218, miR

34a, miR-375, miR-494, miR-100, miR-124, miR-1250, miR-125b, miR-126, miR-1271, miR

136, miR-138, miR-145, miR-147, miR-148a, miR-181a, miR-206, miR-220a, miR-26a, miR

26b, miR-29a, miR-32, miR-323-5p, miR-329, miR-338, miR-370, miR-410, miR-429, miR

433, miR-499a-5p, miR-503, miR-506, miR-632, miR-646, miR-668, miR-877, and/or miR

9inserted 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 oral cancer.  

[001201 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for let-7i., miR100, 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, miR-200b, miR-200c, miR-212, 

miR-335, miR-34a, miR-34b, miR-34c, miR-409-3p, miR-411, niR-429, miR-432, miR-449a, 

miR-494, miR-497, miR-498, miR-519d, miR-655, miR-9, miR-98, miR-101, miR- 5 32-5p, miR

124a, miR-192, miR-193a, and/or miR-7 inserted into the 5' UTR or 3' UTR of one or more 

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

compositions for treating ovarian cancer.  

[001211 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-21 6a-5p, miR-802, 

miR-217, miR-145-3p, miR-143-3p, miR-451a, miR-375, miR-214-3p, miR-216b-3p, miR-432

5p, miR-2 16a-3p, miR-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- 3 p, miR-4507, miR-1

3p, miR-148a-3p, miR-101, miR-1181, miR-124, miR-1247, miR-133a, miR-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-29c, miR-335, miR-34a, miR-34b, miR-34c, 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-7c, let-7d, let-7e, let-7f-l, let-7f-2, let-7g, let-7i, miR-126, miR-135a, miR-143, miR

144, miR-150, miR-16, miR-200a, miR-200b, miR-200c, miR-217, miR-218, miR-337, miR

494, and/or miR-98 inserted into the 5' 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 

pancreatic cancer.  

[001221 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for let-7a-3p., let-7c, miR

100, miR-101, miR-105, miR-124, miR-128, miR-1296, miR-130b, miR-133a-1, miR-133a-2 

miR-133b, miR-135a, mi-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, miR-224, miR-23a, 

miR-23b, miR-25, miR-26a., miR-26b, miR-29b, miR-302a, miR-30a, miR-30b, miR-30c-1, 

miR-30c-2, miR-30d, miR-30e, miR-31, miR330, miR-331-3p, miR-34a, miR-34b, miR-34c 

miR-374b, miR-449a., miR-4723-5p, miR-4.97, miR-628-5p, miR-642a-5p., miR-765, and/or 

miR-940 inserted into the 5' UTR or 3' UTR_ of one or more viral genes required for viral 

replication. This oncolytic virus may be used in methods and compositions for treating prostate 

cancer.  

[001231 In some embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences for miR-101, miR-183, 

miR-204, miR-34a, miR-365b-3p, miR-486-3p, and/or miR-532-5p inserted into the 5' UTR or 

3' UTR of one or more viral genes required for viral replication. This oncolytic virus may be 

used in methods and compositions for treating retinoblastoma.  

[001241 In some embodiments, an oncolytic virus described herein is a herpes 

simplex virus and wherein the one or more viral genes required for viral replication is selected 

from the group consisting of ULI, UL5, UL6, UL7, UL8, UL9, ULI I, ULi2, UL14, UL15, 

UL17, UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, 

UL32, UL33, UL34, UL35, UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL52, 

UL53, UL54, ICP0, ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3. US4, US5, US6, US7, US8, 

US9, USI, USI 1, and US12.  

[001251 In some cases, the recombinant viral vector of the invention is a herpes 

simplex virus (HSV) and further comprises a deletion of the internal repeat (joint) region 

comprising one copy each of the diploid genes ICPO, ICP34.5, LAT, and ICP4 along with the 

promoter for the ICP47 gene.  

[001261 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, ISV vectors of the present invention can directly infect cells through interaction 

with cell proteins other than typical mediators of ISV infection (e.g., other than nectin-1, 

IVEM, or heparan sulfate/chondroitin sulfate proteoglycans). In certain embodiments, the 

recombinant viral vector of the invention is 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 

invention provides an HSV 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 HSV 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 its entirety. In certain aspects, the mutant entry protein 

within an HSV vector is 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 into cells. In certain embodiments, the mutant 

entry protein is other than gD, although the HSV vector can additionally comprise a mutant gD, 

such as containing a ligand or other desired mutation. Non-limiting mutations of gB or gI 

glycoprotein for use in the inventive HSV vector occur at one or more of the following residues: 

gB:D285, gB:A549, gB:S668, gH:N753, and gH:A778. In some embodiments, the inventive 

HSV vector comprises mutations at both gB:D285 and gB:A549, at both gH:N753 and gH:A778, 

and/or at each of gB:S668, gH:N753, and gH:A778. In certain embodiments, the HSV vector 

contains two or more of such mutations (e.g., 3 or more, 4 or more), and the I-ISV vector can 

comprise mutations in all five of these residues. In one embodiment, an I-ISV vector has 

mutations at gB:285, gB;549, gl:753, and gH:778. The mutations are referred to herein relative 

to the codon (amino acid) numbering of the gD, gB, and gI genes of the -ISV-1 strain KOS 

derivative K26GFP. The sequences for gB and g-I of K26GFP differ from the sequences for gB 

as disclosed in GenBank (#AF311740 (incorporated herein by reference)) and for gIH (GenBank 

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

Amino acid AF311740 K26GFP Nucleotide AF311740 K26GFP 
position positions) 

gB 313 T S 938-939 ACG AGC 
315 A T 943 |GCC ACC 
515 H R 1,544 CAC CGC 

X03896 X03896 
gH 10 AT 
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110 P S 1,305 CCG TCG 
127 T I 1,357 ATC 
138 S A 1,389 TCG GCG 
150 A T 1,425 |GCC ACC 
532 A A 2,573 GCT GCG 
633 R R 2,876 |cu CCc 

[001271 However, K26GFP may contain additional differences in the region of the 

gene corresponding to nucleotides 2,079-2,102 of GenBank X03896. Thus, it will be understood 

that the sequence of either KOS derivative K26GFP or GenBank Accession No. AF311740 can 

serve as a reference sequence for the gB mutations discussed herein. Also, the sequence of either 

KOS derivative K26GFP or GenBank Accession No. X03896 can serve as a reference sequence 

for the gH mutations discussed herein. However, HSV vectors of the invention may include 

homologous mutations in gB and gH of any HSV strain.  

1001281 In some aspects, the mutation of the entry protein for inclusion in an HSV 

vector is a substitution mutation; however, mutations are not limited to substitution mutants. In 

certain embodiments, mutant gB or gH- glycoproteins for use in an HSV vector are selected from 

the group of substitution mutations consisting of gB:D285N, gBA549T, gB:S668N, gH:N753K, 

gH:A778V. In certain aspects, an HSV vector includes combinations of these substitutions (such 

as two or more of such substitutions (e.g., 3 or more, 4 or more, or all)), with the 

gB:D285N/gB:A549T double mutant, the gH:N753K/gH:A778V double mutant, and the 

gB:S668N/gH:N753K/gH:A778V triple mutant being examples of embodiments. In one 

embodiment, an HSV vector comprises gB:D285N/gB:A549T/H :N753K/gH:A778V.  

[001291 In certain aspects, an HSV vector comprises a mutant gB and/or a mutant 

gH glycoprotein, wherein the mutations in the glycoproteins are substitution mutations in at least 

two residues, wherein, when the vector is HSV -1 K26GFP, the at least two residues are selected 

from the group consisting of gB:D285, gB:A549, gB:S668, gH:N753, and gH:A778, or wherein 

when the vector is a homologous HSV, the at least two residues are selected from amino acids 

that correlate to gB:D285, gB:A549, gB:S668, gH:N753, and gH:A778 wherein the gB:D285 

residue correlates to X in VYPYXEFVL (SEQ ID NO: 1), the gB: A549 residue correlates to X in 

KLNPNXIAS (SEQ ID NO:2), the gB:S668 residue correlates to X in ITTVXTFID (SEQ ID 

NO:3) the gI:N753 residue correlates to X in VDTDXTQQQ (SEQ ID NO:4), and the gl: A778 
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residue correlates to X in VPSTXLLLF (SEQ ID NO:5); and wherein the HSV vector is an 

HSV-1 or HSV-2 vector.  

[001301 In one aspect, the invention encompasses a recombinant oncolytic virus 

comprising at least one polynucleotide encoding a protein or an oligonucleotide (e.g., an shRNA, 

a decoy oligonucleotide, or an antagomir) that reduces the expression or inhibits the function of 

an miRNA, a gene, or a tissue inhibitor of metalloproteinases (TIMP). Such recombinant 

oncolytic viruses are referred to herein as "genome-editing" or "microenvironment-remodeling" 

viruses or vectors. The encoded protein or oligonucleotide may reduce expression or inhibit the 

function of a miRNA, gene, or TIMIP in any number of ways including targeting the protein (e.g., 

a TIMP) for degradation (e.g., by ubiquitination 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 miR, gene, or protein (e.g., by an endonuclease).  

[001311 In particular embodiments, the protein or oligonucleotide reduces the 

expression of a miR or a gene involved in carcinogenesis or metastasis (e.g., an oncogenic miR 

or an oncogene). In some embodiments, a recombinant oncolytic virus comprises at least one 

polynucleotide encoding a protein or an oligonucleotide that reduces the expression or function 

of an miRNA that is an oncogenic miRNA (e.g., one or more of the miRNAs listed in Table 4).  

In some embodiments, the recombinant oncolytic virus comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10 or more polynucleotides encoding for a protein or oligonucleotide that reduces the expression 

or function of an oncogenic miRNA. In some embodiments, the recombinant oncolytic virus 

comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more polynucleotides encoding for a plurality of 

proteins or oligonucleotides that reduce the expression or function of a plurality of oncogenic 

miRNAs. In some embodiments, the protein or oligonucleotide reduces the expression of miR

17-92 and is 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 is used to treat 

glioblastoma. In certain embodiments, the protein or oligonucleotide reduces the expression of 

miR-155 and/or miR-17-92 and is 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 miR-221, miR-222, 
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and/or miR-146 and is used to treat thyroid cancer. In some embodiments, the protein or 

oligonucleotide reduces the expression of miR-372 and/or miR-373 and is 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 miR-224 and is used to treat liver cancer (e.g., 

hepatocellular carcinoma).  

1001321 In some embodiments, a recombinant viral vector described herein may be 

used to degrade the tumor extracellular matrix (ECI), which in some aspects leads to enhanced 

viral spread. Matrix metalloproteinases (MMPs) are zinc-dependent proteases that are classified, 

based on their activity, into collagenases, gelatinases, stromelysins and matrilysins. These 

proteases are generally secreted as pro-enzymes (zymogens) and are activated by proteolytic 

removal of the pro-peptide pro-domain. The primary role that MMPs play in cancer is in the 

degradation of the ECM, which facilitates tumor invasion and metastasis. MMVIPs are also 

involved in tumor progression, epithelial to mesenchymal transition (EMT), and angiogenesis.  

MMPs are regulated by miRNAs as well as TIMPs, which comprise a family of four protease 

inhibitors (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 invention. 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; miR-143 regulates MMP-2, MMP-9, and 

MMP-13; miR-218 regulates MMP-2, MMP-7, and MMP-9. Furthermore, the vast majority of 

MMPs may be regulated by a single TIMP master switch: e.g. TIMPI is known to inhibit most 

all of the known MMPs and also promotes cell proliferation in a wide range of cell types; TIMP2 

interacts with MMP-14 and MMP-2.  

[001331 In some embodiments, a recombinant oncolytic virus comprises at least 

one polynucleotide encoding a protein or an oligonucleotide that reduces the expression or 

function of an miRNA that is a microenvironment remodeling miRNA (e.g.., one or more of the 

miRtNAs 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 at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 

or more microenvironment remodeling miRNAs. In some embodiments, the recombinant 

oncolytic 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 invention to knockdown or disrupt expression or 

function of miRNAs or TIMIHs which negatively regulate MM1s. In some embodiments, a 

recombinant oncolytic virus reduces the expression of a TIMP selected from TIMP1, TBIMP2, 

TIMP3 and TIMP4.  

