
 

Recombinant Oncolytic Virus, Preparation Method Therefor, 
Use Thereof and Medicine Thereof 

Cross-Reference to Related Applications 

The present disclosure claims the priority to the Chinese Patent Application 
with the application No. 201910462073.5, entitled “Recombinant Oncolytic 
Virus, Preparation Method Thereof, Use Thereof and Medicine Thereof”, filed 
with the Chinese Patent Office on May 30, 2019, the entirety of which is 
incorporated herein by reference. 

Technical Field 

The present disclosure pertains to the field of biotechnology, and particularly 
to an oncolytic virus, a preparation method thereof, a use thereof, and a 
medicine thereof. 

Background Art 

Cancers have become a main killer threatening human health. It has been 
shown according to data from Global Cancer Statistics 2015 that about 14.1 
million new cancer cases were reported globally in 2015, and the death toll 
reached 8.2 million. 4.29 million new cancer cases were reported in China in 
2015, and the number of death cases reached 2.81 million. Currently, cancer 
treatment mainly relies on by conventional surgical resection, radiotherapy and 
chemotherapy. Surgical resection can eradicate tumors or at least mitigate 
patients’ suffering, but is not amenable to tumors located deep in the body due 
to lack of accessibility, and provides no help for already metastasized tumors. 
Radiotherapy and chemotherapy have long been used in clinic, but the 
application thereof is greatly limited due to the severe side effects derived from 
the non-selectivity between normal and tumor cells. In recent years, especially 
in the past five years, antibodies and CAR-T in treatment of cancers have 
attracted extensive attention. Antibody therapy can slow down the progression 
of cancers, but the therapeutic efficacy is far away from being satisfactory, and 
it has been widely believed antibody therapy is more suitable for use as an 
adjuvant therapy. Precise targeting can be achieved by CAR-T therapy, and 
CAR-T treatment might even cure cancers; however, CAR-T therapy might be 
mainly suited for treatment of hemological lymphomas, and one therapy is 
specifically for one patient, thus the cost for CAR-T treatment is extremely high. 
Moreover, the consequence of potential off-target engagement could be 
devastating or even deadly. In order to safely and efficiently treat cancers and 
relieve patients’ suffering, it is highly desirable to develop a novel therapy for 
treatment using a completely new strategy. Among all the choices of options, 
genetically engineered oncolytic virus stands out because oncolytic viruses 
have been demonstrated to be safe while there is no concern for drug 
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resistance, and hold the potential that one oncolytic virus could treat numerous 
tumors. 

It was clinically observed as early as 100 years ago that viral infection 
slowed down tumor growth or even eradicated tumors. And then plasma or 
plasma extracts from hepatitis B patients were even used to treat Hodgkin's 
disease. However, people did not believe that a virus was a feasible option for 
cancer treatment, because there was no means to confer selectivity to a virus 
allowing for the virus to only replicate in tumors. In the 1990s, the progress in 
the molecular biological technology paved the way for genetically engineering 
a virus to specifically target tumor cells. Early studies were focused on 
developing replication-defective lytic viruses such as adenovirus and 
replication defective non-lytic viruses such as adenovirus-associated virus to 
express immune-stimulatory molecules such as GMCSF, IL-12 and IL-17 or 
cytokines such as TNFα and IFNα for treatment of cancers by enhancing 
anti-tumor immunity. Since virus-based immunotherapies, like conventional 
immunotherapies, produce a limited therapeutic effect, therefore it has been 
thought that it should be used mainly as an adjuvant therapy. In order to fulfill 
the potential of viruses in cancer treatment, effort in recent years has been 
directed towards genetically modifying lytic viruses to confer the ability of the 
virus to specifically replicate in tumor cells (oncolytic virus).Such that the virus 
propagates in tumor cells, spread into the adjacent cells and kill them 
(oncolysis). Moreover, cellular debris derived from the lysed tumor cells can 
induce tumor-specific immunity, which help kill the tumor cells in the primary 
tumor site in return and destroy already metastasized tumor cells, thus 
producing the therapeutic benefits. Because of the demonstrated safety profile 
of oncolytic viruses and the potential of an oncolytic virus for treating a variety 
of cancers, the future of oncolytic viruses in treatment of cancers is highly 
anticipated. The approval by USA, EU, and Australia in 2015, 2016, 
respectively, for clinical use of a herpes virus type I-based oncolytic virus T-vec 
from the American company Amgen for treating melanoma, heralded a new 
era for treatment of cancers by oncolytic viruses. Research in oncolytic viruses 
has been growing tremendously since then, and as many as 80 clinical trials of 
oncolytic viruses for treating various tumors were conducted globally only in 
2017. Many kinds of oncolytic viruses have been shown to perform well in 
pre-clinical studies, but in clinic, the therapeutic benefits are much less than 
expectation even though they have been shown to be clinically safe. 

Summary 

The present disclosure provides a new oncolytic virus, the nucleotide 
sequences utilized for the generation and the method for preparing this virus, 
the potential use of the oncolytic virus for cancer treatment, and a composition 
containing the oncolytic virus and the like. The replication of the oncolytic virus 
is regulated and controlled by exogenous elements inserted into the viral 
genome thereof; through the regulation and control of viral gene expression by 
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these exogenous elements, the oncolytic virus replicates differently in different 
cell types, and through the selective replication, target cells (such as tumor 
cells) can be selectively destroyed accordingly, while non-target cells (such as 
normal cells) are left intact. 

Currently, selective replication of oncolytic viruses in cancer cells is 
achieved mainly by deleting one or more nonessential viral genes or by putting 
the expression of one or more essential viral genes under the control of a 
tumor-specific promoter. Viral nonessential genes are those genes which are 
not required for a virus to replicate in cultured cells. Viral replication does not 
require nonessential genes in vitro, but nonessential genes perform various 
functions to support viral replication in vivo, e.g. antagonizing the antiviral 
mechanisms of a host or the like, so as to facilitate viral replication. For 
oncolytic viruses constructed by utilizing a tumor specific promoter to drive the 
expression of one or more essential genes, although the genome is kept intact, 
the temporally coordinated expression of viral genes is disrupted. Thus, the 
ability of the virus to replicate in vivo could be significantly impaired no matter 
whether a nonessential gene is deleted or an essential gene is expressed 
under the control of a tumor-specific promoter. Indeed, currently available 
oncolytic viruses generally perform poorly in clinical practice. In order to 
increase the effectiveness and expand the spectrum of the application of 
oncolytic viruses, it is crucial to keep the viral genome intact while not 
disrupting the highly coordinated expression of viral genes. With those as the 
guidelines a brand-new oncolytic virus was developed and prepared in the 
present disclosure using a novel strategy. 

In a first aspect, the present disclosure provides an oncolytic virus with the 
genome of the oncolytic virus containing following exogenous elements: 

(1) the first expression cassette containing the first promoter and the first
interfering RNA expression sequence; 

(2) the target sequence; and

(3) the second expression cassette.

In the first expression cassette, the first interfering RNA expression
sequence is used to express the first interfering RNA, which specifically binds 
to the target sequence; the first interfering RNA expression sequence is driven 
by the first promoter so as to express the first interfering RNA in first cells. 

The target sequence is inserted into the 5’ or the 3’ untranslated region 
(UTR) of an essential viral gene in the viral genome. 

The second expression cassette contains a second promoter and an 
inhibitory component expression sequence; the inhibitory component 
expression sequence is used to express inhibitory components. The inhibitory 
components are used to inhibit the biosynthesis and/or the bioactivity of one 
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enzyme involved in the biosynthesis of the interfering RNA; and the inhibitory 
component expression sequence is driven by the second promoter so as to 
express the inhibitory components in second cells, but not in the first cells. 

The first and second cells are different cell types. 

As for the oncolytic virus provided in the present disclosure, the first 
expression cassette, the target sequence of the first interfering RNA, and the 
second expression cassette are inserted into the viral genome as shown in Fig. 
1.The first interfering RNA is constitutively expressed in the first cells
(non-target cells, such as normal cells) under the control of the first promoter
after the cells are infected while the inhibitory components are specifically
expressed with the expression driven by the second promoter in  infected
second cells (target cells, such as tumor cells). In the first cells, the first
interfering RNA is constitutively expressed after the cells are infected, which
binds to the interfering RNA target sequence located at the 5’ or 3’ UTR of an
essential gene of the virus, thus resulting in cleavage of the targeted mRNA or
preventing the essential gene from getting translated. As a result, no or much
less amount of the regulated viral protein is produced leading to no viral
replication with cells not affected. In contrast, in the second cells, the inhibitory
components after the cells are infected by the virus, are specifically expressed
from the viral genome under the control of the second promoter, which inhibit
the biosynthesis, and/or bioactivity of the enzyme involved in the biosynthesis
of interfering RNA, thus resulting in no or much less interfering RNA produced
in those cells leading to robust viral replication and cell death. Strikingly
differing from currently available oncolytic viruses, the oncolytic virus provided
in the present disclosure possesses an intact genome while keeping the ability
of the virus for the regulated viral genes to be expressed in a highly
coordinated manner in the second cells, the two critical features required for an
oncolytic virus to robustly replicate in tumor cells. Therefore, the oncolytic virus
possesses the same or similar replication capacity as or to that observed with
wild type virus in the second cells, thus killing tumor cells effectively. Based on
the strategy, one can expect that when a tumor specific promoter, which is
highly active in a variety of tumor cells, is used to drive the expression of the
inhibitory components from the second expression cassette, the oncolytic virus
would be used for treatment of various tumors. Further, in certain
embodiments of the present disclosure, the first expression cassette further
contains a second interfering RNA expression sequence to express a second
interfering RNA. The second interfering RNA acts on the open reading frame
(ORF) of a nonessential viral gene of the oncolytic virus, so as to interfere with
the expression of the nonessential gene, and the second interfering RNA
expression sequence is expressed under the control of the first promoter.

The second interfering RNA after expressed in the first cells from the viral 
genome binds to the ORF of the nonessential gene of the virus, thus inhibiting 

 4 



the production of the nonessential gene product, which further enhances the 
safety of the virus in the first cells. 

Further, in all the embodiments, the first interfering RNA and the second 
interfering RNA can be either a small interfering RNA (siRNA) or microRNA 
(miRNA). 

Further, in certain embodiments of the present disclosure, the second cells 
are tumor cells of a mammal, and the first cells are non-tumor cells of a 
mammal. 

Further, in certain embodiments of the present disclosure, the mammal 
refers to human. 

Further, in certain embodiments of the present disclosure, the tumor cells 
are lung cancer cells, liver cancer cells, breast cancer cells, gastric cancer 
cells, prostate cancer cells, brain tumor cells, human colon cancer cells, 
cervical cancer cells, renal cancer cells, ovarian cancer cells, head and neck 
cancer cells, melanoma cells, pancreatic cancer cells, or esophageal cancer 
cells. 

It should be noted that the oncolytic virus provided in the present disclosure 
is not limited to the selective killing of tumor cells, but may also be used to kill 
other non-tumor cells of interest. In other words, any cells of interest can serve 
as the second cells as mentioned above, that is, the target cells, while cells of 
no interest serve as the first cells, that is, the non-target cells. For example, 
any one kind of cells selected from nerve cells, red blood cells, white blood 
cells, blood platelets, phagocytes, epithelial cells, myocardial cells, ova, and 
sperms or the like can be killed as the second cells, that is to say, any cell 
originated from mammals can serve as the second cells, while one kind, 
several kinds, or all kinds of cells which are not selected as the second cells 
may serve as the first cells, and this oncolytic virus has no killing effect on 
these first cells. 