[00134] In some embodiments, the recombinant 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 miR 

(e.g., a miRNA listed in Table 4), a microenvironment remodeling miR (e.g., a miRNA listed in 

Table 5), 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 

inhibiting 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 is selected from a Clustered Regulatory Interspaced Short 

Palindromic Repeats (CRISPR)-associated endonuclease, a zine-finger nuclease (ZFN) or a 

Transcription activator-like effector nuclease (TALEN). In non-limiting examples, a CRISPR

associated endonuclease is selected from SpCas9, SpCas9-HF-1, SpCas9-HF-[2, SpCas9--F[3, 

SpCas9-HF4, SaCas9, FnCpf, FnCas9, eSpCas9, C2C1, C2C3, Cpfl, Casl, CaslB, Cas2, Cas3, 

Cas4, Cas5, Cas6, Cas', Cas8, Cas9 (also known as Csnl and Csx12), CasIO, Csyl, Csy2, Csy3, 

Csel, Cse2, Cscl, Csc2, Csa5, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, Cmrl, Cmr3, Cmr4, 

Cmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4, CsxlO, Csx16, CsaX, Csx3, Csxl, Csxl5, Csfl, 

Csf2, Csf3, and Csf4.  

[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 is comprised of two parts; a crispr-RNA (crRNA) that is specific for a 

target genomic DNA sequence, and a tracr RNA (trRNA) that facilitates Cas binding. The 

crRNA 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 herein, the 

term "guide RNA" or "gRiNA" refers to either the combination of an individual trRNA and an 

individual crRNA or an sgRNA. See, e.g., Jinek et al. (2012) Science 337:816-821; Cong et al.  

(2013) Science 339:819-823; Mali et al. (2013) Science 339:823-826; Qi et al. (2013) Cell 

152:1173-1183; Jinek et al. (2013), eLife 2:e00471; David Segal (2013) eLife 2:e00563; Ran et 

al. (2013) Nature Protocols 8(11):2281-2308; Zetsche e al. (2015) Cell 163(3):759-771; PCT 

Publication Nos. WO 2007/025097, WO 2008/021207, WO 2010/011961, 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; U S. Patent Publication Nos. 2010

0093617, 2013-0011828, 2010-0257638, 2010-0076057, 2011-0217739, 2011-0300538, 2013

0288251, and 2012-0277120; and U.S. Patent No. 8,546,553, each of which is incorporated 

herein by reference in its entirety.  

[001361 Multiple class I CRISPR-Cas systems, which include the type I and type 

III systems, have been identified and functionally characterized in detail, revealing the complex 

architecture and dynamics of the effector complexes (Brouns et al., 2008, Marraffini and 

Sontheimer, 2008, Hale et al., 2009, Sinkunas et al., 2013, Jackson et al., 2014, Miulepati et al.  

2014). In addition, several class 2-type 11 CRISPR-Cas systems that employ homologous RNA

guided endonucleases of the Cas9 family as effectors have also been identified and 

experimentally characterized (Barrangou et al., 2007, Garneau et al., 2010, Deltcheva et al., 

2011, Sapranauskas et al., 2011, Jinek et al., 2012, Gasiunas et 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 

Cpf I (CRISPR from Prevotella and Francisella 1).  

[001371 In some embodiments, an oncolytic virus described herein further 

comprises at least one polynucleotide encoding a trRNA and crRNA targeted to the miRNA or 

the TIIP. In some cases, the at least one polynucleotide encoding a trRNA and crRNA is 

inserted into a locus on the viral genome. In some embodiments, the polyinucleotide is an 

insulated sequence comprising a synthetic insulator or a native viral (e.g., HSV) insulator. In 
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certain embodiments, an oncolytic 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 loci 

including the internal repeat joint region (comprising one copy each of the diploid genes ICPO, 

ICP34.5, LAT, ICP4, and the ICP47 promoter), ICPO, LAT, ULI, UL5, UL6, UL7, UL8, UL9, 

ULI1, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL25, UL26, UL26.5, UL27, 

UL28, UL29, UL30, UL31, UL32, UL33, UL34., UL35, UL36, UL37, UL38, UL39, UL40, 

UL42, UL48, UL49, UL52, UL53., UL54, ICPO., ICP4, ICP22, ICP27, ICP47, gamma-34.5, US3, 

US4, US5, US6, US7, US8, US9., USI, 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 is inserted into a locus between the UL3 and the UL4 open reading frames (e.g., 

FIG. 45 and FIG. 46).  

[001381 In some embodiments, the recombinant oncolytic virus comprises at least 

one polynucleotide encoding a protein that is a bispecific T-cell engager (BiTE), an anti

immunosuppressive protein, or an imrnmunogenic antigen. As used herein an "anti

immunosuppressive protein" is a protein that inhibits an immunosuppressive pathway. The 

invention encompasses an oncolytic virus expressing an anti-immunosuppressive protein that is 

an anti-regulatory T-cell (Treg) protein or an anti-myeloid-derived suppressor cell (MDSC) 

protein. In some embodiments, the anti-immunosuppressive protein is a VHH-derived blocker or 

a V-H-derived BiTE. As used herein, an "immunogenic antigen" refers to a protein that 

increases an inflammatory or immunogenic immune response. In particular embodiments, the 

anti-immunosuppressive and immunogenic antigens induce an anti-tumor immune response.  

Examples of such proteins include antibody or antigen binding fragments thereof that bind to and 

inhibit immune checkpoint receptors (e.g. CTLA4, LAG3, PD1, PDL1, and others), pro

inflammatory cytokines (e.g., IFN, IFNu, IFNf3, TNFu, IL-1 2, IL-2, IL-6, IL-8, GM-CSF, and 

others), or proteins that binding to and activate an activating receptor (e.., FcyRI, Fe yIa, 

FcyIIIa, costimulatory receptors, and others). In particular embodiments, the protein is selected 

from EpCAM, folate, IFNO3, anti-CTLA-4, anti-PD1, A2A, anti-FGF2, anti-FGFR/FGFR2b, anti

SEMA4D, CCL5, CD137, CD200, CD38, CD44, CSF-IR, CXCLIO, CXCL13, endothelin B 

Receptor, IL-12, IL-15, IL-2, IL-21, IL-35, ISRE7, LFA-1, NG2 (also known as SPEG4), 

SMLDs, STING, TGF3, and VCAM1.  
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[001391 In certain embodiments, a polynucleotide encoding a protein or an 

oligonucleotide targeted to reduce expression of an miRNA, a gene, or a TIMP is inserted into a 

locus on the viral genome of a recombinant oncolytic virus. In some embodiments, the 

polynucleotide is an insulated sequence comprising a synthetic insulator or a native viral (e.g., 

HSV) insulator. In certain embodiments, the oncolytic 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 

loci including the internal repeat joint region (comprising one copy each of the diploid genes 

ICPO, ICP34.5, LAT, ICP4, and the ICP47 promoter), ICPO, LAT, UJLI, UL5, UL6, UL7, UL8, 

UL9, U111, UI12, UL4, UL15, UL17, U18, UL19, UL20, UL22, UL25, UL26, UL26.5, 

U7L27, UL28, UL29, UL30, UL31, UL32, UL33, UIL34, UL35, UL36, UL37, UL38, UI39, 

UA0, UL42, UL48, UL49, UL52, UL53, UL54, ICPO, ICP4, ICP22, ICP27, ICP47, gamma

34.5, US3, US4, US5, US6, US7., US8, US9, US10, US 11, and US 12.. In one embodiment, the 

virus is a herpes simplex virus (HSV) and the at least one polynucleotide is inserted into a locus 

between the UL3 and the UL4 open reading frames (see, e.g.., FIG. 45 and FIG. 46).  

[001401 In some embodiments, the recombinant oncolytic virus comprises at least 

one protease-activated antibody. Protease-activated antibodies, such as those described by Metz 

et al. (Protein Eng Des Sel, 25(10):571-80, 2012) are activated and bind only to targets following 

protease cleavage of a protective cap. In some instances, tumor microenvironments possess an 

array of proteases that are well differentiated from surrounding healthy tissues. For example, the 

protease cathepsin B is overexpressed in numerous cancers, including breast, cervix, colon, 

colorectal, gastric, head and neck, liver, lung, melanoma, ovarian, pancreatic, prostate, and 

thyroid cancer. The human degradome, comprised of a complete list of proteases synthesized by 

human cells, is made up of at least 569 proteases that are distributed into five broad classes (in 

order from greatest to least number): metalloproteinases (MIMIPs), 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 VLMPs 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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[001411 In certain embodiments, the protease-activated antibody is incorporated 

into the viral glycoprotein envelope. Protease-activated antibodies can be incorporated into the 

glycoprotein envelope of a recombinant viral vector of the invention (e.g., an HSV vector) to 

increase the therapeutic index and reduce off-target infection. In the case of an HSV vector, in 

some embodiments, the glycoprotein may be gC or gD. 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 is activated by a 

protease selected from a cysteine cathepsin, an aspartic cathepsin, a kallikrein (hK), a serine 

protease, a caspase, a matrix metalloproteinase (MNIP), and a disintegrin and metalloproteinase 

(ADAM). In some embodiments, a protease is selected from cathepsin K, cathepsin B, cathepsin 

L, cathepsin E. cathepsin D, hK1, PSA (hK3), hKiO, hK15. uPA, uPAR, MMP-1, XAMP-2, 

MMP-3, MMP-7, MMP-8, MMP-9, MMP-10, MMP- 1, 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.  

[001421 In some embodiments, the protease-activated antibody binds a protein 

expressed more highly by cancer cells or in cancer microenvironments than by non-cancer cells 

or in non-cancer microenvironments. In certain aspects, a protease-activated antibody binds 

NKG2D, c-met, -IGFR, CD8, heparan sulfate, VSPG4 (also known as NG2), EGFR, EGFRvIII, 

CD133, CXCR4, carcinoembryonic antigen (CEA), CLC-3, annexin II, human transferring 

receptor, or EpCAM. In certain instances, multiple protease activated antibodies may be 

incorporated into a single viral vector particle to ensure that diverse tumor histotypes are 

targeted. For example, at least 1, 2, 3, 4, 6, 7, 8, 9, 10, or more protease activated antibodies may 

be incorporated into the viral glycoprotein envelope. In some embodiments, the recombinant 

oncolytic virus comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more polynucleotides that 

encodes for at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more protease activated antibodies. In some 

embodiments, an oncolytic virus comprises a first protease-activated antibody that binds a first 

protein expressed more highly by cancer cells or in cancer microenvironments than by non

cancer cells or in non-cancer microenvironments, and a second protease-activated antibody that 

binds a second protein expressed more highly by cancer cells or in cancer microenvironments 

than by non-cancer cells or in non-cancer microenvironments. In further embodiments, an 

oncolytic 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 antibody that is a full-length 

immunoglobulin, an scFv, a Fab, a Fab', an F(ab')2, an Fv, a diabody, a triabody, a minibody, 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 (miR) 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 oligonucleotides reduce the 

expression or inhibit the function of a miR, a gene, or a TITP at least one protease-activated 

antibody; and/or a polynucleotide encoding at least one protease activated antibody. 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 first polynucleotide encoding a protein or an 

oligonucleotide targeted to reduce expression of an oncogenic miRNA or an oncogenic gene; 

and/or a second polynucleotide encoding a protein or an oligonucleotide targeted to reduce 

expression of a microenvironment remodeling miRNA or a TIMP. In some embodiments, a 

recombinant oncolytic virus comprises: a plurality of copies of one or more tumor-suppressive 

miRNA target sequences inserted into a locus of a viral gene required for viral replication in non

cancerous cells; and/or a polynucleotide encoding a protein or an oligonucleotide targeted to 

reduce expression of an oncogenic miRNA or an oncogenic gene; and/or at least one protease

activated antibody. In further embodiments, a recombinant oncolytic virus comprises a plurality 

of copies of one or more tumor-suppressive miRNA target sequences inserted into a locus of a 

viral gene required for viral replication in non-cancerous cells; and/or a polyinucleotide encoding 

a protein or an oligonucleotide targeted to reduce expression of a microenvironment remodeling 

miRtNA 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 

miRtNA 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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polynucleotide encoding a protein or an oligonucleotide targeted to reduce expression of a 

microenvironnent remodeling miRNA or a TIMP; and/or at least one protease-activated 

antibody. In some specific embodiments, an oncolytic virus described in this paragraph is a 

herpes simplex virus and the viral gene required for viral replication in non-cancerous cells is 

ULI, UL5, UL6, UL7, UL8, UL9, UL11, UL12, UL14., UL15, UL17, UL18, UL19, UL20, 

UL22, UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, UL32, UL33, UL34, UL35, 

UL36, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL52, UL53, UL54, ICPO, ICP4, 

ICP22, ICP27, ICP47, gamma-34.5, US3, US4, US5, US6, US7, US8, US9, US10, US11, and 

US 12.  

[00144] In certain aspects, the invention relates to a recombinant oncolytic virus 

comprising a first polynucleotide encoding a protein or an oligonucleotide targeted to reduce 

expression of an oncogenic miRNA or an oncogenic gene; and a second polynucleotide encoding 

a protein or an oligonucleotide targeted to reduce expression of a microenvironment remodeling 

miRNA or a TIMP. In other embodiments, a recombinant oncolytic virus comprises a 

polynucleotide encoding a protein or an oligonucleotide targeted to reduce expression of an 

oncogenic miRNA or an oncogenic gene; and at least one protease-activated antibody. In some 

embodiments, a recombinant oncolytic virus comprises a polynucleotide encoding a protein or an 

oligonucleotide targeted to reduce expression of a microenvironment remodeling miRNA or a 

TIMP; and at least one protease-activated antibody. In one embodiment, a recombinant 

oncolytic virus comprises a first polynucleotide encoding a protein or an oligonucleotide targeted 

to reduce expression of an oncogenic miRNA or an oncogenic gene; and/or a second 

polynucleotide encoding a protein or an oligonucleotide targeted to reduce expression of a 

microenivironnent remodeling miRNA or a TIMP; and/or at least one protease-activated 

antibody.  

1001451 In certain embodiments, an oncolytic virus described herein is a 

herpesvirus (for example, herpes simplex virus (e.g., HSV-1 or HSV-2)), an adenovirus, a polio 

virus, a vaccinia virus, a measles virus, a vesicular stomatitis virus, an orthomyxovirus, a 

parvovirus, a maraba virus or a coxsackievirus. HSV-based vectors and methods for their 

construction are described in, for example, U.S. Pat. Nos. 7,078,029, 6,261,552, 5,998,174, 

5,879,934, 5,849,572, 5,849,571, 5,837,532, 5,804,413, and 5,658,724., and International Patent 

Applications WO 91/02788, WO 96/04394, WO 98/15637, and WO 99/06583, which are 
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incorporated herein by reference in their entireties. The sequence of HSV is published (NCBI 

Accession No. NC_001806; see also McGoech et al., J. Gen. Virol, 69 (PT 7), 1531-1574 

(1988)), which may facilitate designing I-ISV-based vectors of the invention.  

1001461 The invention also encompasses a nucleic acid molecule encoding an 

oncolytic virus described herein.  

Conipositions and Methods of lUse 

1001471 Certain aspects of the invention relate to stocks and compositions 

comprising the oncolytic viruses described herein. In some aspects, the invention relates to a 

viral stock comprising an oncolytic virus described herein. In some embodiments, a viral stock 

is 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.  

1001481 In particular embodiments, the titer of a viral stock (e.g., an HSV-based 

vector viral stock) contemplated herein is at least about 105 plaque-forming units (pfu), such as at 

least about 106 pfu or even more preferably at least about 107 pfu. In certain embodiments, the 

titer can be at least about 108 pfu, or at least about I09 pfu, and high titer stocks of at least about 

1010 pfu or at least about 1011 pfu are most preferred.  

[001491 The invention further contemplates a composition comprising an oncolytic 

virus or a nucleic acid molecule described herein and a pharmaceutically acceptable carrier. The 

phrase "pharmaceutically-acceptable" refers to molecular entities and compositions that do not 

produce an allergic or similar untoward reaction when administered to a subject (e.g., a human).  

The term "composition" as used herein refers to a formulation of one or more oncolytic virus or 

a nucleic acid molecules described herein that is capable of being administered or delivered to a 

subject and/or a cell. Typically, formulations include all physiologically acceptable compositions 

including derivatives and/or prodrugs, solvates, stereoisomers, racemates, or tautomers thereof 

with any physiologically acceptable carriers, diluents, and/or excipients. A "therapeutic 

composition" or "pharmaceutical composition" (used interchangeably herein) is a composition of 
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one or more agents capable of is capable of being administered or delivered to a patient and/or 

subject and/or cell for the treatment of a particular disease or disorder.  

[001501 The compositions disclosed herein may be formulated in a neutral or salt 

form. "Pharmaceutically acceptable salt" includes both acid and base addition salts.  

Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino 

groups of the protein) and which are formed with inorganic acids such as, for example, 

hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and 

organic acids such as, but not limited to, acetic acid, 2,2-dichloroacetic acid, adipic acid, alginic 

acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, 4-acetamidobenzoic acid., 

camphoric acid, camphor-10-sulfonic acid, caprice acid, caproic acid, caprylic acid, carbonic acid, 

cinnamic acid, 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 acid, 2

oxo-glutaric acid, glycerophosphoric acid, glycolic acid, hippuric acid, isobutyric acid, lactic 

acid, lactobionic acid, lauric acid, maleic acid, malic acid, malonic acid, mandelic acid, 

methanesulfonic acid, mucic acid, naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid, 

I -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 

acid, sebacic acid, stearic acid, succinic acid, tartaric acid, thiocyanic acid, ptoluenesulfonic acid, 

trifluoroacetic acid, undecylenic acid, and the like. Salts formed with the free carboxyl groups 

can also be derived from inorganic bases such as, for example, sodium, potassium, lithium, 

ammonium, calcium, magnesium, iron, zinc, copper, manganese, aluminum salts and the like.  

Salts derived from organic bases include, but are not limited to, salts of primary, secondary, and 

tertiary amines, substituted amines including naturally occurring substituted mines, cyclic 

amines and basic ion exchange resins, such as ammonia, isopropylamine, trimethylamine, 

diethylamine, triethylamine, tripropylamine, diethanolamine, ethanolamine, deanol, 2

dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine, histidine, 

caffeine, procaine, hydrabamine, choline, betaine, benethamine, benzathine, ethylenediamine, 

glucosamine, methylglucamine, theobromine, triethanolamine, tromethamine, purines, 

piperazine, piperidine, N-ethylpiperidine, polyamine resins and the like. Particularly preferred 

organic bases are isopropylamine, diethylamine, ethanolamine, trimethylamine, 

47



WO 2017/132552 PCT/US2017/015417 

dicyclohexylamine, choline and caffeine. Upon formulation, solutions will be administered in a 

manner compatible with the dosage formulation and in such amount as is therapeutically 

effective. The formulations are easily administered in a variety of dosage forms such as 

injectable solutions, drug-release capsules, and the like.  

[001511 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 is well known in the art. Except insofar as any 

conventional media or agent is incompatible with the active ingredient, its use in the therapeutic 

compositions is contemplated. Supplementary active ingredients can also be incorporated into 

the compositions.  

[001521 As used herein pharmaceuticallyy acceptable carrier" includes without 

limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent, preservative, 

dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent, suspending agent, 

stabilizer, isotonic agent, solvent, surfactant, dispersion media, coatings, antibacterial and 

antifungal agents, isotonic and absorption delaying agents, and the like that are physiologically 

compatible, including pharmaceutically acceptable cell culture media and/or emulsifier which 

has been approved by the United States Food and Drug Administration as being acceptable for 

use in humans and/or domestic animals. Exemplary pharmaceutically acceptable carriers 

include, but are not limited 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 

cellulose, ethyl cellulose and cellulose acetate; tragacanth; malt; gelatin; talc; cocoa butter, 

waxes, animal and vegetable fats, paraffins, silicones, bentonites, silicic acid, zinc oxide; oils, 

uch as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; 

glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene 

glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium 

hydroxide and aluminum hydroxide; alginic acid; pyrogen- free water; isotonic saline; Ringer's 

solution; ethyl alcohol; phosphate buffer solutions; and any other compatible substances 

employed in pharmaceutical formulations. Except insofar as any conventional media and/or 

agent is incompatible with the agents of the present disclosure, its use in therapeutic 
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compositions is contemplated. Supplementary active ingredients also can be incorporated into 

the compositions.  

[001531 Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate 

and magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening, 

flavoring and perfuming agents, preservatives and antioxidants can also be present in the 

compositions.  

[001541 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) oil-soluble antioxidants, such as ascorbyl palmitate, 

butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl gallate, 

alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric acid, 

ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.  

[001551 In one embodiment, a composition comprising a carrier is suitable for 

parenteral administration, e.g, intravascular (intravenous or intraarterial), intraperitoneal or 

intramuscular administration. Pharmaceutically acceptable carriers include sterile aqueous 

solutions or dispersions and sterile powders for the extemporaneous preparation of sterile 

injectable solutions or dispersion. The use of such media and agents for pharmaceutically active 

substances is well known in the art. Except insofar as any conventional media or agent is 

incompatible with a viral vector or nucleic acid molecule, use thereof in the pharmaceutical 

compositions of the invention is contemplated.  

1001561 The compositions of the invention may comprise one or more 

polypeptides, poly nucleotides, vectors comprising same, infected cells, etc., as described herein, 

formulated in pharmaceutically-acceptable or physiologically-acceptable solutions 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., cytokines, 

growth factors, hormones, small molecules or various pharmaceutically-active agents. There is 

virtually no limit to other components that may also be included in the compositions, provided 

that the additional agents do not adversely affect the ability of the composition to deliver the 

intended therapy.  
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[00157] In the pharmaceutical compositions of the invention, formulation of 

pharmaceutically-acceptable excipients and carrier solutions is 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 in 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 administration can, in any 

event, determine the appropriate dose for the individual subject. Moreover, for human 

administration, 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, intramuscular, 

intranasal, subcutaneous, percutaneous, intratracheal, intraperitoneal, intratumoral, perfusion, 

lavage, direct injection, and oral administration.  

[001581 In certain circumstances it will be desirable to deliver the compositions, 

recombinant viral vectors, and nucleic acid molecules disclosed herein parenterally, 

intravenously, intramuscularly, or even intraperitoneally as described, for example, in U.S.  

Patent No. 5,543,158; U.S. Patent No. 5,641,515 and U.S. Patent No. 5,399,363 (each 

specifically incorporated herein by reference in its entirety). Solutions of the active compounds 

as free base or pharmacologically acceptable salts may be prepared in water suitably mixed with 

a surfactant, such as hydroxypropylcellulose. Dispersions may also be prepared in glycerol, 

liquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of 

storage and use, these preparations contain a preservative to prevent the growth of 

microorganisms.  

1001591 The pharmaceutical forms suitable for injectable use include sterile 

aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of 

sterile injectable solutions or dispersions (U.S. Pat. No. 5,466,468, specifically incorporated 

herein by reference in its entirety). In all cases the form should be sterile and should be fluid to 

the extent that easy syringability exists. It should be stable under the conditions of manufacture 
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and storage and should be preserved against the contaminating action of microorganisms, such as 

bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example, 

water, ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the 

like), suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for 

example, by the use of a coating, such as lecithin, by the maintenance of the required particle 

size in the case of dispersion and by the use of surfactants. The prevention of the action of 

microorganisms can be facilitated by various antibacterial and antifungal agents, for example, 

parabenes, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be 

preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged 

absorption of the injectable 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 aqueous composition that contains a protein as an active ingredient is well understood in the 

art. Typically, such compositions are prepared as injectables, either as liquid solutions or 

suspensions; solid forms suitable for solution in, or suspension in, liquid prior to injection can 

also be prepared. The preparation can also be emulsified.  

[001601 For parenteral administration in an aqueous solution, for example, the 

solution should be suitably buffered if necessary and the liquid diluent first rendered isotonic 

with sufficient saline or glucose. These particular aqueous solutions are especially suitable for 

intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection, 

a sterile aqueous 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 I ml of isotonic NaCl 

solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of 

infusion (see, e.g., Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore, 

MD: Lippincott Williams & Wilkins, 2000). Some variation in dosage will necessarily occur 

depending on the condition of the subject being treated. The person responsible for 

administration will, in any event, determine the appropriate dose for the individual subject.  

Moreover, for human administration, preparations should meet sterility, pyrogenicity, and the 

general safety and purity standards as required by FDA Office of Biologics standards.  

1001611 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 

polynucleotides and peptide compositions directly to the lungs via nasal aerosol sprays has been 

described e.g, in U.S. Pat. No. 5,756,353 and U.S. Pat. No. 5,804,212 (each specifically 

incorporated herein by reference in its entirety). Likewise, the delivery of drugs using intranasal 

microparticle resins (Takenaga et aL, 1998) and lysophosphatidyl-glycerol compounds (U.S. 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 in the form of a 

polytetrafluoroetheylene support matrix is described in U.S. Pat. No. 5,780,045 (specifically 

incorporated herein by reference in its entirety).  