In addition, it should also be pointed out oncolytic viruses generated using 
the concepts provided in the present disclosure, no matter what is the parental 
virus, all falls within the scope of protection of the present disclosure 

Further, in certain embodiments of the present disclosure, the target 
sequence is selected from the coding sequence of a gene of a non-mammal. 

Preferably, in certain embodiments of the present disclosure, the target 
sequence of 19-23 nucleotides in length is selected from the ORF of a gene of 
the non-mammal. 

Preferably, in certain embodiments of the present disclosure, the 
non-mammal is yeast, jellyfish, Escherichia coli, insect, fish, or plant. 
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Preferably, in certain embodiments of the present disclosure, the gene of the 
non-mammal can be selected from the group including green fluorescent 
protein gene derived from jellyfish, β-galactosidase gene derived from 
Escherichia coli, and luciferase gene derived from firefly. 

Further, in certain embodiments of the present disclosure, the nucleotide 
sequence of the target is shown in SEQ ID NO1, and the sequence of the first 
interfering RNA is shown in SEQ ID NO: 2. 

Further, in certain embodiments of the present disclosure, the target 
sequence is inserted into the 5’ or the 3’UTR of one or more essential genes of 
the recombinant oncolytic virus. 

Preferably, the copy number of the target sequence inserted at any position 
can be one or more. 

Further, in certain embodiments of the present disclosure, the oncolytic virus 
is selected from a variety of viruses including herpes simplex virus (HSV), 
adenovirus, vaccinia virus, newcastle disease virus, poliovirus, coxsackie virus, 
measles virus, mumps virus, vesicular stomatitis virus (VSV), and influenza 
virus. 

Preferably, when the oncolytic virus is herpes simplex virus, the essential 
gene is selected from the group including envelope glycoprotein L, uracil DNA 
glycosylase, capsid protein, helicase proenzyme subunit, DNA replication 
initiation binding unwindase, derived protein of myristic acid, 
deoxyribonuclease, coat serine/threonine protein kinase, DNA packaging 
terminase subunit 1, coat protein UL16, DNA packaging protein UL17, capsid 
triplex subunit 2, major capsid protein, envelope protein UL20, nucleoprotein 
UL24, DNA packaging protein UL25, capsid mature protease, capsid protein, 
envelope glycoprotein B, single-stranded DNA-binding protein, DNA 
polymerase catalytic subunit, nuclear egress layer protein, DNA packaging 
protein UL32, DNA packaging protein UL33, nuclear egress membrane protein, 
large capsid protein, capsid triplex subunit 1, ribonucleotide reductase subunit 
1, ribonucleotide reductase subunit 2, capsule host shutoff protein, DNA 
polymerase processing subunit, membrane protein UL45, coat protein 
VP13/14, trans-activating protein VP16, coatprotein VP22, envelope 
glycoprotein N, coat protein UL51, unwindase-primaseprimase subunit, 
envelope glycoprotein K, ICP27, nucleoprotein UL55, nucleoprotein UL56, 
transcription regulation factor ICP4, regulatory protein ICP22, envelope 
glycoprotein D and membrane protein US8A; and the nonessential gene is 
selected from ICP34.5, ICP0, nucleoprotein UL3, nucleoprotein UL4, helicase 
proenzyme helicase subunit, cuticular protein UL7, envelope glycoprotein M, 
coat protein UL14, coat protein UL21, envelope glycoprotein H, thymidine 
kinase, DNA packaging terminating enzyme subunit 2, small capsid protein, 
coat protein UL37, envelope protein UL43, envelope glycoprotein C, coat 
protein VP11/12, uracil deoxyribosidetriphosphatase, viral protein US2, 
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serine/threonine protein kinase U3, membrane G glycoprotein (envelope 
glycoprotein G), envelope glycoprotein J, envelope glycoprotein I, envelope 
glycoprotein E, membrane protein US9, viral protein US10, cuticular protein 
Us11, and ICP47. 

Preferably, when the oncolytic virus is adenovirus, the essential gene is 
selected from the group including early protein 1A, early protein 1B 19K, early 
protein 1B 55K, encapsidation protein Iva2, DNA polymerase, terminal protein 
precursor pTP, encapsidation protein 52K, capsid protein precursor pIIIa, 
pentomer matrix, core protein pVII, core protein precursor pX, core protein 
precursor pVI, hexonmer, proteinase, single-stranded DNA-binding protein, 
hexamer assembly protein 100K, protein 33K, encapsidation protein 22K, 
capsid protein precursor, protein U, fibrin, open reading frame 6/7 of regulatory 
protein E4, regulatory protein E4 34K, open reading frame 4 of regulatory 
protein E4, open reading frame 3 of regulatory protein E4, open reading frame 
2 of regulatory protein E4, and open reading frame 1 of regulatory protein E4; 
and the nonessential gene is selected from the group including capsid protein 
IX, protein 13.6K, core protein V, regulatory protein E3 12.5K, membrane 
glycoprotein E3 CR1-α, membrane glycoprotein E3 gp19K, membrane 
glycoprotein E3 CR1-β, membrane glycoprotein E3 CR1-δ, membrane 
glycoprotein E3 RID-δ, and membrane glycoprotein E3 14.7K. 

Preferably, when the oncolytic virus is vaccinia virus, the essential gene is 
selected from the group including ribonucleotide reductase small-subunit, 
serine/threonine kinase, DNA-binding viral core protein, polymerase 
large-subunit, RNA polymerase subunit, DNA polymerase, sulfhydryl oxidase, 
hypothetical DNA-binding viral nucleoprotein, DNA-binding phosphoprotein, 
nucleoid cysteine proteinase, RNA helicase NPH-II, hypothetical 
metalloproteinase, transcription elongation factor, glutathione-type protein, 
RNA polymerase, hypothetical viral nucleoprotein, late transcription factor 
VLTF-1, DNA-binding viral nucleoprotein, viral capsid protein, polymerase 
small-subunit, RNA polymerase subunit rpo22 depending on DNA, RNA 
polymerase subunit rpo147 depending on DNA, serine/threonine protein 
phosphatase, IMV heparin-binding surface protein, DNA-dependent RNA 
polymerase, late transcription factor VLTF-4, DNA topoisomerase type I, 
mRNA capping enzyme large-subunit, viral core protein 107, viral core protein 
108, uracil-DNA glycosylase, triphosphatase, 70kDa small subunit of early 
gene transcription factor VETF, RNA polymerase subunit rpo18 depending on 
DNA, nucleoside triphosphate hydrolase-I, mRNA capping enzyme 
small-subunit, rifampicin target site, late transcription factor VLTF-2, late 
transcription factor VLTF-3, disulfide bond forming pathway, precursor p4b of 
core protein 4b, core protein 39kDa, RNA polymerase subunit rpo19 
depending on DNA, 82kDa large subunit of early gene transcription factor 
VETF, 32kDa small subunit of transcription factor VITF-3, IMV membrane 
protein 128, precursor P4a of core protein 4a, IMV membrane protein 131, 
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phosphorylated IMV membrane protein, IMV membrane protein A17L, DNA 
unwindase, viral DNA polymerase processing factor, IMV membrane protein 
A21L, palmitoyl protein, 45kDa large subunit of intermediate gene transcription 
factor VITF-3, RNA polymerase subunit rpo132 depending on DNA, RNA 
polymerase rpo35 depending on DNA, IMV protein A30L, hypothetical ATP 
enzyme, serine/threonine kinase, EEV mature protein, palmitoylated EEV 
membrane glycoprotein, IMV surface protein A27L, EEV membrane phosphate 
glycoprotein, IEV and EEV membrane glycoproteins, EEV membrane 
glycoprotein, disulfide bond forming pathway protein, hypothetical viral 
nucleoprotein, IMV membrane protein I2L, poxvirus myristoyl protein, IMV 
membrane protein L1R, late 16kDa hypothetical membrane protein, 
hypothetical virus membrane protein H2R, IMV membrane protein A21L, 
chemokine-binding protein, epidermal growth factor-like protein, and IL-18 
binding protein; and the nonessential gene is selected from the group including 
secretory complement binding protein, kelch-like protein, virulence factors, 
hypothetical α-amino protein sensitive protein, serpin-type protein, 
phospholipase D-type protein, unfeatured protein K7R, CD47-type 
hypothetical membrane protein, alarmone-type protein, C-type agglutinin-type 
type II membrane protein, secretory glycoprotein, uracil 
deoxyribosidetriphosphatase, kelch-like protein F3L, hypothetical 
myristoylated protein, ribonucleotide reductase large-subunit, vaccinia virus 
type A inclusion body protein, ankyrin-type protein, 6kda intracellular viral 
protein, tumor necrosis factor α-receptor-like protein 215, tumor necrosis factor 
α-receptor-like protein 217, ankyrin-type protein B4R, ankyrin-type protein 213, 
ankyrin-type protein 211, zinc finger protein 207, zinc finger protein 208, 
ankyrin-type protein 014, ankyrin-type protein 015, ankyrin-type protein 016, 
ankyrin-type protein 017, ankyrin-type protein 019, ankyrin-type protein 030, 
hypothetical monoglyceride lipase 036, hypothetical monoglyceride lipase 037, 
hypothetical monoglyceride lipase 038, ankyrin-type protein 199, ankyrin-type 
protein 203/hypothetical protein, type A inclusion body protein, guanylate 
kinase, and ankyrin-type protein 188. 

Preferably, when the oncolytic virus is coxsackie virus, the essential gene is 
selected from the group including protein Vpg, core protein 2A, protein 2B, 
RNA unwindase 2C, protein 3A, proteinase 3C, reverse transcriptase 3D, coat 
protein Vp4, and protein Vp1; and the nonessential gene is either capsid 
proteins Vp2 orVp3. 

Preferably, when the oncolytic virus is measles virus, the essential gene is 
selected from the group including nucleoprotein N, phosphoprotein P, matrix 
protein M, transmembrane glycoprotein F, transmembrane glycoprotein H, and 
RNA-dependent RNA polymerase L; and the nonessential gene is either 
RNA-dependent RNA polymerase accessory protein C or RNA-dependent 
RNA polymerase accessory protein V. 
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When the oncolytic virus is mumps virus, the essential gene is selected from 
the group including nucleoprotein N, phosphoprotein P, fusion protein F, and 
RNA polymerase L; and the nonessential gene isselected from the group 
including phosphoprotein V, membrane protein M, and hemagglutinin 
neuraminidase protein HN. 

Preferably, when the oncolytic virus is vesicular stomatitis virus, the 
essential gene is selected from the group including glycoprotein G, 
nucleoprotein N, phosphoprotein P, and RNA polymerase L; and the 
nonessential gene is matrix protein M. 

Preferably, when the oncolytic virus is poliovirus, the essential gene is 
selected from the group including capsid protein VP1, capsid protein VP2, 
capsid protein VP3, cysteine protease 2A, protein 2B, protein 2C, protein 3A, 
protein 3B, proteinase 3C, protein 3D, and RNA-directed RNA polymerase; 
and the nonessential gene is capsid protein VP4. 