[001631 In certain embodiments, the delivery may occur by use of liposomes, 

nanocapsules, microparticles, microspheres, lipid particles, vesicles, optionally mixing with CPP 

polypeptides, and the like, for the introduction of the compositions of the present invention into 

suitable host cells. In particular, the compositions of the present invention may be formulated 

for delivery either encapsulated in a lipid particle, a liposome, a vesicle, a nanosphere, a 

nanoparticle or the like. The formulation and use of such delivery vehicles can be carried out 

using known and conventional techniques. The formulations and compositions of the invention 

may comprise one or more polypeptides, poly nucleotides, and small molecules, as described 

herein, formulated in pharmaceutically-acceptable or physiologically-acceptable solutions (e.g., 

culture medium) for administration to a cell or an animal, either alone, or in combination with 

one or more other modalities of therapy. It will also be understood that, if desired, the 

compositions of the invention may be administered in combination with other agents as well, 

such as, e.g., cells, other proteins or polypeptides or various pharmaceutically-active agents.  
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[001641 In a particular embodiment, a formulation or composition according to the 

present invention comprises a cell contacted with a combination of any number of 

polynucleotides or viral vectors, as contemplated herein.  

1001651 In certain aspects, the present invention provides formulations or 

compositions suitable for the delivery of viral vector systems.  

1001661 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 (i.e., lipid-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.  

[001671 Particular embodiments of the invention may comprise other formulations, 

such as those that are well known in the pharmaceutical art, and are described, for example, in 

Remington: The Science and Practice of Pharmacy, 20th Edition. Baltimore, MD: Lippincott 

Williams & Wilkins, 2000.  

[001681 In certain aspects, the present invention provides pharmaceutically 

acceptable compositions which comprise a therapeutically effective amount of one or more viral 

vectors or polyinucleotides, as described herein, formulated together with one or more 

pharmaceutically acceptable carriers (additives) and/or diluents (e.g., pharmaceutically 

acceptable cell culture medium). As used herein, a "therapeutically effective amount" refers to 

the amount of a composition or recombinant virus described herein required to achieve a desired 

physiologic and/or biological outcome. A "therapeutically effective amount" of a virus, a viral 

stock, or a composition may vary according to factors such as the disease state, age, sex, and 

weight of the individual, and the ability of the stem and progenitor cells to elicit a desired 

response in the individual. A therapeutically effective amount is also one in which any toxic or 

detrimental effects of the virus or transduced therapeutic cells are outweighed by the 

therapeutically beneficial effects. The term "therapeutically effective amount" includes an 

amount that is effective to "treat" a subject (e.g., a patient). The therapeutically effective amount 

may be quantified by the total number of plaque forming units (pfu) (e.g. at least le' to at least 

le , particularly about le to about le , more particularly about le to about le' pfu), or 

number of viral genomes (e.g. at least lei to at least le20, particularly about 1e4 to about le 5 , 
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more particularly about le6 to about Ie12 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.  

[001691 Some aspects of the invention encompass a method of killing a cancerous 

cell, comprising exposing the cancerous cell to an oncolytic virus described herein or 

compositions thereof under conditions sufficient for the oncolytic virus to infect and replicate 

within said 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 killed by this method is in vivo. In certain embodiments, a cancerous cell killed by this 

method is within a tumor.  

[001701 The invention 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 herein, 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) include 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.  

1001711 "Administration" refers herein to introducing an oncolytic virus, a viral 

stock, or a composition thereof into a subject or contacting an oncolytic virus, a viral stock, or a 

composition thereof with a cell and/or tissue. Administration can occur by injection, irrigation, 

inhalation, consumption, electro-osmosis, hemodialysis, iontophoresis, and other methods known 

in the art. The route of administration will vary, naturally, with the location and nature of the 

disease being treated, and may include, for example auricular, buccal, conjunctival, cutaneous, 

dental, endocervical, endosinusial, endotracheal, enteral, epidural, interstitial, intra-articular, 

intra-arterial, intra-abdominal, intraauricular, intrabiliary, intrabronchial, intrabursal, 

intracavernous, intracerebral, intracisternal, intracorneal, intracronal, intracoronary, intracranial, 

intradermal, intradiscal, intraductal, intraduodenal, intraduodenal, intradural, intraepicardial, 

intraepiderma1, intraesophageal, intragastric, intragingival, intrahepatic, intraileal, intralesional, 
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intralingual, intraluminal, intralymphatic, intramnammary, intranedulleray, intrameningeal, 

instramuscular, intranasal, intranodal, intraocular, intraomentum, intraovarian, intraperitoneal, 

intrapericardial, intrapleural, intraprostatic, intrapulmonary, intraruminal, intrasinal, intraspinal, 

intrasvnovial, intratendinous. intratesticular, intratracheal, intrathecal, intrathoracic, intratubular, 

intratumoral, intratympanic, intrauterine, intraperitoneal, intravascular, intraventricular, 

intravesical, intravestibular, intravenous, intravitreal, larangeal, nasal, nasogastric, oral, 

ophthalmic., oropharyngeal, parenteral, percutaneous, periarticular., peridural, perineural, 

periodontal, respiratory, retrotubular, rectal, spinal, subarachnoid, subconjunctival, 

subcutaneous, subdernal, subgingival, sublingual, submucosal, subretinal, topical, transdermal, 

transendocardial, transmucosal, transplacental, trantracheal, transtympanic, ureteral, urethral, 

and/or vaginal perfusion, lavage, direct injection, and oral administration.  

[001721 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 is any improvement or remediation of the disease 

or condition, or symptom of the disease or condition. The improvement is an observable or 

measurable improvement, 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 lessening 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.  

[001731 "Cancer" herein refers to or describes the physiological condition in 

mammals that is typically characterized by unregulated cell growth. Examples of cancer include 

but are not limited to carcinoma, lymphoma, blastoma, sarcoma (including liposarcoma, 

osteogenic sarcoma, angiosarcoma, endotheliosarcoma, leiomyosarcoma, chordoma, 

lymphangiosarcoma, lymphangioendotheliosarcoma, rhabdomyosarcoma, fibrosarcoma, 

myxosarcoma, chondrosarcoma), neuroendocrine 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 lung cancer, non-small cell 

lung cancer, adenocarcinoma of the lung and squamous carcinoma of the lung, small cell lung 

carcinoma, cancer of the peritoneum, hepatocellular cancer, gastric or stomach cancer including 

gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver 

cancer, bladder cancer, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer, 

endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate 

cancer, vulvar cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma., 

testicular cancer, esophageal cancer, tumors of the biliary tract, Ewing's tumor, basal cell 

carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary 

carcinoma, papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma., bronchogenic 

carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma, senmoma, 

embrvonal carcinoma, Wilns' tumor, testicular tumor, lung carcinoma, bladder carcinoma, 

epithelial carcinoma, glioma, astrocytoma, medulloblastoma, cramopharyngioma, ependymoma, 

pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma, meningi oma, melanoma, 

neuroblastoma, retinoblastoma, leukemia, lymphoma, multiple myeloma, Waldenstrom's 

macroglobulinemia, myelodysplastic disease, heavy chain disease, neuroendocrine tumors, 

Schwannoma, and other carcinomas, as well as head and neck cancer.  

[001741 In certain embodiments, an oncolytic virus (e.g., an I-ISV), a viral stock, or 

a composition as described herein are used to treat a cancer selected from lung cancer (e.g., small 

cell lung cancer or non-small cell lung cancer), breast cancer, ovarian cancer, cervical cancer, 

prostate cancer, testicular cancer, colorectal cancer, colon cancer, pancreatic cancer, liver cancer 

(e.g., hepatocellular carcinoma (1ICC)), 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 invention relates to an oncolytic viral vector as 

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

EXAMPLES 
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[001761 The following examples for the purpose of illustrating various 

embodiments of the invention and are not meant to limit the present invention in any fashion.  

The present examples, along with the methods described herein, are exemplary, and are not 

intended as limitations on the scope of the invention. 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.  

Example 1- miR Sequence Analysis of Normal and Malignant Cells 

[001771 Differential miR expression is a hallmark of many cancers (Lu et al, 

Nature, 2005). Experiments were performed to determine the miRs that were mostly highly 

differentially expressed in eight different cancer cells lines. Differential expression was 

determined by comparisons to non-cancerous control tissues. In total, 108 samples were 

sequenced. Sample details are provided in the following table.  

Cancer Type # of Cancer Cell Lines # of Control Tissue Samples 
Bladder 8 4 
Colon 8 3 
Breast 12 4 
Pancreatic 7 3 
Lung 8 5 
Head and Neck 6 6 
Schwannoma 7 4 
Glioblastoma 14 4* 
Additional Controls 
-Normal Liver 
Normal Bone M/arrow 

Same control samples used for both Schwannoma and glioblastoma analysis 

[001781 To facilitate the identification of appropriate miRNA target sequences 

suitable for HSV attenuation in select cell types, miRNA sequence profiling of cancer lines and 

non-cancer control tissue was performed. Sequencing libraries of dicer-processed RNAs were 

generated for cancer and non-cancer cells, including bladder, colon, breast, pancreas, lung, head 

and neck, schwannoma, glioblastoma., brain, liver, and bone marrow. These miRNA sequencing 

libraries 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 3eg reads/run 

(Illumina). FASTQ files from sequencing runs were analyzed using the miRNAs Analysis tool in 

Basespace (Illumina). Rankings were made by calculating the mean of normal, the mean of 

57



WO 2017/132552 PCT/US2017/015417 

cancer and sorting the ratio of nornal/cancer from high to low. Heat maps were generated with 

natural logarithmic values with zero and negative values converted to zero (scale: black is high, 

white is low expression). Normalized data across samples were expressed as normalized miRNA 

read counts in a given sample. Normalization is related to total number of reads in a given 

sample relative to other samples in the comparison.  

[00179] FIG. I exemplifies the miRNA expression profile heat map in non

cancerous and cancerous brain tissue of twenty-five miRNAs. Additional examples of miRNA 

expression profile heat maps are shown for non-cancerous and cancerous bladder (FIG. 2), breast 

(FIG. 3), colon (FIG. 4), brain (FIG. 5), head and neck (FIG. 6), lung (FIG. 7), pancreas (FIG. 8), 

and schwannoma (FIG. 9) tissue corresponding to twenty-five miRNAs in each example. FIG. 10 

shows that rniR-451a levels are down regulated in all tumor types compared to non-cancerous 

tissue, representing a pan-tumor suppressor miRNA. FIG. 11 shows that minR-1 is down

regulated in 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 rniR-559 is down-regulated in 

all tumor types tested, present generally at low levels in non-cancerous tissue, and present at high 

levels in non-cancerous lung tissue. FIG. 13 shows that miR-145-5p is down-regulated in all 

tumor types tested and present generally at high levels in the majority of non-cancerous tissue 

types tested. FIG. 14 shows that miR-143-3p is down-regulated in colon, lung, and pancreatic 

tumors, and is present at high levels in all normal tissue types and some breast tumor lines.  

miRNA data analysis revealed at least eleven miRNAs that represent novel and unexpected 

miRNA expression profiles. not previously identified in the literature.  

[001801 Many of these identified miRNAs are pan- or multi-tumor specific. For 

example, expression of miR-451a, miR-559, miR-1, miR- 14 5 -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 in all cancer types, thus representing a pan-specific tumor

suppressive miRNA. The expression of miR-559 was lower in normal tissue types, except for 

normal lung tissue, and expression of miR-1 and mir-145-3p in normal tissue was variable.  

Despite the variability in the magnitude of differences and absolute expression levels, mean 

expression of each miR in cancer cells lines was substantially lower compared to levels in the 
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corresponding normal tissues. These miRNAs are candidates for generating pan-tumor HSV 

virions that are capable of broadly treating a variety of cancer types.  

[001811 Although the mean expression for miR-451a, miR-559, miR-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 in 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 samples had a normalized read count of > 1000 counts, 2 of 

which were > 40,000 counts.  

[001821 These data indicate the potential to generate a single miR-attenuated 

oncolytic virus capable of targeting a broad array of tumor types. For example, a construct 

comprising target sequences for miR-124, miR-451a, miR-559, miRl, and miR-145-3p may be 

used in the treatment of all the tumor types tested (e.g., bladder., colon, breast, pancreatic, lung, 

head and neck, Schwannoma, and glioblastoma). The variability in expression levels of miRs in 

different cancer types indicates the potential need to stratify patients by miR expression or 

through the use of an additional biomarker.  

Example 2- Construction and use of a reporter system to rapidly assay' miRNA-based gene 
attenuation 

[001831 A reporter system was developed to assess miRNA-based gene attenuation 

using virtually any miRNA target sequence and cognate miRNA. In this system (shown in FIG.  

15), the target sequence recognized by miRNAs (i.e hsa-miR-122) was inserted 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. All 

expression vectors were cloned into a tet repressible vector pcDNA5 Frt/To that also expresses 

mCherry (pTFOO2). 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. I +, generating vector pTF004. Attenuation vectors contain four tandem 

repeats of the reverse complement of the miRNA sequence of interest separated by 8-16 

nucleotides. Plasmids were constructed by insertion of synthetically generated oligonucleotides 
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into the 3 UTR of the dsGFP gene of pTF004 using standard molecular biology techniques. On 

day one, HEK293TetR cells were transfected with the miRNA attenuation and reporter 

expression plasmids (0.15 gg each, for a total of 0.3 gg of CMV 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 

incubation, GFP and mCherry fluorescence signals were detected daily using a SpectraMax@ i3x 

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 5-6ms, GFP (541nm channel) exposure lOins, and mCherry (713nm channel) 200

1500ms.  

[001841 FIG. 16 exemplifies miR-122 mediated attenuation of GFP expression 

upon induction of minR-122 expression via tet at 24 hours. The control constructs miR-184, miR

34a, and Let7a do not attenuate GFP levels, nor is GFP attenuation observed in the absence of 

tet. FIG. 17 shows miR-122, miR-184, miR-34a, and Let7a expression and GFP attenuation 

using each miR target sequence individually and in cassette combinations of miR-122/Let7a, 

rniR-122/Let7a/miR-34a, or miR-122/Let7a/miR-l84. Decreased GFP is 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 miR-1 22, miR-1 84, miR-34a, and Let7a expression and 

mCherry expression.  

[001851 FIG. 19 shows miR-122, miR-124, miR-145, miR-199, and miR-451 

expression and GFP attenuation using each target sequence individually (circled wells). FIG. 20 

serves as a non-attenuated control for the above example and shows miR-122, miR-124, miR

145, miR-199, and miR-451 expression and mCherry expression using each target sequence 

individually. FIG. 21 shows that miR-1 22 and miR-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 miR- 184 attenuate GFP fluorescence at 72 hours post transfection when 

the cognate miR-34a or miR-184 target sequences are present. FIG. 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 miR-184 target 

sequences are present. FIG. 25 shows that miR-145 and niR-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 attenuate GFP3 fluorescence 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 miR-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 miR-127 or miR-451 target 

sequences are present. FIG. 30 shows that rmiR-133 and rmiR-451 attenuate GFP fluorescence at 

72 hours post transfection when the cognate miR-133 or miR-451 target sequences are present.  

FIG. 31 shows that miR-223 and miR-451 attenuate GFP fluorescence at 72 hours post 

transfection when the cognate rmiR-223 or miR-451 target sequences are present.  

[001861 As such, these data indicate that miR expression can result in the specific 

attenuation of genes expressing the cognate miR_ target sequence.  

Example 3- Generation of miRNA-attenuated HSV 

[001871 Following reporter gene-based validation of miRNA 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 strain of HSV-1 on a bacterial artificial chromosome (BAC) as described (Mazzacurati 

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 remaining copies of 

the 4 deleted genes, provides abundant space for the potential incorporation of transgenes that 

enhance the oncolytic activity of the virus, and increases tumor specificity by reducing 

expression of the neurovirulence factor 1CP34.5; elimination of ICP47 expression benefits 

immune recognition of infected cancer cells by virus-specific T cells. KGBAC also contains the 

GFP open reading frame (ORF) fused to the glycoprotein C (gC) ORF via a 2A peptide sequence 

to allow monitoring of late (post-replication) viral gene expression. Lastly, KGBAC contains a 

pair of mutations in the gB gene shown to enhance I-ISV entry through non-canonical receptors.  

The miRNA target sequence cassettes were recombined into the 3' UTR of the ICP4 and/or 
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ICP27 genes of 2A5B-MMP9 to generate ONCR-003, ONCR-010, ONCR-011, ONCR-012, 

ONCR-013, ONCR-014, ONCR-015, ONCR-016, ONCR-017, ONCR-018, ONCR-019, ONCR

020, ONCR-021, and ONCR-022 'as shown in FIG. 32. All BAC constructs were converted to 

virus particles with simultaneous removal of the BAC sequences located between loxP sites by 

transfection of Vero-Cre cells. Following plaque purification, virus stocks were prepared and 

titered on Vero cells.  

Example 4- Viral infectivity assay using miRNA-attenuated HSV 

[001881 To assay for viral infectivity 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 

(moi) of 0.01. On days two through five, viral infectivity was assayed by GFP detection using a 

SpectraMax@ i3x 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 ins, GFP (541 nrm channel) exposure I Oms, and mCherry (7 13 

nm channel) 200-1500 ms was used to evaluated any potential nonspecific autofluorescence 

signal.  

[001891 ONCR-011 replication was significantly attenuated in post-mitotic lung 

tissue due to the presence of the miR-125 cassette in the ICP27 gene and high levels of miR

125a (>3000 counts) in these cells, as shown in FIG. 33 (read out by GFP positive cell 

quantitation) and FIG. 34 (read out by quantitative PCR). Although ONCR-01 1 and the control 

virus, ONCR-003, contain nuR-124 target sequences in the ICP4 gene, miR-124 is present at low 

levels (<100 counts) which were insufficient to attenuate viral replication. Both ONCR-011 and 

ONCR-003 replicated freely in head and neck cancer cells (A253) because these cells contain 

low levels of both miR-125a and miR-124 (<100 counts). ONCR-013 replication was 

significantly attenuated in HCC1395 cells, but not in A253 cells as shown in FIG. 35 (read out 

by GFP positive cell quantitation) 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 5- Treatment of a patient suffering from pancreatic cancer, lung cancer, or colon 

cancer 

[001901 A patient suffering from pancreatic cancer, lung cancer, or colon cancer is 

treated using the compositions and methods disclosed herein. HSV-based viral stocks may be 

generated that are attenuated by incorporating one or more miRNA target sequences into UL19, 

ICP4, ICP27 (or other viral genes) as shown in FIGs. 39-44. In some cases, genome-editing 

capabilities for tumor destruction and/or microenvironment remodeling are engineered into the 

virus in addition to miRNA target sequences, as shown in FIGs. 45-46. In a specific example, an 

HSV-based stock containing miR-124, miR-451a, miR-143-3p, and miR-559 attenuation 

cassettes incorporated into ICP4 and ICP27 is generated according to the methods described in 

Example 3. The miRNA target sequence cassettes are introduced into the 3 UTR of the ICP4 

(miR-124) and ICP27 (miR-451a, miR-143-3p, miR-559) genes as shown in FIG. 47. BAC 

constructs are converted to virus particles with simultaneous removal of the BAC sequences 

located between loxP sites by transfection of Vero-Cre cells. Following plaque purification, virus 

stocks are further purified, buffer exchanged, and titered on Vero cells. For in vivo 

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 

is monitored for tumor regression using standard of care procedures at an appropriate time 

interval based on that patient's particular prognosis.  

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

cancer. or head and neck cancer 

1001911 A patient suffering from brain cancer, bladder cancer, breast cancer, or 

head and neck cancer is 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 miRNA target 

sequence cassettes are introduced into the 3' UTR of the ICP4 (miR-124) and ICP27 (miR-45 Ia, 

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 plaque purification, virus stocks are further purified, 

buffer exchanged, and titered on Vero cells. For in vivo administration to a patient suffering from 

brain cancer, bladder cancer, breast cancer, or head and neck cancer, HSV particles are prepared 

in phosphate buffered solution (PBS) along with pharmaceutically acceptable stabilizing agents.  

On the day of treatment, 109 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 a patient suffering from schwannoma 

[001921 A patient suffering from schwannoma is treated using the compositions 

and methods disclosed herein. An HSV-based viral stock is generated containing miR-124-3p, 

miR-205-5p, miR-141-5p, and miR-31-5p attenuation cassettes according to the methods 

described in Example 3. The miRNA target sequence cassettes were recombined into the 3 UTR 

of the ICP4 (miR-124) and ICP27 (miR-205-5p, miR-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 solution (PBS) along with pharmaceutically acceptable stabilizing agents.  

On the day of treatment, 109 vector genomes in a volume of 1.0 ml- pharmaceutical 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.  

1001931 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 invention described herein may be employed in 

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

be covered thereby.  
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le 1. Summary of relationships between 12 select oncomiRs (9 tumor suppressors and 3 oncogenic miRNAs) versus cancers.  
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Ic 2. List of examples of oncomiR-cancer relationships.  
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le 4. List or examples of oncogenic miRNA relation3ships to cancer.  
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:91>:> ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ A-- :t21rai: en ' S99 9larna m cnieaecaa up 11MiceaRNIA-2 funicaioacs as i !~c nanc c :5twuncnrcnca'.4n 
Cnah1 'anaarCancer an eneegeare :n huan :::>>annS aa 
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* "mnlnea~~aaaaa~by t4Spea~nag neaasna and pacor pargnasisaar'raPf7'aadna 

cancr .CC nagcr'.  

lacn~aere~rpreaa'a cancer 'aaa'a<'RNA-223 proamaoten , n}.Scnanaaaraa 

'ntateaar RA.SAi In mhunarn.~ada''ea 
* cnl'reai cancer. &Ceci A cada' n 

Cal p sans'' se' a). .nA.,Snl~l'a r > escqaiageal ala MicrRNIA 223 is Ulp al'i cp iarnPnl 9 is 
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le 5. Summary of microRNA/MMP? linked interactions in cancer.  

...: ffi-.: ......... ..........:&a..... ...... . ..m.. g..@.. .. m... M 
Ict- 7 MevI tlanoma cell Proliferation and migration 
lot,-7 slta' I ,, ,tRKIV2 activation Pancraic ducta NA ERKI/2 activation. ]'GF-13I 

I l'o'al 'adlasionkmase (FAK), a (3laas onu migration and invasion AKT and FF14 
*AKT EI' li kWItsP-2 and li5I

roiR-O~ ~~ ~~~ tolh fsl 9sdV(A iveranlanaon-----------tao a nd inion -N-nHB s;Inalin 

aoR- Otvl'P 14 Neuaohiasint Invaosion, mlasasas. and 

M 'bI~ 'aIM" 9.F "adlteria and vianenn aw~p-saa'y g.a arsnp~a Pta-aC-ratian-. aagraa'i. 
___________ ____________________ cells nvso 

roix-l10b AMP I- 14 ll Cant, uP)RG..mell invyiveaaQ 
itoi-19s M~IIP, bCFR.(-lia-las-aaaa mn aC-e Appa-om inasion and EC-FR patltoys 

InSF- lIbt- IUT- C-lana Cet inasivepa rta MK-ERK patlos as 
nsiit-l

t  
']ataeilla cao1 "o Mgation and imp s-o uP-AKT 

nviit-21 REC1K, tlMP-9 Prostte cance Ne 
rnix-2i lsl1- NIMIP 2, NTAPtl-9 fleaoceli ay 'cacnona talgration and invasion

aojjd-'a -- P.--. Pt/alf-2 (d lana, Apopais, nmigratian, and 
___________________ ivasaveness 

miRt-21 1 IMPlT2 EG-FR C-haiaamn raa~afoine ApataOsis insasior and EC-R paths 
______________________ ralion, 

aiR -26P MO 1- "ng Cance . gratiorn, invasion and AKT phosphorvlation 
ni-tastasas 

inik-?9b Ata'W2 (alan cancer Miration
noi-2b lI' ve-pato eilar ca-arona F an angiangenras, iasson, VESGFR-2-signAlig 

sad aretastasas 
aiR -291) Ws-I--- Is, N .1 1 CO IA 1, anti ro manie can-o inasion and neetastasis

inik-9c FoIO- . ' Neve slstlt ama-m C-Itin-vasion and irto 
noiR-30d 1SOt SI Pbtapia-STI. f III% ' ast. acer.- Praiferati and invasion STATsign- in 

* and NOIl
T

A 9 
mill-Si ;4 Fra-1 p

5
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mi-ll -Ilancer of zesse lionolog 2 1 Lu anr Cell anvasaveatoss 

/012, CDl1 I and NMP-2 
noiR- 1061) ' NINolT 2 ' PC-east -a-acer Migration and invasion ERK signaling cnscnde 
ndit-125b ' tE-2 