Preferably, when the oncolytic virus is influenza virus, the essential gene is 
selected from the group including hemagglutinin, neuraminidase, 
nucleoprotein, membrane protein M1, membrane protein M2, polymerase PA, 
polymerase PB1-F2, and polymerase PB2; and the nonessential gene is either 
non-structural protein NS1 or non-structural protein NS2. 

Further, in certain embodiments of the present disclosure, the oncolytic virus 
is herpes simplex virus type-1, the essential gene is ICP27, and the 
nonessential gene is ICP34.5. 

Further, in certain embodiments of the present disclosure, the sequence of 
the second interfering RNA is shown in SEQ ID NO:3. 

Further, in certain embodiments of the present disclosure, the first promoter 
is a constitutive promoter. 

Preferably, when the target sequence is inserted into the 5’ or the 3’ UTR of 
multiple essential genes, the first expression cassette only expresses the first 
interfering RNA, and the first promoter is either human Hu6 or H1 promoter. 

Preferably, when the target sequence is inserted into the 5’ or 3’ UTR of only 
one essential gene and the ORF of a non-essential gene is targeted by the 
second interfering RNA, the first expression cassette expresses the first and 
the second interfering RNA simultaneously, and the first promoter is selected 
from the group including CMV, SV40, and CBA promoters. 

Further, in certain embodiments of the present disclosure, the second 
promoter is a human tumor-specific promoter. 

Preferably, the human tumor-specific promoter is selected from telomerase 
reverse transcriptase promoter (hTERT), human epidermal growth factor 
receptor-2 (HER-2) promoter, E2F1 promoter, osteocalcin promoter, 
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carcinoembryonic antigen promoter, survivin promoter, and ceruloplasmin 
promoter. 

Further, in certain embodiments of the present disclosure, the enzyme is any 
of Drosha, Dicer, and Agonauts. 

Further, in certain embodiments of the present disclosure, the inhibitory 
components contain the third interfering RNA to interfere with the gene 
expression of an enzyme to inhibit the biosynthesis of interfering RNA. 

Preferably, the enzyme is Drosha. 

Further, in certain embodiments of the present disclosure, the base 
sequence of the third interfering RNA is shown in SEQ ID NO:4. 

Further, in certain embodiments of the present disclosure, the inhibitory 
component further contains an expanded nucleotide triplet repeats’ RNA for 
inhibiting the Drosha activity or a non-coding RNA for inhibiting Dicer activity. 

Preferably, the expanded nucleotide triplet repeats’ sequence has the 
following general formula: (CGG)n, wherein n is an integer number equal to or 
greater than 20. 

Preferably, n ranges from60 to 150. 

Preferably, n equals to 100. 

Preferably, the non-coding RNA for inhibiting the Dicer activity is adenovirus 
type 5 VA1 RNA. 

Preferably, the nucleotide sequence of the adenovirus type 5 VA1 RNA is 
shown as follows (SEQ ID NO: 8): 

AGCGGGCACUCUUCCGUGGUCUGGUGGAUAAAUUCGCAAGGGUAUC
AUGGCGGACGACCGGGGUUCGAGCCCCGUAUCCGGCCGUCCGCCGU
GAUCCAUGCGGUUACCGCCCGCGUGUCGAACCCAGGUGUGCGACGUC
AGACAACGGGGGAGUGCUCCUUU. 

Further, in certain embodiments of the present disclosure, the second 
expression cassette further contains an enhancer sequence to enhance the 
expression of the inhibitory components. 

Preferably, the enhancer is either CMV or SV40 enhancer. 

Further, in certain embodiments of the present disclosure, the preservation 
number of the foregoing oncolytic virus is CCTCC NO. V201919. This virus 
has been preserved at China Center for Type Culture Collection (CCTCC) 
situated in Wuhan University, Luojiashan, Wuchang, Wuhan City on April 24, 
2019. 

In a second aspect, the present disclosure further provides another oncolytic 
virus (the second kind of oncolytic viruses), the genome of the oncolytic virus 
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containing following exogenous elements: a target sequence of an interfering 
RNA and an interfering RNA expression cassette, 

wherein the expression cassette contains a promoter and an interfering RNA 
expression sequence, and the interfering RNA expression sequence is used 
for expressing the interfering RNA, which binds to the target sequence. 

In the second kind of oncolytic viruses, the RNA target sequence is inserted 
into the 5’ or the 3’ UTR of one or more than one essential gene in the genome 
of the recombinant oncolytic virus. 

Expression of the interfering RNA is driven by a promoter specific to first 
cells, so as to express RNA in the first cells but not in second cells. 

The first and second cells are different cell types. 

The second kind of oncolytic viruses does not contain the second 
expression cassette. The expression of the interfering RNA from the 
expression cassette thereof is driven by a promoter specific to first cells, which 
drives the expression of the interfering RNA only in the first cells, but not in the 
second cells. In the first cells, the interfering RNA is expressed from the viral 
genome after the cells are infected by the virus and binds to the interfering 
RNA target sequence thus preventing or inhibiting the translation of the 
essential gene(s); As a result, the virus does not replicate and the cells are 
safe. In the second cells, the interfering RNA is not expressed because of lack 
of the promoter activity in the cells, resulting in a robust expression of the 
regulated essential gene, which leads to viral replication and kill the cells. 

The oncolytic virus of the two kinds mentioned above can both achieve 
selective replication in the second cells while leaving the first cells unaffected 
such that normal cells are safe. 

Further, in certain embodiments of the present disclosure, the first cells are 
non-tumor cells of a mammal, and the second cells are tumor cells. 

In a third aspect, the present disclosure provides nucleotide sequences for 
generating the oncolytic virus as described above, the nucleotide sequences 
contain one or more following elements: 

the target sequence, the first expression cassette, and the second 
expression cassette. 

In a fourth aspect, the present disclosure provides methods of constructing 
plasmids for preparing complementing host cells, the parental virus and a 
oncolytic virus as described above. 

Compared to the genome sequence of wild-type virus, an essential gene is 
absent in the genome of the parental virus. 
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The complementing host cells contain a DNA fragment for expressing the 
essential gene, which is absent from the parental virus. 

In a fifth aspect, the present disclosure provides a method of preparing the 
oncolytic virus as described above, comprising integration of a nucleotide 
sequence as described above into the viral genome. 

Further, in certain embodiments of the present disclosure, this preparation 
method comprises: cell culture, virus infection of the complementing cells with 
the parental virus followed by transfection of the cells with plasmid DNA, 
screening and identification of the recombinant oncolytic virus. 

In a sixth aspect, the present disclosure provides use of the oncolytic virus 
as described above for selectively killing cells. 

Further, in certain embodiments of the present disclosure, the cells are 
tumor cells. 

In a seventh aspect, the present disclosure provides a method of killing cells, 
comprising: infection of oncolytic virus target cells with the oncolytic virus as 
described above. 

Further, in certain embodiments of the present disclosure, the target cells 
are tumor cells. 

Further, in certain embodiments of the present disclosure, the method aims 
at non-disease treatment. 

In an eighth aspect, the present disclosure provides a medicine for killing 
cells, which contains the oncolytic virus as described above and a clinically 
acceptable adjuvant. 

Further, in certain embodiments of the present disclosure, the cells are 
tumor cells. 

In a ninth aspect, the present disclosure provides a method of detecting the 
oncolytic virus as described above with detailed steps including: titer 
determination of the oncolytic virus, propagation of the oncolytic virus, 
purification of the oncolytic virus, mRNA expression analysis, protein 
expression analysis, and miRNA expression analysis. 

The present disclosure further provides a method of treating the disease in 
clinic, comprising administration of the oncolytic virus or combinatorial 
therapies containing the virus provided in the present disclosure, wherein the 
disease is derived from the second cells. 

In one or more embodiments, the disease is cancer, and the second cells 
are tumor cells. 

The present disclosure further provides use of the oncolytic virus according 
to the present disclosure for selectively killing cells. 
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In one or more embodiments, the cells are tumor cells. 

Brief Description of the Drawings 

Exemplary features of the present disclosure, its nature and various 
advantages will be apparent from the accompanying drawings and the 
following detailed description of various embodiments. Non-limiting and 
non-exhaustive embodiments are described with reference to the 
accompanying drawings. The sizes and relative positions of elements in the 
drawings are not necessarily drawn to scale. For example, the shapes of 
various elements are selected, enlarged, and positioned to improve drawing 
legibility. The particular shapes of the elements as drawn have been selected 
for ease of recognition in the drawings. One or more embodiments are 
described hereinafter with reference to the accompanying drawings in which 

Fig. 1: Schematic representation of exogenous elements inserted into the 
genome of an oncolytic virus provided in the present disclosure: (a): Elements 
inserted into the genome, wherein the copy number  of the target sequence 
can be one or more; (b): Location of the target sequence inserted into an 
essential viral gene; (c): Expression of the first interfering RNA in the first cells 
(c1), and simultaneous expression of the first and the second interfering RNAs 
in the first cells (c2). The first promoter is a constitutive one, which drives 
continuous expression of interfering RNAs in the first cells. The first interfering 
RNA targets an essential gene(s) by binding to the target sequence inserted 
into the 3’ UTR of one essential gene or genes. The second interfering RNA 
targets the ORF of a non-essential gene. (d): Specific expression of the 
inhibitory components in the second cells, which inhibits the biosynthesis of 
interfering RNAs. The inhibitory components include an interfering RNA and an 
expanded nucleotide triplet repeats’ RNA. 

Fig. 2: Schematic showing of the parental plasmid pcDNA3.1-EGFP unitized 
for constructing a plasmid expressing HSV-1 ICP27. In the plasmid, EGFP is 
constitutively expressed under the control of CMV promoter and the plasmid 
contains the neomycin-resistant gene expression sequence. 

Fig. 3: Schematic of exogenous elements inserted into the genome of the 
oncolytic virus oHSV-BJR in an embodiment of the present disclosure. 

Fig. 4: Expression of EGFP and ICP34.5 miRNA from the oncolytic virus 
oHSV-BJR in normal cells and their inhibition of protein biosynthesis of target 
genes ICP27 and ICP34.5. Vero cells were infected with 0.25 MOI (virus /cell) 
HSV-1 wild-type virus KOS or the oncolytic virus oHSV-BJR. A portion of the 
cells were harvested after one day, and small RNAs were isolated and 
miRNAs detected by Northern blot (A). The remaining cells were collected 
after two days of infection, proteins isolated, and the levels of ICP27 and 
ICP34.5 proteins detected by Western blot (B). 
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Fig. 5: A functional small-interfering-RNA biosynthesis pathway observed in 
tumor cells; significant decrease in Drosha expression and small interfering 
RNA biosynthesis, and robust expression of ICP27 and ICP34.5 seen in the 
oncolytic virus-infected tumor cells. In order to detect whether tumor cells 
possess a functional small-interfering-RNA biosynthesis pathway, cervical 
tumor Hela cells, cervical squamous cancer siHA cells, breast cancer SK-BR3 
cells, and breast cancer ME-180 cells were transfected with an ICP27 
expression plasmid or an ICP27+ target sequence and miRNA co-expression 
plasmid. Cells were collected after two days of transfection, proteins isolated, 
and protein of the essential gene ICP27 of HSV-1 detected by Western blot (A). 
In order to detect whether the expression of the inhibitory triplet repeats and 
Drosha siRNA from the oncolytic virus oHSV-BJR in cancer cells influences 
the expression of Drosha, whether the pathway for small interfering RNA 
biosynthesis is inhibited or abrogated in the oncolytic virus-infected cancer 
cells, and whether ICP27 and ICP34.5 can be robustly expressed from the 
oncolytic virus in cancer cells, cancer cells Hela, SiHA, SK-BR3, and ME-180 
were infected with KOS or the oncolytic virus oHSV-BJR (0.5 MOI), 
respectively. Cells were collected after one day of infection, and small RNAs 
and proteins were isolated. The triplet repeats and Drosha siRNA (B) as well 
as EGFP and ICP34.5 miRNA (D) were detected by Northern blot, while 
Drosha (C), ICP27 and ICP34.5 (E) proteins were detected by Western blot. 