5
an tdtMP-9 a liaoblas tom Inv asion 

viil-13 3 II 14 Luutinsc Cell proliferation, nagratiou and 
ins asaont 

ToiR-lIS , -honC, Pt/LadS-2 and Mtat31ff-9 (liaacnonta Prtifesni n atin and P-I9RK signalin 
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roxil Ats I I NIP 1 and -9 Gastri came. Invasiont, mtsastasis. and

nsiR-i14 6 MKIP -1. u- and OPAP pr'; aterigrptsou, in, asionand 
metastasis 
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nailS-203 'tdbi aoI Rob o I Ch~ obl ,ss'tsna Proilfesos n, iigratoun, and FRilLphosahoeclttin 
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jm-2(!6 M11'W. aid ,11a'-9 ' ireast canctr ]rvsiorn an, nigeats's 
nsiR-2 ii 1sV 9 C-Io 'ia~tosa psaltiformte Cell no asion aid nowaaecio 
nsii-218 ' jLEl 1,~ NMP2, -7 and -9 ' Clast-p raltfoee Invason 

nviii-2l NM -9 , . a is ['el; bovassvness ]KK-FNF-KBl pattway 
nai7 -214 ,I - 1 vita ta lg.etinr.g HORDi , It nan tpatocelialar M..gigorn nd invoasion
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assd a[Vansson 
sei7-439 ' 1K, N5IMP ' asid 1sIMsP-o Bladder caocer Proiifeltsion, osigmniaaid 

mik-d ~ ~ Ak, Cvs l ,,0199- MKW-9 Ulitollasatm Peots mmio, invasionad [-'ACsinlg 
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nsiii49 I NI 9 ' I--so 'el can-aecina Ihlgratioss 
siii-d9 I-5pa m191 9 .c Ooblst m rounafoente Inv-asion
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le 6. Target proteases and cancers associated Witb their overexpression.  
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le 7. List of selected oncogenes associated with human malignancy 

Member of the tyoslne kmase faily.  
2Imp oat f or osyps assembly sa 

L AG) o 1q22 acute myelioid etukemia remtodling 

lPX) 24-9id 25 breasst cancer Blast crisis ontcogene 
angioimmnoblasC ti ympbadenopathy with 

Codes for prin tt cointrols 
cytoskeletal orgsanation'g 
reeglain o f soalti1 "T-inding 

[G F _HM 73 35 Breast cancer__ __ __ __ _ __ __ __ _ _ 1prteg 
ATF1/EWS fusion pene associated with malignant 
melanoma of soft parts (MM1SP) ATF1/FU S with Codes for cMP-idependent 

.19q13.1-q13. Chric moyeiogenouslettkemia transformingne to acute it'ekma 
Mlediator of apoptosis. Tiansiocatio is 

218q21. Bukt lypoa, follicular iyimphomta marker of poorer theapeutic resaonse 
Hiy cwelI 1eukemia Maigeset merlaoma, thyroid 
pailary canr, eihyrota anapoasi carcinota, bowel 

.(BRA F, cancer, adencarcinoma of 'sung,~ no-ogkins 
B1) 7934 'ympomi a see oroto-encoenies 

Hreditary breast-o'vatian caner syndroome. Foioilial 
Breast cacer, Papil'ary serous carcinomoa of the 

A ll 172 perioe (PSCP), Prostate caner see RCAl1.  
FamiliaaiBreast cancer, protate canc er, pancreatic 

A2t(FANCD) 1q12. caocrr see BRCA2 
BRCAl interacting proteint C-*erminta' 

helicase 1 which is imot'at to normal 
17q2.2 Oarisn sacr, ''rast cancer tdobte-strand break eopai 

(CBL2) 11q23 3____________________ see proto-oncogenes 
Codes foc colony-stniuatin? factor-1 

B (CSF-1, Type M4 .con moyeloblastic leukemia and chronc recptor, otherwise know. as 
MsCSF)____ aq332-93_ melomoncyhe ekemis__________ acco hage olonygimul~ag fictsor_ 

C"des forcdath-ssociated prtein 
kitase a pesttiv e "ediators of 

appoicondced by gaitma
K1 NDAPK) 9q34. Bladder cancer Tinfeon 

CdsI fr DNA bi'ndin protein 
ivolv "A ic mascriptional 'egulation 
ad signaitansdoction as acomeponent 

DEK/NUIP2i4(DEK/CAN) fusion goone assocated of the sp'lin complex th at rema'ins 
(D6523 iF) 6p23 withacote osyeleid intukemia asoc'ated 'with splicedens 
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(odes for tnrnber of noel i 
activaed proxin (IMAP, kwse ftiny i P6 so a ey role its ellulr signal 

?,YT) 12q2'- -q Non-soall cell Lng cancer, pancreatic cancer useductiop 

31N121 see eroto-ousegenes 

rlernd EPBB3 roRN'k Ils i t 
63 tl3ER3) 12q 13Non-stil cel lung cancer beai Cancel 

se aroto-Oncogenes 

-,ote lotd la-kemia -- odes for a trarscriaou factrr 
mEiXX Ctn trEwing sarcotoa, esttesioreuroblwstotoa 

E6WS'. EV fusion gene in Evving' sprorn 
I V'/ZNE21 8it, small round sell sarcoma 

fWSII 1i P Fwtn sarcomsa , WS/ATb It, 
Rl ESES, 1 talitgnant ineIloma cf soft ,,!1\iil4 SP - See 

2_______ 2q12 in destnoplastic smtall round sell tror E"wing s rna treakpot I gene 
F! sell lyimphomna, acare promyclocyui eukentia, 
bladder occinoma, ILteg cancer, brass. cancer, colotn 
c ancer. nearoblasotna. gte-B lyreelocor nQ eoplasos Codes for a tvrosinte -specsfws pltetr 
olastoasyrIonia, Wtahiple it)yelonra, T cel1 lyrnolota, esinase wdtriaarole t regkiu 

FPS J~2 sarcoma trntoooe response 
± y-A ftbroblast gorthfactor Imortat t 

F l,3Stermch cancer, kaposi salcotaa int, dosoloporn.  

11 s__________ e. proto.-U
0

ee 
fGFfRl/FoiTRI 0P2 fuston gene in, non-Hodgkin 

N0
P 7] Renal cancer, botwel cancer see .1FN 

-. 1________ l
4

q24.3___________________________ see proso-enseeenes 

p I see toinc sopresors 

(],S lI6p 11 1see proto-ouceoeneo.  

Codes for a Ketppel iKr) mc toge 
i2q1 I ql33 Gierna, rekineid liirrsarcoroia, solivary gland tror uroei' 

Codes for a uppel rN 7;.rt finger 
2ql Glima pltern 

Nq icrtocell cancer, ;lcpas'ocelal~ar cancer se Gl'C 
2 ,ERBE2, 

I , NEC) 7q- 
t 

. I I Btrest cancer lung cancer see H11K
5  

oargeted by 3 asoyza tab.  
C od-s for lepatoct '- a " th factor 
i oeatopotetal A. scattrfac

t
r Nybtt 

(SF) ;q2L Prostate cancer, renal cancer to aoreoare to teary maltirnarcis 
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Fto- slmploma '-cell l kemia, u lutompae fco esst for ly e ipec o 

Tasner Ha tyrosic tyrase k 
lcepor r stem ealtfacor car-i5 is C-,sumw otal stronal euroor (CIS s), moast cell reqainod foe lcwmatupo 

Sleukemia a, aosis, serinonma and neinogersr s and greonesr.in 
_______________ dysgerfnmnona Mutatis cause priebaidism 

S)13OASK2) l2pI see proto-ontcogefes 
iNon-small cell iong cancer, Nearobiasronra, non- codes for lymrphocyte specufic n 

l a .-:;. Hodgkin lvolorma. tyrosine kirase 

2ql4 q2i Idepatoceilala' carcinomna 
3K8(-FPLI, Fsvioeos sarcona, adieirocarcinooraE of lung, fivyoid Codes for a serne-threomie r o tem 
EST) 10p11 2 carcinoma kinase.  

Codes for a GDb-GT age factor 
thas modolates the activity of smal 

2 (DBL) Xq27 Breast cancer GTPases of she Rho faily 
M!iDM12 acts as a major regultor of uhe 
stmor suppressor p53 by oargetig its 
destsction. Direct association of p53 
with the protein OM2 results in 
abiquitination and subsequent 

12 12 14 3-g5 Multiple degradation of-p33 
(HGFR 

P7 see proto-oncogenes 

type genes see proto-oncogenes 

Non small cell lung cancer, hepatocellalar carcinoma, Codes for monocyte to macrophage 
17q 1coroni cancer iffereniaion associated Protein 

Function in man unknown. Above 
associations indirect but an;ogoas 
geine to Moloney urine sarcoma 

i iMSV) 8qlal Burkitt lymphosma, asute myelobiastic leukemia virus.  
Codes for a RAS GTP-binding protein 
membndrae-anchored. antraceloular 

S (RRAS3) -q22 3 Activated in many tumors signal transducer 

<vpe genes see peoto-ontcogenes 
Encodes for proteins critical to 

Aterations found in more than a lurd of human solid hematopoiretic cell prolferation and 
41dM)V tu mo~r lises d evelopmen 

iBurki lymphoma Over expression in many 
maligauncies, Possibly associated with angiogenic, A transcription factor that promotes 

802a 12q2 13 / g n-vasi"' promootinroprtessinsecss, el heeto 
Small cell lung cancer, adenocarcinoma of lung, 

Lb LMYCt 14 neurlastoma 
Overlaps with NMsIYC and is 

N 2p24.1 Neuroblastomas transcribed from opposite DNA strand 
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A4 [E, interactss wat weii andrp, re ceptor it 
70, lTC3) tOq] 1. Prostate cancer presn ora alho es stereo 

type genes see tupor suppressors 

Oertlaps with NYCN aris 
trsibed from opposite DNA strand.  

C 2p2
4  

Neurobastomas retinoblastoma Probabiy a DNIA-binding protein.  

S 1p13.2 see proto-oncogenes.  
K (TPX, 
As) 1q21 422 See prata-orcanenies.  

NUP214,DEK faiosn gene associated witn acute 
214 (CAN, myeloid leukemia, NUP2I4/ABLI associated with T- Codes for nucleoporin componern of 
ICE)_ _ _ cell ale ltymphoblastic leptkerga_ _ (|AIL).e ' nra s iaere ompl 

Abrounat in about 40% o aai 
9)24 Ovarian adenocarcinoa_ _ ad__oca__ - r onna 

(P53) 17p13.1 see tumor suppressors 

B2 16p12 Breast cancer see PALB2 
Transcriptions factor, causes some 

3 (11P2) forms of Waardenburg syn drome and 
T1 23Alveolarrhabdaonyosarcoma reeulates RET.  

- ---- see proet-attoge1 e 

genes see proto-oncogenes 

.(MYSL) go q22 see tunour suppressors 

Codes for a serine/tbreonine protein 
phosphatase that atteuaats apoptosis 
awl facilitates oansformation of 

1D WVIP) l7q22 -q23 Breast caner, Osteosarcotna pinary cells in cooperation wit RAS 

2 (fntlIA.Cl... .. 10 iq2 3 1- - - - - - - - - - see tainer suopeessoes 

,89'24 Buorkitt lyvmhoma 
A regulator of endothltial cell survival 
during angiogenesis. Activated RAF 
coanteracts apoptosis by suppressing 

Stomach cancer, renal cancer, glioblastoma, laryngeal the activation of marunaliar serile 20
(CRAF) 3p25 carer bite kinase (MST2).  

Reinabasatma, osteogeic sarcoma, simali cell 
(R) l~tqi [-qiA 2 carcinoa of aflir, bladder cancr see RBI 

Multiple endocrine neoplasia type 2a and 2b and 
1041 1.2 Mnedulary thyroid carcinaona see RET 

Single point station activates its 
S2 (TC21) Ipt er-p15,5 Teratocarcinona, ovarian cancer oncogene potential 
1 (RoS. ROS1/IG nfision protein is a tyrosine 
3) 6a22 Glioblastoia and probabl others kinase found itn astrocytoma 
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lPlZFll (SN33F5.  