Fig. 6: Similar replication kinetics of oncolytic virus oHSV-BJR and the 
wild-type virus KOS observed in cancer cells. Various cancer cells were 
infected with 0.1 MOI KOS or oHSV-BJR. Cells in media were collected at 
different days after infection, and viruses remaining in the cells were released 
into the culture media through three cycles of freeze and thaw. Complementing 
cells were infected with the viruses, and viral titers determined through plaque 
assay (plaque forming unit/milliliter, PFU/ml). A: cervical tumor Hela cell; B: 
cervical squamous cancer siHA cell; C: breast cancer SK-BR3 cell; and D: 
breast cancer ME-180 cell. 

Fig. 7: Significant inhibition of tumor growth by oncolytic virus oHSV-BJR in 
animal tumor models. Cultured human non-small cell lung cancer A549 cells, 
gastric cancer NCI-N87 cells, and liver cancer SK-HEP-1 cells were 
subcutaneously injected into BALB/c (lung cancer and gastric cancer) or NPG 
(liver cancer) mice; At the day when the tumors grew to 1000 mm3, the tumors 
were dissected, cut into small pieces, and subcutaneously implanted into mice; 
when the tumors grew to 40-120 mm3, intratumoral injection of the virus began. 
A rectal cancer model was established by subcutaneous injection of rectal 
adenocarcinoma HCT-8 cells into BALB/c mice, and when the tumor grew to 
40-120 mm3, intratumoral injection of the oncolytic virus got started.
Intratumoral injection of the oncolytic virus was performed by multiple-point
injection once every 3days for a total of 3 times with a dose of 2×107 infectious
units (suspended in 40 μl PBS) each time. PBS injection served as a negative
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control. After the first oncolytic virus injection, the tumor size was measured 
twice a week, and the study ended 25 to 32 days after the first virus injection 
depending on when animals needed to be euthanized in the negative control. 
A tumor growth curve was made based on the tumor size over the days after 
the first virus injection (A: lung cancer; B: liver cancer; C: gastric cancer; and D: 
rectal cancer), and a relative inhibition rate (E) was calculated by comparing 
the tumor sizes between test group and the negative control at the end of the 
study. 

Detailed Description of the Embodiments 

In order to demonstrate the features of the present disclosure, its nature and 
various advantages, exemplary embodiments were executed and are 
described in details below. All experiments were conducted using standard 
methods as described in literature. Reagents were purchased from 
commercial providers and used according to the instruction of the 
manufacturer. 

As used herein, terms “base sequence” and “nucleotide sequence” can be 
used interchangeably, and generally refer to the composition and order of 
nucleotides arranged in DNA or RNA. 

The term “primer” refers to a synthetic oligonucleotide, which is required for 
de novo nucleic acid synthesis. After binding to a polynucleotide template, the 
primer is extended in 5’ to 3’ direction along the template catalyzed by DNA 
polymerase, hereby producing an extended duplex. Nucleotide addition during 
the extension is determined by the sequence of the template. A primer is 
typically 18-23 nucleotides in length. However, a primer length is determined 
by several factors including the nucleotide composition and the melting point of 
the primer, and the downstream application of the PCR product after amplified. 

The term “promoter” generally refers to a DNA sequence that is located 
upstream of the 5’-UTRof a gene, can be specifically identified and bound to by 
an RNA polymerase, and is required by transcription. 

The term “enhancer” refers to a DNA sequence that increases transcription 
frequency of the gene interlocked therewith. The enhancer enhances the 
transcription by increasing the activity of a promoter. An enhancer may be 
located either at the 5’end or the 3’end of a gene, and even may exist as an 
intron within a gene. An enhancer might significantly affect gene expression, 
which might increase the gene transcription by 10-200 folds, or even by 
thousand times. 

As used herein, the term “interfering RNA” refers to a RNA molecule that can 
binds to its target sequence thus inhibiting the expression of the target gene. 
Interfering RNA molecules comprise, but are not limited to, a short hairpin RNA 
(shRNA), siRNA, microRNA (miRNA), synthesized 21-23 nt RNA duplex. 
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Terms “subject”, “individual”, and “patient” can be used interchangeably 
herein, and refer to a vertebrate, preferably a mammal, most preferably human. 
The mammal comprises, but is not limited to, mouse, ape, human, 
domesticated animal, or farm-raised livestock. 

The features and its nature of the present disclosure are described in detail 
below with reference to examples. 

Example 1 

Generation of a recombinant oncolytic virus 

The oncolytic virus provided in the present example was developed by 
inserting exogenous elements into the genome of herpes virus type-1 (HSV-1) 
wild-type virus KOS by homologous recombination. The genome of this 
oncolytic virus has following structural features. 

(1) Consisting of three elements inserted: EGFP miRNA target sequence
inserted into the 3’ UTR of HSV-1 essential gene ICP27 followed by SV 40 
poly(A), the first expression cassette, and a second expression cassette. The 
target sequence of EGFP miRNA is a small portion of the EGFP coding 
sequence, which is hereinafter referred to as EGFP miRNA target sequence。
The first and second expression cassettes are located between SV40 Poly (A) 
and ICP27 3’ UTR. The first expression cassette expresses both EGFP mina 
and ICP34.5 mina. ICP34.5 mina binds to ICP34.5 ORF. The second 
expression cassette expresses saran to target Dorsa ORF and CGG repeats 
to inhibit Dorsa activity.  . 

(2) The first expression cassette included: CMV promoter, EGFP miRNA
expression sequence (the first miRNA), and ICP34.5 miRNA expression 
sequence (the second interfering RNA followed by SV40 Poly(A) sequence l. 

(3) The second expression cassette including: a hybrid promoter
consisting of tumor specific hTERT promoter fused with a CMV enhancer, the 
inhibitory component expression sequence to simultaneously expresses 
Drosha siRNA and CGG triplet repeats and a Poly(A) sequence located 
downstream the inhibitory component expression sequence. 

This oncolytic virus oHSV-BJR was prepared according to the following 
methods. Firstly, the complementing cells expressing ICP27 were established 
with African green monkey kidney cells (Vero cells) as the starting material, so 
to support the preparation, identification and propagation of the recombinant 
viruses. Secondly, the parental virus HSV-EGP, in which HSV-1 ICP27 is 
replaced by EGFP, was generated by homologous recombination between a 
plasmid and wild-type KOS with the complementing cells as the host. Thirdly, 
oHSV-BJR was generated by homologous recombination between a plasmid 
and the parental virus HSV- with the complementing cells as the host. Detailed 
experimental steps were as follows. 
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(1) Preparation of the complementing cells expressing ICP27

The wild-type herpes virus KOS DNA was used as template, the coding
region of the ICP27 gene was amplified by PCR, and the amplified fragment 
was inserted into the sites of HindIII and XbaI of plasmid pcDNA3.1-EGFP 
(seen in Fig. 2) to replace the ORF of EGFP. The resulting plasmid was named 
as pcDNA3.1-ICP27. In plasmid pcDNA3.1-ICP27, HSV-1 ICP27 gene was 
expressed under the control of CMV promoter. Also, neomycin-resistant gene 
is expressed from plasmid pcDNA3.1-ICP27 in mammalian cells for facilitating 
complementing cell screening. 

Vero cells were treated with G418 of different concentrations, the culture 
medium containing G418 was replaced every three days with media containing 
G418 of different concentrations, and cell death was monitored every day. The 
minimal concentration of G418 required for all cells to dies after 6 days of 
G418 treatment was determined. Such a concentration of G418 (500 µg/ml) 
was utilized for complementing cell establishment. 

3.5×105 Vero cells were seeded into wells of a 6-well cell culture plate and 
cultured overnight in an antibiotic-free media. Cells were transfected with ICP- 
27-expressing plasmid using Lipofectamine 2000 as transfection reagent (4 µg
DNA/well), and harvested 24 hrs after transfection. Cells were diluted using
500 µg/ml G418-containing medium, by 5, 10, 20，40，60-fold. 3ml cells of each
dilution were seeded in wells of 6-well plates. Medium was changed every
three days for a total of 6 to 7 times. When cell clones reached 3-4 mm in
diameter, cell clones picked using a clone cylinder. Cells from each clone were
propagated gradually from a well of a 24-well plate to T150 culture flasks.
Proteins were isolated, and expression of ICP27 from cells derived from each
clone was analyzed using Western blot. Cells with the highest level of ICP27
expression were selected as the complementing cells to support the growth
and replication of replication-defective viruses in which ICP27 are not
expressed; the cells were named as CICP27. The complementing cell has been
preserved at China Center for Type Culture Collection (CCTCC) situated in
Wuhan University, Luojiashan, Wuchang, Wuhan City on April 24, 2019 with a
preservation number of CCTCC NO. C201974.

(2) Generation of the parental virus

The parental virus HSV-EGFP, in which HSV-1 ICP27is replaced by EGFP
gene in the genome, was developed by homologous recombination between a 
plasmid and the wild-type herpes virus KOS. The construction of the parental 
virus was to facilitate the screening of the oncolytic virus in the subsequent 
steps. 

DNA fragment A including the 5’UTR of the ICP27 gene, CMV promoter, the 
EGFP ORF, a bovine growth hormone Poly(A) (BGH Poly(A)), and a 3’UTR of 
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the ICP27 gene was synthesized with the nucleotide sequence shown in SEQ 
ID NO:5. The detailed description of fragment A is given below 

site 1-6: an irrelevant sequence for increasing the terminal length to facilitate 
enzymatic cleavage; 

site 7-12: Xho1 site, C/TCGAG; 

site 13-575: ICP27 5’ UTR; 

site 576-1163: CMV promoter; 

site 1164-1174: spacer; 

site 1175-1180: Kozak sequence for strengthening protein translation; 

site 1181-1900: EGFP ORF; 

site 1901-2144: BGH Poly(A); 

site 2145-2667: ICP27 3’ UTR; 

site 2668-2773: HindIII site, A/AGCTT; and 

site 2774-2779: an irrelevant sequence for increasing the terminal length to 
facilitate enzymatic cleavage. 

The DNA fragment A was cleaved and ligated to the sites of HindIII and 
Xho1 of plasmid pcDNA3.1-EGFP.The resulting plasmid was named as EGFP 
expression plasmid. 

3.5×105 complementing CICP27 cells were seeded into each well of a 
6-wellplate and cultured overnight in an antibiotic-free media. Cells of each
well were infected with 0.1, 0.5, 1 or 3 MOI (virus/cell) wild-type virus KOS and
transfected with the EGFP expression plasmid obtained from the previous step
(4µg DNA/well) using Lipofectamine 2000 as the transfection reagent 1 hr after
infection.

Complete medium was substituted for the transfection mixture in the 6-well 
plate 4 hrs after transfection. After all the cells showed cytopathic expression 
and became rounded, cells in media were harvested. The cell mixtures after 
three cycles of freeze and thaw were centrifuged and supernatants collected. 

The supernatants were diluted, and the complementing CICP27 cells were 
infected by the virus of different dilutions, and viruses separated by plaque 
assay with overlaid semi-solid methyl cellulose as support media. After 4-5 
days of infection, plaques were screened under a fluorescence microscope 
and green plaques picked. And 2 - 3 more rounds of screening were 
conducted until pure green plaques were obtained under a fluorescence 
microscope. The plaque with the brightest green fluorescence was picked and 
propagated using the complementing CICP27 cells as the host. The obtained 
virus was the parental virus HSV-EGFP. 

 18 



 

(3) Construction of ICP27 and regulatory components-containing plasmid

TA cloning plasmid was modified, such that the multiple cloning site in the
plasmid contains an Xho1 site. The resulting plasmid was named as plasmid 
TA-Xho1. 

DNA fragment B containing an ICP27 5’ UTR with the endogenous ICP27 
promoter included, the ICP27 ORF, two copies of the target sequence inserted 
in tandem (a single-copied EGFP miRNA target sequence is shown in SEQ ID 
NO:1 and in Table 1), and SV40 Poly(A) sequence followed by ICP27 3’ UTR 
sequence (the 5’ and the 3’ of the DNA fragment both contain one XhoI site; 
and one HindIII site was inserted between SV40 Poly(A) and the ICP27 3’ UTR 
sequence) , was synthesized; and the nucleotide  sequence of the DNA 
fragment B is shown in SEQ ID NO:6, wherein. The detailed information of 
DNA fragment B is given below. 

site 1-6: an irrelevant extra sequence for increasing the terminal length 
facilitate enzymatic cleavage; 

site 7-12: Xho1 site, C/TCGAG; 

site 13-683: ICP27 5’UTR including ICP27 promoter; 

site 684-2222: ICP27 ORF; 

site 2223-2227: spacer sequence; 

site 2228-2249 and 2253-2274: EGFP miRNA target sequence (SEQ ID 
NO:1); 

site 2250-2252: spacer; 

site 2275-2800: SV40 Poly(A); 

site 2801-2806: HindIII site, A/AGCTT; 

site 2807-3326: ICP27 3’UTR; 

site 3327-3332: Xho1 Site; and 

site 3333-3338:an irrelevant sequence for increasing the terminal length so 
to facilitate enzymatic cleavage. 

The DNA fragment B was cleaved by XhoI, and inserted into the XhoI site of 
the plasmid TA-XhoI. The resulting plasmid was named as plasmid 
TA-XhoI-mICP27. 

DNA fragment C including a CMV promoter, the EGFP miRNA expression 
sequence, the ICP34.5 miRNA expression sequence, BGH Poly(A), the 
hTERT-CMV hybrid promoter, a Drosha siRNA expression sequence, and a 
CGG- triplet-repeat expression sequence followed by SV40 Poly(A),was 
synthesized. DNA fragment C contains one HindIII site at the 5’ and 3’ ends, 
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respectively. The base sequence of DNA fragment C is shown in SEQ ID NO:7, 
with details given as follows: 

site 1-8: an irrelevant sequence for increasing the terminal length to facilitate 
the enzymatic cleavage; 

site 9-14: HindIII site, A/AGCTT; 

site 15-629: CMV promoter; 

site 630-706: EGFP miRNA expression sequence (the sequence shown in 
SEQ ID NO:2 and in table 2); 

site 707-762: an irrelevant sequence serving as spacer; 

site 763-830: ICP34.5 miRNA expression sequence (the sequence shown in 
SEQ ID NO:3 and in table 1); 

site 831-989: an irrelevant sequence serving as spacer; 

site 990-1213: BGH Poly(A) 

wherein the sequence from nucleotide 15 to 1213 represents the first 
expression cassette; 

site 1214-1660 (reverse-complementary): SV40 Poly(A); 

site 1661-1667 (reverse-complementary): an irrelevant sequence serving as 
spacer; 

site 1668-1967 (reverse-complementary): CGG triplet repeats (the general 
formula of the triplet repeats is (CGG)100; 

site 1968-1976 (reverse-complementary): an irrelevant sequence serving as 
spacer; 

site 1977-2026 (reverse-complementary): Drosha siRNA expression 
sequence (sequence shown in SEQ ID NO:4, and in Table 1 f); 

site 2027-2044 (reverse-complementary): an irrelevant sequence serving as 
spacer; 

site 2045-2152 (reverse-complementary): CMV enhancer; 

site 2153-2608(reverse-complementary): hTERT promoter; 

sequence from nucleotide 214 to 2608 represents a second expression 
cassette (reverse-complementary); 

site 2609-2614:HindIII site, A/AGCTT; 

site 2615-2622: irrelevant sequence for increasing the terminal length to 
facilitate enzymatic cleavage. 

 20 



 

DNA fragment C was cleaved by HindIII and inserted into the HindIII site of 
plasmid TA-XhoI-mICP27 obtained from the previous step to produce a 
plasmid TA-XhoI-mICP27-REG-RNA for preparing a recombinant oncolytic 
virus. 

Table 1 
name sequence (5’-3’) SEQ ID NO: 
EGFP miRNA target sequence CAAGCTGACCCTGA

AGTTCATA 
1 

EGFP miRNA (first interfering 
RNA in the present example) 

AUGAACUUCAGGG
UCAGCUUG 

2 

ICP34.5 miRNA (second 
interfering RNA in the present 
example) 

CUUGCCUGUCUAA
CUCGCUAGU 

3 

Drosha siRNA (third interfering 
RNA in the present example) 

CUUGCUGAAUACU
UGGUCCUUGGUG 

4 

(4) Construction of oncolytic herpes virus oHSV-BJR

An oncolytic herpes virus was constructed by homologous recombination
between plasmid TA-XhoI-mICP27-REG-RNAand the parental virus 
HSV-EGFP in complementing CICP27 cells. 

The manipulations were as follows. 

3.5×105 complementing CICP27 cells were seeded into a 6-well cell plate and 
cultured overnight in an antibiotic-free media . The cells of each well were 
infected with0.1, 0.5, 1or 3 MOI the parental virus HSV-EGFP, respectively 
and transfected with the recombinant plasmid TA-XhoI-mICP27-REG-RNA 
(4µg DNA/well) using Lipofectamine 2000 as the transfection reagent 1 hr later. 
Complete medium was substituted for the transfection mixture 4 hrs after 
transfection. After all the cells showed cytopathic expression, and became 
rounded, cells in media harvested. The cell mixtures after three cycles of 
freeze and thaw were centrifuged and supernatants collected. The 
supernatants were diluted, and complementing CICP27 cells were infected by 
diluted viruses. Viruses were separated by plaque assay with overlaid 
semi-solid methyl cellulose as support media. After 4-5 days of incubation, 
plaques were screened under a fluorescence microscope and black plaques 
picked. 2 - 3 more rounds of screening were conducted until pure plaques 
were obtained under a fluorescence microscope. Viruses from several pure 
plaques were propagated using complementing CICP27 cells as the host. 
Infected cell DNA was isolated. The recombinant virus was identified by PCR 
amplification using specific primers and sequencing. The recombinant virus 
was named as oHSV-BJR. 

Oncolytic virus oHSV-BJR has been preserved at China Center for Type 
Culture Collection (CCTCC) situated in Wuhan University in Luojiashan, 
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Wuchang, Wuhan City on April 24, 2019 under the preservation number 
CCTCC NO. V201919. 

The exogenous elements inserted and their locations in the genome are 
shown in Fig. 3: 

the EGFP miRNA target sequence and SV40 Poly(A) sequence were 
inserted into the 3'UTR of the essential gene ICP27; 

the first expression cassette was located downstreamSV40 Poly(A) 
sequence, including CMV promoter, the EGFP miRNA expression sequence, 
the ICP34.5 miRNA expression sequence, and BGH Poly(A); and 

the second expression cassette, was located downstream the first 
expression cassette, including a hTERT-CMV hybrid promoter, the Drosha 
siRNA expression sequence, the CGG-triplet-repeat expression sequence, 
and SV40 Poly(A) sequence (the second expression cassette is 
reverse-complementary relative to the first expression cassette). 

Example 2 

Titer analysis, propagation and purification of the oncolytic virus; miRNA, 
mRNA, and protein expression analysis; and tumor cell killing test 

(1) Titer determination of the oncolytic virus oHSV-BJR

3.5×105 complementing CICP27 cells were seeded into a 6-well plate and
cultured overnight in complete media. A serial of 10-fold dilutions of the virus 
stock obtained from example 1 was performed, and the cells in wells infected 
with 0.1 ml of virus of each dilution, respectively. The media in wells was 
aspirated 1 hr later and 3 ml of complete medium containing 1.25% methyl 
cellulose added to each well. The cells were incubated at 37oC in a 5% CO2 
incubator for 4-5 days.0.1% crystal violet prepared in 50% methanol and 50% 
ethanol was added to the wells and washed to remove the dye by tap water, 
and plaques counted. Virus titer (PFU/ml) was calculated. 

(2) Propagation of oncolytic virus oHSV-BJR

5.5×106 complementing CICP27cells were seeded into a 150 ml culture flask
and cultured overnight. Cells were infected with 0.03 MOI (virus number/cell) 
oncolytic virus oHSV-BJR obtained from example 1, and incubated at 37oC in 
a CO2 incubator, until at least 90% of cells showed cytopathic expression. 
Cells in media were harvested. The cell mixture was the crude virus stock. 

(3) Purification of the oncolytic virus oHSV-BJR

The crude stock of oncolytic virus oHSV-BJR underwent three times of
freeze and thaw at -80°C/37°C and clarified at 4oC by low centrifugation, and 
the supernatant collected. The supernatant was filtered and concentrated by 
0.6 µM hollow fiber, followed by ultra-filtration and concentration using 0.1 µM 
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hollow fiber. Subsequently, the virus stock was further purified by heparin 
affinity chromatography. The pure virus was concentrated using an additional 
0.1µM hollow fiber. 

(4) mRNA expression analysis

Cells were harvested, and RNA isolated by using Qiagen RNA purification
kit. cDNA was synthesized with Thermofisher reverse transcription reagent. 
And ICP27 and ICP34.5 mRNA levels were analyzed by semi-quantitative 
PCR (20 cycles of PCR) using ICP27 or ICP34.5 specific primers.β-actin 
served as the loading control. 