Codes for a Ill-I domeinH, 
a11liquitn li'Nis' Ifs iegulates torpor 

CM n i'auel and ulrIty thrugh 
Ell 7q21. 1 -q, 1.1 Panlcreatic can-cer le'ralanon of~l'oA 

lntnaceillar commuanicatiorealao I 
prot Mutationt are C 'cwnrf,d 

Ite-atic met stati boael career, colon cancer, tranllrnang, tiorica' an 
ASS, 20q1-l 13 i letikemia m'ssp'rt~ 

S ,Non-surall cell lun cancer see 1AI 
Codes signal priteri t 'i-i' indcesI 
transformation tiraugl P Combined 
ilabton 4pa a ad cell cycle 

.. .. ---- ---- E p ith elial cance rs -- - - - -- - - - - -- - - - - -- - - - - -- - - - - - - -- - - - - -- - - - - -- - - -
Codes signal protein tat rod-a-s cell i 

rnlabitic l 0apap"sas and cC 
T5 iiqlI, 1 Peraniss;ie fan a Iviri d e of iaalignancies actiratiau 

Probab' v Ide orrgaling~ protein 
311:R233-t12lp teratcarnna foi eaesdoi de' y1 c~ 

BR2 1)2 seo s 
A (ERBA.  

etc) see aroto snaogrtes 

tTll]-i3) 3q] j-1 Papillary thyroid carcinoma ptr onniogene 
( T.- IM2S.Fasian genes associated Nviff papilili'yri Codes for tralscintaora mteinmelar 

A) 7q32-qSA carcinoima and my~ leostroliferative riisanlen facto r 

IN l)M) 9q33 Nerrrofrbrarasis type 3, Pancreatic cancer WeTN 

to" 1 q22 see po 0togle 

C3 p22 see uamar suppressors 
Codes for a abiqoitiusp cific prytoso a 

2)....... .7p _3.......... a.. ititpl c nc ls----an---------------------n---- f u nitk in prm aer . .......a..e 

-- 2ql2-qI see proaon-~S 
A zinc fire lINA-binding "rat-n 

Wilims tarnoun, aver expressed inl breast and lang, acting as a na'rnspona activat or 
cancer, rnvelodvsplasric syndrome and acute ntvelaid repressor depending orn intracllarr 

iIji 1 lekeinia corntese 

______________see larner supres~sors 
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8. Tumor suppresor miRs that are downreigulatcd in specific cancer types 
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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 I or 2, wherein the virus is a herpes simplex virus and 

wherein the one or more viral genes required for viral replication is selected from the group 

consisting of UL1, UL5, UL6, UL7, UL8, UL9, UL 11, U,12, UL14, UL1 5, UL17, UL UL19, 

UL20, UL22., UL25, UL26, UL26.5, UL27, UL28, UL29, UL30, UL31, U132, UL33, UL34, 

UL35, U136, UL37, UL38, UL39, UL40, UL42, UL48, UL49, UL52, UL53, UL54, ICPO, ICP4, 

ICP22, ICP27, ICP47, gamma-34.5, US3, US4, US5, US6, US7. US8, US9, US10, US 11, and 

US12.  

4. The oncolytic virus of any of claims 1-3, wherein the tumor-suppressive miR 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 is incorporated into the 5' untranslated region (UTR) or 3' 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.  

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 is 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 miR in 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 first cell.  

12. The oncolytic virus of claim 6, wherein the second cell is a cancerous cell.  

13. The oncolytic virus of any of claims 1-12, comprising tumor-suppressive miR target 

sequences for miR-124, miR-451a, miR-143-3p, and miR-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 

cancer.  
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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, miR-1-3p, miR-127-3p, miR-379

5p, miR-493-5p, miR-223-5p, miR-223-5p, miR-136-5p, miR-451a, miR-487b-3p, miR-370-3p, 

miR-410-3p, miR-431-3p, miR-4485-3p, rmiR-4485-5p., miR-127-5p, miR-409-3p, miR-338-3p, 

miR-559, rniR-411-5p, miR-133a-5p, miR-143-3p, miR-376b-3p, miR-758-3p, miR-1, miR-1 01, 

miR-1 180, miR-1236, miR-124-3p, rniR-125b, miR-126, miR-1280, miR-133a, miRA133b, miR

141, miR-143, miR-144, miR-145, miR-155, rmiR-16, miR-18a, miR-192, miR-195, miR-200a, 

miR-200b, miR-200c, miR-203, miR-205, miR-214, miR-218, miR-23b, rniR-26a, miR-29c, 

miR-320c, miR-34a, miR-370, miR-409-3p, miR-429, miR-451b, miR-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-448, miR-138-2-3p, miR-490-5p, miR-129-1-3p, miR-1264, miR-3943, miR-490-3p, miR

383-5p, miR-133b, miR-129-2-3p, miR-128-2-5p, miR-133a-3p, miR-129-5p, miR-1-3p, miR

885-3p, miR-124-5p, miR-759, miR-7158-3p, miR-770-5p, miR-135a-5p, miR-885-5p, let-7g

5p, miR-100, miR-101, miR-106a, miR-124, miR-124a, miR-125a, miR-125a-5p, miR-125b, 

miR-127-3p, miR-128, miR-129, miR-136, miR-137, miR-139-5p, miR-142-3p, miR-143, miR

145, miR-146b-5p, miR-149, miR-152, miR-153, miR-195, miR-21, miR-212-3p, miR-219-5p, 

miR-222, miR-29b, miR-31, miR-3189-3p, miR-320, miR-320a, miR-326, miR-330, miR331

3p, miR-340, miR-342, miR-34a, miR-376a, miR-449a, miR-483-5p, miR-503, miR-577, miR

663, miR-7, miR-7-5p, miR-873, let-7a, let-7f, miR-107, miR-122, miR-124-5p, miR-139, miR

146a, miR-146b, miR-15b, rniR-1 6, miR-181a, miR-1 81a-1, miR-181a-2, miR-181b, miR-181b-
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1, miR-181b-2, miR-181c, miR-181d, miR-184, miR-185, miR-199a-3p, miR-200a, miR-200b, 

miR-203, miR-204, miR-205, miR-218, miR-23b, miR-26b, miR-27a, miR-29c, miR-328, miR

34c-3p, miR-34c-5p, miR-375, miR-383, miR-451, miR-452, miR-495, miR-584, miR-622, 

miR-656, miR-98, miR-124-3p, miR-181 b-5p, miR-200b, and/or miR- 3 1 89 -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 is a target sequence for miR-1Ob-5p, miR-126-3p, miR-145-3p, miR-451a, miR-199b

5p, miR-5683, miR-3195, miR3182, niR-1271-5p., miR-204-5p, miR-409-5p, miR-136-5p, 

miR-514a-5p., miR-559, miR-483-3p, miR-l-3p, miR-6080, miR-144-3p, miR-10b-3p, miR

6130, rniR-6089, miR-203b-5p, miR-4266, miR-4327., miR-5694, miR-193b, let-7a, let-7a-1, let

7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-7i., miR-100, miR-107, 

miR-10a, miR-10b, miR-122, miR-124, rniR-1258, miR-125a-5p, miR125b., miR-126, miR-127, 

miR-129, miR-130a, miR-132, miR-133a, miR-143, miR-145, miR-146a, miR-146b, miR-147, 

miR-148a, miR-149, miR-52, miR-153, miR-15a, miR-16, miR-17-5p, miR-181a, miR-1826, 

miR-183, miR-185, miR-191, miR-193a-3p, miR-195, miR-199b-5p, miR-19a-3p, miR-200a, 

miR-200b, miR-200c, miR-205, miR-2 06, miR-21 1. miR-216b, miR-218, miR-22, miR-26a, 

miR-26b, miR-300, miR-30a, miR-31, miR-335, miR-339-5p, miR-33b, miR-34a, miR-34b, 

miR-34c, miR-374a, miR-379, miR-381, miR-383, miR-425, miR-429, miR-450b-3p, miR-494, 

miR-495, miR-497, niR-502-5p, miR-517a, miR-574-3p, miR-638, miR-7, miR-720, miR-873, 

miR-874, miR-92a, miR-98, miR-99a, mmu-miR-290-3p, and/or mmu-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, miR-17-5p, miR-203, miR-214, miR-218, 

miR-335, miR-342-3p, miR-372, miR-424, miR-491-5p., miR-497, miR-7, miR-99a, miR-99b, 

miR-100, miR-101, miR-15a, miR-16, miR-34a, miR-886-5p, miR-106a, miR-124, miR-148a, 

miR-29a, 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, miR-124-3p, miR-137, miR-655

3p, miR-376c-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-143-5p, 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-7 a-1, let-7 a-2, let-7a-3., let-7b, let-7 c., let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-7i, miR-100, 

miR-101, rniR-126, miR-142-3p, miR-143, miR-145, miR-192, miR -200, miR-21, miR-214, 

miR-215, miR-22, miR-25, miR-302a, rniR-320, miR-320a, miR-34a, miR-34c, miR-365, miR

373, miR-424, miR-429, miR-455, miR-484, rniR-502, miR-503, miR-93, miR-98, miR-186, 

miR-30a-5p, miR-627., let-7a., miR-l, miR--124, miR-125a, miR-129, miR-1295b-3p, miR-1307, 

miR-130b, rniR-132, miR-133a, rniR-133b, miR-137, miR-138, rniR-139, miR-139-5p, miR

140-5p, miR-148a, miR-148b, miR-149, miR-150-5p, miR-154, miR-15a, miR-15b, rniR-16, 

miR-18a, miR-191, miR-193a-5p, miR-194, miR-195, miR-196a, miR-198, rniR-199a-5p, miR

203, miR-204-5p, miR-206, miR-212, miR-218, miR-224, miR-24-3p, miR-26b, miR-27a, rniR

2 8-3 p, miR-28-5p, miR-29b, miR-30a-3p, miR-30b, miR-328, miR-338-3p, miR-342, miR-345, 

rniR-34a-5p, miR-361-5p, miR-375, miR-378, miR-378a-3p, miR-378a-5p, miR-409-3p, miR

422a, miR-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.  

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, miR-301a, miR-301b, miR-30c, miR-34a, miR-34c, miR-424, 

miR-449a, miR-543, and/or miR-34b inserted into the 5' UTR or 3' UTR of one or more viral 

genes required for viral replication.  

31. The oncolytic virus of claim 30 for treating endometrial 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-I5a, miR-15b, miR-16, miR-16-1, 

miR- 1 6-1-3p, miR- 16-2, miR- 181 a, miR- 181 b, miR- 195, miR-223, miR-29b, miR-34b, miR

34c, miR-424, miR-10a, miR-146a, miR-150, miR-151, miR-155, miR-2278, miR-26a, miR-30e, 

miR-31, miR-326, miR-564, miR-27a, let-7b., miR-124a, miR-142-3p, let-7 c. miR-17, miR-20a, 

miR-29a, miR-30c, miR-720, miR-107, miR-342, miR-34a, miR-202, miR-142-5p, miR-29c, 

miR-145, miR-193b, miR-199a, miR-214, miR-22, miR-137, and/or miR-197 inserted into the 5' 

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 miR target 

sequence is a target sequence for miR-1, miR145, miR-1 826, miR-199a, miR-199a-3p, miR

203, miR-205, miR-497, miR-508-3p, miR-509-3p, let-7a, let-7d, miR-106a*, miR-126, miR

1285, miR-129-3p, miR-1291, miR-1 33a, miR-135a, miR-138, miR-141, miR-143, miR-182-5p, 

miR-200a, miR-218, miR-28-5p, miR-30a, miR-30c, miR-30d, miR-34a, miR-378, miR-429, 

miR-509-5p, miR-646, miR-1 33b, let-7b, let-7c, miR-200c, miR-204, miR-335, miR-377, and/or 

niR-506 inserted into the 5' UTR or 3' 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 is a target sequence for let-7a- 1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f, 

let-7f-1, let-7f-2, let-7g, let-7i, miR-1, miR-100, miR-101, miR-105, miR-122, miR-122a, miR

1236, miR-124, miR-125b, miR-126, miR-127, miR-1271, miR-128-3p, miR-129-5p, miR-130a, 

miR-130b, miR-133a, miR-134, miR-137, miR-138, miR-139, miR-139-5p, miR-140-5p, miR

141, miR-142-3p, miR-143, miR-144, miR-145, miR-146a, miR-148a, miR-148b, miR-150-5p, 

miR-15b, miR-16, miR-181a-5p, miR-185, miR-188-5p, miR-193b, miR-195, miR-195-5p, miR

197, miR-198, miR-199a, miR-199a-5p, miR-199b, miR-199b-5p, miR-200a, miR-200b, miR

200c, miR-202, miR-203, rniR-204-3p, miR-205, miR-206, rniR-20a, miR-21, miR-21-3p, miR-
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211, miR-212, miR-214, miR-217, miR-218, miR-219-5p, miR-22, miR-223, miR-26a, miR

26b, miR-29a, niR-29b-1, miR-29b-2, miR-29c, miR-302b, miR-302c, miR-30a, miR-30a-3p, 

miR-33 5, miR-33 8- 3 p, miR-33a, miR-34a, miR-34b, miR-365, miR-370, miR-3 72, miR-3 75, 

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-520c-3p, miR-582-5p, miR-590-5p, miR-610, miR-612, miR-625, miR-637, 

miR-675, miR-7, miR-877, miR-940, miR-941, miR-98, miR-99a, miR-132, and/or miR-3 1 

inserted into 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 liver cancer.  