(5) Protein expression analysis

Cells were harvested, washed by 1 x PBS, and collected by centrifugation.
Proteins were isolated using RIPA buffer solution. Protein concentration was 
measured by BCA using BSA as standard to make the standard curve. 
Proteins were separated on a 4%-20% gradient SDS-PAGE gel and 
transferred to a PVDF membrane. The membrane was blocked by 5% powder 
milk prepared in 0.05% Tween 20-containg PBS, subsequently incubated with 
primary antibodies prepared in 2.5% powder milk-containing PBST at room 
temperature for 2 hrs. The immunoblot was washed by PBST for 3 times, and 
incubated with secondary antibodies prepared in a 2.5% powder 
milk-containing PBST at room temperature for 1 hr. The membrane was 
incubated with chemiluminescent substrates from Piece, and the protein bands 
were visualized using ChemiDoc (Bio-Rad). β-actin was used as the loading 
control. 

(6) miRNA expression analysis

miRNA was isolated using Thermofisher pure miRNA isolation kit, RNA
probes was labeled using the DIG RNA labeling kit from Roche, and miRNA 
analyzed by Northern blotting. 

(7) Tumor cell culture

Cervical cancer cells Hela, cervical squamous cancer cells siHA breast
cancer cells SK-BR3, and breast cancer cells ME-180 were all purchased from 
ATCC, USA. Hela, siHA and ME-180 were cultured in DMEM supplemented 
with 7.5% fatal bovine serum (FBS) and 1× penicillin/streptomycin. SK-BR3 
was cultured in McCoy media supplemented with 7.5% FBS and 1× 
penicillin/streptomycin. Cells were passaged every three days for 
maintenance. 

Example 3 

Introduced miRNAs were expressed from oHSV-BJ and significantly 
affected the expression of the targeted gene 
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 In order to examine whether miRNAs are expressed from oncolytic virus 
oHSV-BJR in normal cells as expected and affect the expression of target viral 
genes, Vero cells were infected with 3 MOI oncolytic virus oHSV-BJR or 
wild-type virus KOS. Cells were harvested 1 day after infection, small RNAs 
and proteins were isolated. EGFP and ICP34.5 miRNA were assayed by 
Northern blot, respectively while HSV-1 ICP27 and ICP34.5 proteins were 
analyzed by Western blot using ICP27 and ICP34.5-specific antibodies. 

No EGFP primary miRNA (pri-miRNA), EGFP precursor miRNA 
(pre-miRNA), and EGFP mature miRNA were detected in wild-type 
KOS-infected cells. However, ICP34.5-specific pri-miRNA, pre-miRNA, and 
mature miRNA were all expressed to an easily detectable level with more 
pre-miRNA and mature miRNA observed compared to pri-miRNA, a 
phenomenon which is consistent with literature reports that host cells encodes 
a miRNA against ICP34.5 to restrict HSV-1 replication. pri-miRNA, pre-miRNA, 
and mature miRNA of both EGFP and ICP34.5 were all expressed to a 
detectable level in oHSV-BJR infected cells with much more EGFP and 
ICP34.5 pre-miRNA and mature miRNA than pri-miRNA seen. Moreover, 
ICP34.5 pre-miRNA and mature miRNA levels in the oncolytic virus-infected 
cells were much higher than those seen in KOS-infected cells (Fig. 4A). Both 
ICP27 and ICP34.5 proteins were produced to an easily detectable level in 
KOS-infected cells. However those two proteins were below the detection limit 
in oHSV-BJR infected cells (Fig. 4B). Those results indicate that introduced 
EGFP and ICP34.5miRNAs, were robustly expressed from oncolytic virus 
oHSV-BJR in normal cells and inhibit the expression of targeted viral genes 
significantly. 

Example 4 

Tumor cells possess a functional interfering RNA biosynthesis pathway; a 
trace amount of Drosha was produced while interfering RNA biosynthesis 
significantly was inhibited or completely abrogated in oncolytic virus 
oHSV-BJR-infected tumor cells. As a result, the targeted genes were robustly 
expressed in oncolytic virus oHSV-BJR-infected cells with expression levels 
similar to those seen in wild-type virus KOS infected cells. 

In order to examine whether tumor cells have a functional 
small-interfering-RNA biosynthesis pathway, tumor Hela, siHA SK-BR3, or 
ME-180 cells were transfected with an ICP27-expressing plasmid or ICP27 
with target sequence and miRNA co-expression plasmid, respectively. Cells 
were harvested two days after transfection, and proteins isolated. ICP27 
protein was analyzed by Western blot using ICP27 specific antibody. 

In order to determine whether the expression of Drosha siRNA and the 
inhibitory triplet repeats from oncolytic virus oHSV-BJR in tumor cells affect the 
expression of Drosha, inhibit or abrogate interfering RNA synthesis in the cells, 
and whether ICP27 and ICP34.5 can be robustly expressed from the oncolytic 

 24 



 

virus in tumor cells. Tumor Hela, siHA, SK-BR3, or ME-180 cells were infected 
with 0.5 MOI KOS or oncolytic virus oHSV-BJR, respectively. Cells were 
harvested 2 days after infection, and small RNAs and proteins were isolated. 

The triplet repeats and Drosha siRNA as well as EGFP and ICP34.5 
miRNAs were detected by Northern blot, while Drosha, ICP27 and ICP34.5 
proteins were analyzed by Western blot. 

Expression of EGFP miRNA inhibited the expression of ICP27 from ICP27 
with target sequence and miRNA co-expression plasmid (Fig. 5A). Drosha pri- 
RNA and CGG triplet repeats were expressed to an easily detectable level (Fig. 
5B) in all the four oncolytic virus-infected tumor cells, but the amounts of both 
Drosha pre-siRNA and mature siRNA were below the detection level (the 
results not shown).Drosha protein reached a detectable level in all the four 
tumor cells infected with wild-type virus KOS, but in all the four oncolytic 
virus-infected tumor cells, the Drosha protein level was very low (Fig. 5C). The 
EGFP and ICP34.5pri-miRNA reached a detected level, while the levels of 
EGFP and ICP34.5 pre-miRNA and mature miRNA were all very low or could 
not be detected (Fig. 5D). Correspondingly, ICP27 and ICP34.5 proteins in 
oHSV-BJR-infected tumor cells were expressed to a level basically identical to 
that seen in the cells infected with KOS (Fig. 5E). The results showed that in 
oncolytic virus oHSV-BJR infected tumor cells, the interfering RNA synthesis 
pathway was inhibited or completely abrogated, and the target viral genes of 
oHSV-BJR could be robustly expressed with an efficiency similar to that 
observed with wild-type virus KOS. 

Example 5 

Oncolytic virus oHSV-BJR possesses a replication capacity similar to that 
seen with wild-type virus KOS in cancer cells 

In order to understand the mechanism by which the oncolytic virus kills 
cancer cells, the replication ability of the virus in tumor cells was evaluated. 4 
cancer cells including cervical tumor Hela cells, cervical squamous cancer 
siHA cells, breast cancer SK-BR3 cells, and breast cancer ME-180 cells were 
infected with 0.1 MOI KOS or oHSV-BJR, respectively. Cells in media were 
harvested at different days after infection. Viruses remaining in the cells were 
released into the media by three cycles of freeze and thaw at -80/37oC and 
virus stocks clarified by low-speed centrifugation. Complementing cells were 
infected with the viruses, and viral titers determined by plaque assay (plaque 
forming unit/milliliter, PFU/ml). Although the recombinant virus oHSV-BJR 
propagated at different rates in Hela (Fig. 6A), siHA (Fig. 6B), SK-BR3 (Fig. 
6C), and ME-180 (Fig. 6D), the replication kinetics of the recombinant virus in 
each cell type was basically identical to that observed with KOS. 

Example 6 
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Oncolytic virus oHSV-BJR like the wild-type virus KOS killed tumor cells 
effectively. 

In order to analyze the activity of oncolytic virus oHSV-BJR to kill tumor cells, 
tumor cervical Hela cells, cervical squamous cancer siHA cells, breast cancer 
SK-BR3 cells, or breast cancer ME-180 cells were infected with 0.25 or 0.5 
MOI wild-type KOS or oHSV-BJR, respectively. Cell viability was analyzed at 
different days after infection and cell death rates calculated. More cells died 
with a MOI used for oncolytic virus infection increasing any day after infection 
for all the four tumor cells. Cell death rate was different from one cell type to 
another at a given day after oncolytic virus infection, but the overall killing 
profile of tumor cells by the oncolytic virus was similar or even identical to that 
seen in cells infected with KOS for a given cell type (Tables 2 through 5) .  

Table 2 A basically identical killing efficiency observed in both oHSV-BJR 
and KOS-infected Hela cells. 

(Cell death rate shown by %) 
MOI time oHSV-BJR KOS 

0.25 

Day 1 45±5 50±3 
Day 2 60±4 65±4 
Day 3 70±5 80±3 
Day 4 95±2 100 

0.5 

Day 1 50±4 65±2 
Day 2 65±3 75±3 
Day 3 80±5 90±3 
Day 4 100 100 

Table 3 No significant difference in cell killing seen between oncolytic and 
KOS infected siHA cells 

(Cell death rate shown by %) 
MOI time oHSV-BJR KOS 

0.25 
Day 1 88±3 90±5 
Day 2 96±2 100 
Day 3 100 100 

0.5 
Day 1 95±2 95±3 
Day 2 99±1 100 
Day 3 100 100 

Table 4 Similar cell-killing profiles seen in both oncolytic virus-infected and 
KOS infected SK-BR3 cells 

(Cell death rate shown by %) 

MOI time oHSV-BJR KOS 
Day 1 88±3 90±3 
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0.25 Day 2 96±2 100 
Day 3 100 100 

0.5 
Day 1 95±2 95±2 
Day 2 99±1 100 
Day 3 100 100 

Table 5. Almost identical killing efficiency observed in both oncolytic 
virus-infected and KOS infected ME-180 tumor cells 

(Cell death rate shown by %) 
MOI time oHSV-BJR KOS 

0.25 
Day 1 85±3 95±3 
Day 2 100 100 
Day 3 100 100 

0.5 
Day 1 99±4 95±2 
Day 2 100 100 
Day 3 100 100 

Example 7 

Oncolytic virus oHSV-BJR is safe to normal cells. 

In order to evaluate whether oncolytic virus is safe to normal cells, Vero cells 
or primary human corneal epidermal cells were infected with 2 MOI oncolytic 
virus oHSV-BJR (2 MOI) or 0.5 MOI KOS. Cell viability of oHSV-BJR infected 
and mock infected (untreated) cells was examined 3 days after infection, and 
the viability of the cells infected with the wild virus KOS was assayed 2 days 
after infection.  

All Vero cells and primary human corneal epidermal cells died 2 days after 
KOS infection (Table 6). A marginal portion of Vero and primary human 
corneal epidermal cells died any day after oncolytic virus infection (Table 6), 
and the survival rate of the cells was still as high as 95%, which was basically 
identical to that observed in the untreated cells. Those results indicated 
oncolytic virus oHSV-BJR obtained in example 1 is relatively safe to normal 
cells. 

Table 6 Killing of normal cells by KOS but not by oncolytic virus. 

(Cell survival rate shown in %) 

Example 8 

Oncolytic virus oHSV-BJR significantly inhibited the growth of lung, gastric 
cancer, liver, and rectal tumor in animals. 

virus oHSV-BJR KOS untreated 
Vero cell 92±3 0 95±5 
corneal epidermal cell 95±3 0 97±3 
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In order to evaluate the effectiveness and the broad spectrum of oncolytic 
virus oHSV-BJR in tumor treatment, mouse tumor models for human lung, 
gastric, liver and colon tumors were established. In vitro cultured human 
non-small cell tumor A549, gastric tumor NCI-N87, and liver cancer SK-HEP-1 
cells were subcutaneously injected into BALB/c (lung and gastric tumors) or 
NPG (liver tumor) mice. When the tumors grew to 800-1000 mm3, the tumors 
were dissected, cut into 30 mm3pieces, and then implanted into mice. When 
the tumors grew to 40-120 mm3, intratumoral injection of oncolytic virus 
oHSV-BJR was initiated. 

The rectal tumor model was established by directly subcutaneous injection 
of cultured rectal adenocarcinoma HCT-8cells into a BALB/c mouse. When the 
tumor grew to 40-120 mm3, intratumoral injection of oncolytic virus oHSV-BJR 
got started. 

Intratumoral injection of oncolytic virus oHSV-BJR was performed by 
multiple-point injection once every three days for a total of three times with 
2×107 infectious units suspended in 40 μl PBS injected each time. Each group 
in each model included 8 animals and injection of 40 μl PBS served as a 
negative control. Tumor volume was measured twice a week after the first 
virus injection, and the study lasted for 25 to 32 days after the first virus 
injection depending on when animals in control group needed to be euthanized. 
A tumor growth curve of tumor volume over days after the first virus injection 
was made and the relative inhibition rate calculated by comparing the tumor 
volume in test group to the tumor volume in the control group. 

The tumor volume of animals in test group was smaller than that observed in 
the control group starting from the 8th day or so after the first virus injection 
（Fig7. A: lung tumor； B: liver tumor; C: gastric tumor and D: rectal tumor). 
The difference in tumor volumes between the virus-injected and control groups 
increased with the days after the first virus injection increasing. The inhibition 
rates of the oncolytic virus on the growth of lung, liver, gastric and rectal 
tumors at the end of study were 52.2, 19.5, 45.2, 64.6%, respectively.  

In summary, the inventor believes the major issues of currently available 
oncolytic virus, i.e. low efficiency in tumor treatment for a given tumor type and 
a small suited patients’ population for a given virus, are attributable to the 
caveats’ associated with their design strategies: Selective replication of 
currently available oncolytic viruses in tumor cells is achieved at the expenses 
of viral replication. 

Oncolytic viruses are currently designed mainly utilizing the following three 
strategies: 

1) Oncolytic viruses are generated by deleting one or more nonessential
viral genes, which are required for the viral replication in normal cells but not 
needed for the virus in tumor cells thus allowing for the virus to selectively 
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replicate in tumor cells and eventually kill them. Normal cells encode multiple 
mechanisms to restrict viral infection while each virus encodes one or more 
gene products to antagonize the host’ antiviral defense, thus allowing the virus 
to replicate in normal cells. Deletion of such viral gene(s) from the viral 
genome renders the virus mutants (oncolytic viruses) unable to propagate in 
normal cells while those mutants still maintains the ability to replicate in tumor 
cells because anti-viral functions are impaired in numerous tumor cells due to 
various reasons. In order to ensure the safety of an oncolytic virus to normal 
cells, more than one gene is needed to be deleted. But such a mutant virus 
generally replicates poorly in various tumor cells since only one anti-viral 
function or two are missing or impaired among multiple defensive mechanisms 
for any given tumor cell-type. Studies have demonstrated an oncolytic virus 
generated by this strategy replicates with a rate from several folds to one order 
of magnitude slower than that observed for wild-type virus in tumor cells in vitro, 
and the replication rate of such an oncolytic virus might be slower than 
wild-type virus by 1-3 orders of magnitude in tumors in animal. Also, clinical 
studies have shown that the therapeutic benefits of such an on colytic virus are 
generally not satisfactory. A majority of currently available oncolytic viruses 
were generated using this strategy with or without minor modifications 

2) Oncolytic viruses are generated by putting the expression of one or
two viral essential genes under the control of a tumor-specific promoter. An 
oncolytic virus generated using this strategy is no doubt safe to normal cells 
since a tumor-specific promoter is not active in normal cells, thus resulting in 
no viral replication due to no regulated gene product produced. Oncolytic 
viruses of this kind have an advantage over the oncolytic viruses created using 
the first strategy, i.e. oncolytic viruses of this kind possess an intact genome. 
But such oncolytic viruses are inherently associated with a viral 
replication-related issue, i.e. disruption of a highly-coordinated order of viral 
gene expression. Viral genes are divided into several categories according to 
temporal order of gene expression after infection. Genes of each category are 
expressed with the expression lasting only for a short period of time, followed 
by the expression of the genes of the next category to ensure the temporal 
expression of viral genes. A tumor-specific promoter drives a continuous 
expression of the regulated viral gene(s) from an oncolytic viral genome in 
tumor cells, which definitely interferes with the timely initiation of expression of 
the gene(s) of the next class, thus resulting in impaired viral replication of the 
oncolytic virus in tumor cells. One can anticipate an oncolytic virus generated 
by this strategy should not replicate well in numerous tumor cells, and in vitro 
and in vivo studies have shown that is the case in vitro and in vivo. Up to now, 
a few of oncolytic viruses have been generated using this strategy. 

3) Oncolytic viruses are generated by inserting a tissue-specific miRNA
target sequence into the 3’ UTR of a viral essential gene. A tissue-specific 
miRNA might be over-expressed in normal cells while no such a miRNA is 

29 



 

produced or such production is highly impaired in tumor cells. Therefore, 
insertion of a miRNA target sequence into the 3’ UTR of a viral essential gene 
could result in no or impaired production of the regulated viral gene product 
from the virus leading to no or severely impaired viral replication in normal cells 
while the virus can replicate in tumor cells. The following two issues might be 
intrinsically associated with an oncolytic virus developed using this strategy: 1) 
Such an oncolytic virus could be used only for treatment of a specific tumor 
type with a limited patient population；2 the therapeutic benefits might be 
limited because for any given tumor type, miRNA production might be impaired 
but not abrogated, thus leading to a limited viral replication in tumor cells. Only 
a limited number of oncolytic viruses have been developed using this strategy. 
 Oncolytic viruses generated using above-mentioned strategies have been 
shown to be safe in clinic and each virus could be potentially used for 
treatment of various tumors. But currently available oncolytic viruses generally 
perform poorly. In order to overcome the weaknesses associated with currently 
available oncolytic viruses, and fulfill the potential of an oncolytic virus in 
treatment of tumors, we exploited a novel strategy as described in this 
disclosure to develop effective and broad-spectrum oncolytic viruses for tumor 
treatment. The basic concept of the strategy is to insert exogenous elements 
into a viral genome and utilize the inserted elements to regulate the protein 
production of one or more viral genes. The oncolytic viruses generated by this 
strategy maintain two essential features required for robust viral replication, 
which are generally absent from a majority of currently available oncolytic 
viruses: 1) intact viral genome with no single nucleotide deleted or replaced 
from the genome. This is critical for robust viral replication since each gene 
product, is directly or indirectly involved in or contributes to viral replication; 2) 
expression of viral genes in a temporally-coordinated manner. Viral genes are 
divided into several categories according to the order of gene expression after 
infection. Genes of each category are expressed with the expression lasting 
only for a short period of time, followed by the expression of the genes of the 
next category. Disruption of such an order, for example by utilizing a cellular or 
tumor-specific promoter to drive the expression of a viral gene, could result in 
severely impaired viral replication. For oncolytic viruses generated using our 
strategy, once the regulated genes are expressed, their expression is driven 
by their endogenous promoters, thus maintaining the temporal order of all the 
viral gene expression to ensure effective viral replication. The inserted 
sequences utilized for generation of the oncolytic viruses using our strategy 
basically include three elements: 1) interfering RNA target sequence inserted 
into the 5’ or 3’ UTR of one, two or more viral essential genes; 2) the first 
expression cassette, which expresses the first interfering RNA in the first cells; 
and 3) the second expression cassette, which specifically expresses inhibitory 
components in second cells that interferes with or abrogates interfering RNA 
biosynthesis pathway. In the first cells, the first interfering RNA, which can be 
either siRNA or miRNA, is constitutively expressed from the first expression 
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cassette, thus targeting the interfering RNA target sequence located at the 5’ 
or 3’UTR of the mRNA of the regulated viral gene leading to no protein or a 
trace amount of protein produced. As a result, the virus does not replicate in 
these cells or replicates poorly. In the second cells, a fusion promoter, which 
consists of a tumor-specific promoter fused with an enhancer, drives the 
expression of inhibitory components from the second expression cassette to 
both interfere with the biosynthesis and inhibit the activity of the enzyme(s) 
involved in interfering RNA biosynthesis pathway, thus resulting in no 
interfering RNA or a tracer amount of interfering RNA produced in those cells 
leading to robust expression of the regulated gene(s) and viral replication. In 
order to enhance the safety of the oncolytic viruses, in certain embodiments, 
more than one copy of the interfering RNA target sequence is inserted in the 5’ 
or 3’ UTR of one viral essential gene；in certain embodiments, the interfering 
RNA target sequence are inserted in the 5’ or 3’ UTR of more than one viral 
essential gene; or alternatively, in certain embodiments, a second interfering 
RNA, which targets the ORF of a non-essential viral gene is expressed from 
the first expression cassette when the first interfering RNA target sequence is 
inserted into the 5’ or 3’ UTR of one viral essential gene to ensure no viral 
replication in the first cells. To expand the clinic application of the oncolytic 
viruses, a fusion promoter consisting of a tumor–specific promoter being active 
in a variety of tumor cells and an enhancer is chosen to drive the expression of 
inhibitory components from the second expression cassette to both interfere 
with the biosynthesis and inhibit the activity of the enzyme(s) involved in 
interfering RNA biosynthesis pathway. A tumor-specific promoter dictates the 
expression of the inhibitory components specifically in tumor cells. A 
tumor-specific promoter being active in a variety of tumor cells such as hTERT 
promoter, which has been shown to be active in 85-90% of tumor cells tested, 
is chosen to ensure the inhibitory components can be expressed from the 
viruses in a majority of tumor cells. Addition of an enhancer to form a fusion 
promoter is to ensure the sufficient expression of the inhibitory components 
even in the tumor cells in which the activity of the tumor-specific promoter is 
low. Compared to all the strategies used for generating oncolytic viruses, ours 
as described in this disclosure is totally different and brand new. And the safety 
and efficacy of the oncolytic virus generated using this strategy have been 
demonstrated in vitro and in animals by exemplary embodiments. 