38. The oncolytic virus of claim 37, wherein the liver cancer is hepatocellular carcinoma.  

39. The oncolytic virus of any of claims 1-12. wherein the tumor-suppressive miR target 

sequence is a target sequence for miR-143-3p, miR-126-3p, miR-126-5p, miR-1266-3p, niR

6130, miR-6080, miR-511-5p, miR- 14 3 -5p, miR-223-5p, miR-199b-5p, miR-199a-3p, miR

199b-3p, miR-451 a, miR-142-5p, miR-144, miR-150-5p, miR-142-3p, miR-214-3p, miR-214

5p, miR-199a-5p, miR-145-3p, miR-145-5p, miR-1297, miR-141, miR-145, miR-16, miR-200a, 

miR-2Ob, miR-200c, miR-29b, miR-381, miR-409-3p, miR-429, miR-451, miR-51 1, miR-99a, 

let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, let-7f-2, let-7g, let-7i, miR-1, 

miR-101, miR-133b, miR-138, miR-142-5p, miR-144, miR-1469, miR-146a, miR-153, miR-15a, 

miR- 1 5b, miR- 16-1, miR- 16-2, miR- 182, miR- 192, miR- I 93a-3p, miR- 194, miR- 195, miR- 198, 

miR-203, miR-21T, niR-218, miR-22, miR-223, miR-26a, miR-26b, miR-29c, miR-33a, miR

34a, miR-34b, miR-34c, miR-3 65, miR-449a, miR-449b, miR-486-5p, miR-545, miR-610, miR

614, miR-630, miR-660, nuR-751 5, miR-9500, miR-98, nuR-99b, miR-133a, let-7a, miR-100, 

miR-106a, miR-107, miR-124, miR-125a-3p, miR-125a-5p, miR-126, miR-126*, miR-129, miR

137, miR-140, miR-143, miR-146b, miR-148a, miR-148b, miR-149, miR-152, miR-154, miR

155, miR-17-5p, miR-181a-1, miR-181a-2, miR-181b, miR-181Lb-1, miR-181b-2, miR-181c, 

miR-181d, miR-184, miR-186, miR-193b, miR-199a, miR-204, miR-212, miR-221, miR-224, 

miR-27a, miR-27b, miR-2Pa, 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, miR
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4500, miR-4782-3p, miR-497, miR-503, miR-512-3p, miR-520a-3p, miR-526b, miR-625*, 

and/or miR-96 inserted 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-7b, miR-101, miR-125b, miR-1280, miR-143, miR-146a, 

miR-146b, miR-155, miR-17, miR-184, miR-1 85, miR-18b, miR-193b., miR-200c, miR-203, 

miR-204, miR-205, miR-206, miR-20a, rniR-211, miR-218, miR-26a, miR-31, miR-33a, miR

34a, miR-34c, miR-376a, miR-376c, miR-573., miR-7-5p, miR-9, and/or rniR-98 inserted into the 

5' 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, miR-34a, miR-375, miR-494, miR-100, nR

124, miR-1250, miR-125b, miR-126, miR-1271, miR-136, miR-138, miR-145, miR-147, miR

148a, miR-181a, miR-206, miR-220a, miR-26a, miR-26b, miR-29a, miR-32, miR-323-5p, miR

329, miR-338, miR-370, miR-410, miR-429, miR-433, miR-499a-5p, miR-503, miR-506, miR

632, miR-646, miR-668, miR-877, and/or miR-9 inserted 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-7i, 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, miR-200b, miR-200c, miR-212, miR-335, miR-34a, miR-34b, miR-34c, 

miR-409-3p, miR-41 1, miR-429, miR-432, miR-449a, miR-494, miR-497, miR-498, miR-519d,
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miR-655, miR-9, miR-98, miR-101, miR-532-5p, miR-124a, miR-192, miR-193a, and/or miR-7 

inserted into the 5' 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-375, miR-214-3p, miR-216b-3p, miR-432-5p, miR-216a-3p, miR-199b-5p, miR

199a-5p, miR-136-3p, rniR-216b-5p, miR-136-5p, miR-145-5p, miR-127-3p, niR-199a-3p, 

miR-199b-3p, miR-559, miR-129-2-3p, miR-4507, miR-l-3p, miR-148a-3p., miR-101, miR

1181, miR-124, miR-1247, miR-133a, miR-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-2 9c, 

miR-335, rniR-34a, miR-34b, miR-34c, miR-373., miR-375, miR-410, miR-497., miR-615-5p, 

miR-630, miR-96, rniR-132, let-7a, let-7a-1, let-7a-2, let-7a-3, let-7b, let-7c, let-7d, let-7e, let-7f

1, let-7f-2, let-7g, let-7i, miR-126, miR-135a, miR-143, miR-144, miR-150, miR-16, miR-200a, 

miR-200b, miR-200c, miR-217, miR-218, miR-337, miR-494, and/or miR-98 inserted into the 5' 

UTR or 3' 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-7c, miR-100, miR-101, miR-105, miR-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-1 5a, miR-187, miR-1 88-5p, miR-199b, miR-200b, miR-203, miR-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, miR-30c-2, miR-30d, miR-30e, miR-31, miR

330, miR-331-3p, miR-34a, miR-34b, miR-34c, miR-374b, miR-449a, miR-4723-5p, miR-497, 

miR-628-5p, miR-642a-5p, miR-765, and/or miR-940 inserted into the 5' UTR or 3' UTR of one 

or more viral genes required for viral replication.  

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 niR target 

sequence is a target sequence for miR-101, miR-1 83, miR-204, miR-34a, miR-365b-3p, miR

486-3p, and/or miR-532-5p inserted into the 5' UTR or 3' UTR of one or more viral genes 

required for viral replication.  

52. The oncolytic virus of claim 51 for treating retinoblastoma.  

53. The oncolytic virus of any of claims 1-12, wherein the turnor-suppressive miR target 

sequence is a target sequence for miR-143-3p, miR-I 33b, miR-1264, miR-448, miR-I 2 9 8-5p, 

miR-490-5p, miR138-2-3p, miR-144-3p, miR-144-5p, miR-i50-5p, rniR-129-1-3p, miR-559, 

miR-l-3-p, miR-143-5p, miR-223-3p, rniR-3943, miR-338-3p, miR-124-3p, miR-219a-5p, miR

219a-2-3p, miR-451a, miR-142-5p, miR-133a-3p., miR-1 4 5 -5 p, and/or miR-145-3p.  

54. The oncolytic virus of claim 53 for treating glioblastoma.  

55. The oncolytic virus of any of claims 1-12, wherein the tumor-suppressive miR target 

sequence is a target sequence for miR-143-3p, miR-223-3p, miR-6080, miR-208b-3p, miR-206, 

miR-133a-5p, miR-133b, miR-199a-5p, miR-199b-5p, niR-145-3p, miR-145-5p, miR-150-5p, 

miR-1 4 2 -3p, niR-144-3p, miR-144-5p, miR-338-3p, miR-214-3p, miR-559, miR-133a-3p, niR

1-3p, miR-126-3p, miR-142-5p, miR-451a, miR-199a-3p, and/or miR-199b-3p.  

56. 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, miR-31-3p, 

miR-1293, miR-129-2-3p, miR-12 9 -5p, miR-124-3p, miR-219a-5p, miR-219a-2-3p, miR-490

3p, miR-488-3p, miR-935, miR-124-5p, miR-122-3p, miR-122-5p, miR-1-3p, miR-133a-3p, 

miR-375, miR-14 1-3 p, miR-31-5p, miR-205-5p, miR-200c-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 into a 

locus of one or more viral genes required for viral replication; 

(b) one or more polynucleotides encoding one or more proteins or oligonucleotides, 

wherein the proteins or oligonucleotides reduce the expression or inhibit the function of a miR, a 

gene, or a TIMP; 

(c) at least one protease-activated antibody; and/or 

(d) a polynucleotide encoding at least one protease activated antibody.  

60. The oncolytic virus of claim 59, wherein the miR of (b) is an oncogenic miR or a 

microenvironment remodeling miR.  

61. The oncolytic virus of claim 60, wherein the oncogenic miR is selected from the miRs 

listed in Table 4, 

62. The oncolytic virus of claim 59, wherein the gene of (b) is an oncogenic gene.  

63. The oncolytic virus of claim 62, wherein the oncogenic gene is selected from the genes 

listed in Table 7.  

64. The oncolytic virus of claim 60, wherein the microenvironment remodeling miR is 

selected from the miRs listed in Table 5.  

65. The oncolytic virus of claim 59, wherein the TIMP of (b) is selected from TIMPI1, 

'TIMP2, TIMP3 and TIMP4.  

66. The oncolytic virus of claim 59, wherein the oligonucleotide of (b) is an shRNA or a 

decoy oligonucleotide.  
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67. The oncolytic virus of claim 59, wherein the protein of (b) is a nuclease, a bispecific T

cell engager (BiTE), an anti-immunosuppressive protein, or an immunogenic antigen.  

68. 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-HFI, SpCas9-HF2, SpCas9-HF3, SpCas9-HF4, SaCas9, FnCpf, FnCas9, 

eSpCas9, C2C1, C2C3, Cpfl, Casl, CaslB, Cas2, Cas3, Cas4, Cas5, Cas6, Cas7, Cas8., Cas9, 

Cas10, Csyl, Csy2, Csy3., Csel, Cse2., Cscl, Csc2., Csa5, Csn2, Csm2, Csm3, Csm4, Csm5, Csm6, 

Cmrl, Cmr3, Cmr4, Crmr5, Cmr6, Csbl, Csb2, Csb3, Csxl7, Csxl4, Csx10, Csx16, CsaX, Csx3, 

CsxI, Csx15, CsfI, Csf2, Csf3, and Csfl.  

70. The oncolytic virus of claim 69, further comprising a heterologous polynucleotide 

encoding an tracr-RNA (trRNA) and a crispr-RNA (crRNA), wherein the crRNA is 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 is a VHH

derived blocker or a VHH-derived BiTE.  

73. The oncolytic virus of claim 59, wherein the protein of (b) induces an anti-tumor immune 

response.  

74. The oncolytic virus of claim 73, wherein the protein is selected from EpCAM, folate, 

IFNQ, anti-CTLA-4, anti-PD1, A2A, anti-FGF2, anti-FGFRIFGFR2b, anti-SEMA4D, CCL5, 

CD137, CD200, CD38, CD44, CSF-IR, CXCLI0, CXCL13, endothelin B Receptor, IL-12, IL
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15, IL-2, IL-21, IL-35, ISRE7, LFA-1, NG2 (also known as SPEG4), a SMAD protein, STING, 

TGF , and V CAM 1.  

75. The oncolytic virus of claim 59, wherein the at least one protease-activated antibody of 

(c) or (d) is 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 is selected from cathepsin K, 

cathepsin B, cathepsin L, cathepsin E, cathepsin D, hKI, PSA (hK3)., hK1 0, hK15, uPA, uPAR, 

MMP-1, ANOP-2, NMIP-3, MMP-7, MMP-8 , INIP-9, MMP-10., MMP- 11, MMP-12, NIP- 13 

MMP-14, MMP- 15, MMP-16, MNIP- 17, MMP-18, MMP-19, MMP-20, MMP-21, MMP-23A, 

MMP-23B, MiMP-24, MMP-25, MMP-26, MMP-27, MMP-28, or a protease listed in Table 6.  

78. The oncolytic virus of claim 59 or 75, wherein 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, EGFRvIII, CD133, 

CXCR4, carcinoembryonic 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) is inserted 

into 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 is 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, ULI, UL5, 

UL6, UL7, UL8, UL9, ULII, UL12, UL14, UL15, UL17, UL18, UL19, UL20, UL22, UL25, 

UL26, UL26.5, UL27, UL28, UL29, UL30. UL31, UL32, UL33, UL34, UL35., UL36, UL3'7, 

UL38, UL39, UL40, UL42, UL48, UL49, UL52, UL53, UL54, ICPO, ICP4, ICP22. ICP27, 

ICP47, gamma-34.5, US3, US4., US5, US6, US7, US8, US9, USIO., US1I, 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.  

85. 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 said cancerous cell, and wherein 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 

in 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 maintained 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 is in vivo.  

91. The method of claim 90, wherein the cell is within a tumor.  

92. A method of treating cancer in a subject in 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 is 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, wherein the oncolytic virus or compositions thereof are 

administered intravenously, subcutaneously, intratumorally, intramuscularly, or intranasally.  

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, 

malignant glioma, glioblastoma, melanoma, B-cell chronic lymphocytic leukemia, diffuse large 

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 hepatocellular carcinoma (HCC).  
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