The above-mentioned embodiments were executed to simply demonstrate 
the concepts and the idea provided in the present disclosure, which was not 
intended to identify key or essential features of the claimed subject matter, nor 
was it intended to limit the scope of the claimed subject matter. The present 
disclosure may be modified and changed in various ways known to a person 
skilled in the art. Modifications, substitutions, and combinations made based 
on the present disclosure shall all be covered in the scope of protection of the 
present disclosure. 
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Industrial Applicability 

The oncolytic virus provided in the present disclosure can selectively kill 
target cells (such as tumor cells) through selective replication, but does not 
affect non-target cells (such as normal cells). In particular, the oncolytic virus 
generated using the strategy provided in the present disclosure can be applied 
to cancer treatment. 
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Claims: 

1. An oncolytic virus, wherein the genome of the oncolytic virus contains
following exogenous elements:

(1) the first expression cassette containing the first promoter and the
first interfering RNA expression sequence; 

(2) the target sequence; and

(3) the second expression cassette,

wherein the first interfering RNA expression sequence is used to
express the first interfering RNA binding to the target sequence; the first 
interfering RNA expression sequence is driven by the first promoter so as 
to express the first interfering RNA in first cells; 

the target sequence is located at the 5’ or 3’ non-coding region of an 
essential gene required for replication of the oncolytic virus; 

the second expression cassette contains the second promoter and an 
inhibitory component expression sequence, wherein the inhibitory 
component expression sequence is used to express inhibitory 
components, the inhibitory components are used to inhibit the 
biosynthesis and/or the bioactivity of the enzymes, involved in the 
biosynthesis of interfering RNA; and the inhibitory component expression 
sequence is driven by the second promoter so as to express the inhibitory 
components in second cells, rather than in the first cells; and 

the first and the second cells are different cell types. 

2. The oncolytic virus of claim 1, wherein the first expression cassette further
contains a second interfering RNA expression sequence for expressing a
second interfering RNA, the second interfering RNA acts on the open
reading frame of a nonessential gene, which is not needed for the virus to
replicate in vitro, so as to interfere with expression of the nonessential
gene, and the second interfering RNA expression sequence is expressed
under the control of the first promoter.

3. The oncolytic virus of claim 2, wherein the first interfering RNA and the
second interfering RNA can be either a small interfering RNA or
microRNA.

4. The oncolytic virus of claim 2, wherein

the second cells are tumor cells of a mammal, and the first cells are 
non-tumor cells of the mammal; 

preferably, the mammal is human; and 
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preferably, the tumor cells are lung cancer cells, liver cancer cells, 
breast cancer cells, gastric cancer cells, prostate cancer cells, brain tumor 
cells, human colon cancer cells, cervical cancer cells, renal cancer cells, 
ovarian cancer cells, head and neck cancer cells, melanoma cells, 
pancreatic cancer cells, or esophageal cancer cells. 

5. The oncolytic virus of claim 2, wherein the target sequence is a short
sequence selected from a gene of a non-mammal;

preferably, the target sequence, which is 19-23 nucleotides in length, 
is selected from the open reading frame of a gene of the non-mammal; 

preferably, fish, or plant; and 

preferably, the gene of the non-mammal is selected from the group 
consisting of green fluorescent protein gene derived from jellyfish, 
β-galactosidase gene derived from Escherichia coli, and luciferase gene 
derived from firefly. 

6. The oncolytic virus of claim 5, wherein the target sequence is shown in
SEQ ID NO:1, and the sequence for the first interfering RNA is shown in
SEQ ID NO:2.

7. The oncolytic virus of claims 1 through 6, wherein the target sequence is
inserted into the 5’ or 3’ non-coding regions of one or more essential
genes of the recombinant oncolytic virus; and

preferably, one or more copies of the target sequence are inserted at 
either insertion site. 

8. The oncolytic virus of claim 7, wherein the oncolytic virus is selected from
a variety of viruses including herpes simplex virus, adenovirus, vaccinia
virus, Newcastle disease virus, poliovirus, coxsackie virus, measles virus,
mumps virus, vacciniavirus, vesicular stomatitis virus, and influenza virus,

preferably, when the oncolytic virus is the herpes simplex virus, the 
essential gene is selected from the group consisting of envelope 
glycoprotein L, uracil DNA glycosylase, capsid protein, helicase 
proenzyme subunit, DNA replication initiation binding unwindase, derived 
protein of myristic acid, deoxyribonuclease, coat serine/threonine protein 
kinase, DNA packaging terminase subunit 1, coat protein UL16, DNA 
packaging protein UL17, capsid triplex subunit 2, major capsid protein, 
envelope protein UL20, nucleoprotein UL24, DNA packaging protein UL25, 
capsid mature protease, capsid protein, envelope glycoprotein B, 
single-stranded DNA-binding protein, DNA polymerase catalytic subunit, 
nuclear egress layer protein, DNA packaging protein UL32, DNA 
packaging protein UL33, nuclear egress membrane protein, large capsid 
protein, capsid triplex subunit 1, ribonucleotide reductase subunit 1, 
ribonucleotide reductase subunit 2, capsule host shutoff protein, DNA 

 34 



 

polymerase processing subunit, membrane protein UL45, coat protein 
VP13/14, trans-activating protein VP16, coatprotein VP22, envelope 
glycoprotein N, coat protein UL51, unwindase-primaseprimase subunit, 
envelope glycoprotein K, ICP27, nucleoprotein UL55, nucleoprotein UL56, 
transcription regulation factor ICP4, regulatory protein ICP22, envelope 
glycoprotein D and membrane protein US8A; and the nonessential gene 
is selected from the group consisting of ICP34.5, ICP0, nucleoprotein UL3, 
nucleoprotein UL4, helicase proenzyme helicase subunit, cuticular protein 
UL7, envelope glycoprotein M, coat protein UL14, coat protein UL21, 
envelope glycoprotein H, thymidine kinase, DNA packaging terminating 
enzyme subunit 2, small capsid protein, coat protein UL37, envelope 
protein UL43, envelope glycoprotein C, coat protein VP11/12, uracil 
deoxyribosidetriphosphatase, ICP0, viral protein US2, serine/threonine 
protein kinase U3, membrane G glycoprotein, envelope glycoprotein J, 
envelope glycoprotein I, envelope glycoprotein E, membrane protein US9, 
viral protein US10, cuticular protein Us11, and ICP47; 

preferably, when the oncolytic virus is adenovirus, the essential gene 
is selected from the group consisting of early protein 1A, early protein 1B 
19K, early protein 1B 55K, encapsidation protein Iva2, DNA polymerase, 
terminal protein precursor pTP, encapsidation protein 52K, capsid protein 
precursor pIIIa, pentomer matrix, core protein pVII, core protein precursor 
pX, core protein precursor pVI, hexonmer, proteinase, single-stranded 
DNA-binding protein, hexamer assembly protein 100K, protein 33K, 
encapsidation protein 22K, capsid protein precursor, protein U, fibrin, 
open reading frame 6/7 of regulatory protein E4, regulatory protein E4 34K, 
open reading frame 4 of regulatory protein E4, open reading frame 3 of 
regulatory protein E4, open reading frame 2 of regulatory protein E4, and 
open reading frame 1 of regulatory protein E4; and the nonessential gene 
is selected from the group consisting of capsid protein IX, protein 13.6K, 
core protein V, regulatory protein E3 12.5K, membrane glycoprotein E3 
CR1-α, membrane glycoprotein E3 gp19K, membrane glycoprotein E3 
CR1-β, membrane glycoprotein E3 CR1-δ, membrane glycoprotein E3 
RID-δ, and membrane glycoprotein E3 14.7K; 

preferably, when the oncolytic virus is vaccinia virus, the essential 
gene is selected from the group consisting of ribonucleotide reductase 
small-subunit, serine/threonine kinase, DNA-binding viral core protein, 
polymerase large-subunit, RNA polymerase subunit, DNA polymerase, 
sulfhydryl oxidase, hypothetical DNA-binding viral nucleoprotein, 
DNA-binding phosphoprotein, nucleoid cysteine proteinase, RNA helicase 
NPH-II, hypothetical metalloproteinase, transcription elongation factor, 
glutathione-type protein, RNA polymerase, hypothetical viral 
nucleoprotein, late transcription factor VLTF-1, DNA-binding viral 
nucleoprotein, viral capsid protein, polymerase small-subunit, RNA 

 35 



 

polymerase subunit rpo22 depending on DNA, RNA polymerase subunit 
rpo147 depending on DNA, serine/threonine protein phosphatase, IMV 
heparin-binding surface protein, DNA-dependent RNA polymerase, late 
transcription factor VLTF-4, DNA topoisomerase type I, mRNA capping 
enzyme large-subunit, viral core protein 107, viral core protein 108, 
uracil-DNA glycosylase, triphosphatase, 70kDa small subunit of early 
gene transcription factor VETF, RNA polymerase subunit rpo18 
depending on DNA, nucleoside triphosphate hydrolase-I, mRNA capping 
enzyme small-subunit, rifampicin target site, late transcription factor 
VLTF-2, late transcription factor VLTF-3, disulfide bond forming pathway, 
precursor p4b of core protein 4b, core protein 39kDa, RNA polymerase 
subunit rpo19 depending on DNA, 82kDa large subunit of early gene 
transcription factor VETF, 32kDa small subunit of transcription factor 
VITF-3, IMV membrane protein 128, precursor P4a of core protein 4a, 
IMV membrane protein 131, phosphorylated IMV membrane protein, IMV 
membrane protein A17L, DNA unwindase, viral DNA polymerase 
processing factor, IMV membrane protein A21L, palmitoyl protein, 45kDa 
large subunit of intermediate gene transcription factor VITF-3, RNA 
polymerase subunit rpo132 depending on DNA, RNA polymerase rpo35 
depending on DNA, IMV protein A30L, hypothetical ATP enzyme, 
serine/threonine kinase, EEV mature protein, palmitoylated EEV 
membrane glycoprotein, IMV surface protein A27L, EEV membrane 
phosphate glycoprotein, IEV and EEV membrane glycoproteins, EEV 
membrane glycoprotein, disulfide bond forming pathway protein, 
hypothetical viral nucleoprotein, IMV membrane protein I2L, poxvirus 
myristoyl protein, IMV membrane protein L1R, late 16kDa hypothetical 
membrane protein, hypothetical virus membrane protein H2R, IMV 
membrane protein A21L, chemokine-binding protein, epidermal growth 
factor-like protein, and IL-18 binding protein; and the nonessential gene is 
selected from the group consisting of secretory complement binding 
protein, kelch-like protein, virulence factors, hypothetical α-amino protein 
sensitive protein, serpin-type protein, phospholipase D-type protein, 
unfeatured protein K7R, CD47-type hypothetical membrane protein, 
alarmone-type protein, C-type agglutinin-type type II membrane protein, 
secretory glycoprotein, uracil deoxyribosidetriphosphatase, kelch-like 
protein F3L, hypothetical myristoylated protein, ribonucleotide reductase 
large-subunit, vaccinia virus type A inclusion body protein, ankyrin-type 
protein, 6kda intracellular viral protein, tumor necrosis factor 
α-receptor-like protein 215, tumor necrosis factor α-receptor-like protein 
217, ankyrin-type protein B4R, ankyrin-type protein 213, ankyrin-type 
protein 211, zinc finger protein 207, zinc finger protein 208, ankyrin-type 
protein 014, ankyrin-type protein 015, ankyrin-type protein 016, 
ankyrin-type protein 017, ankyrin-type protein 019, ankyrin-type protein 
030, hypothetical monoglyceride lipase 036, hypothetical 
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monoglyceridelipase 037, hypothetical monoglyceride lipase 038, 
ankyrin-type protein 199, ankyrin-type protein 203/hypothetical protein, 
type A inclusion body protein, guanylate kinase, and ankyrin-type protein 
188; 

preferably, when the oncolytic virus is Coxsackie virus, the essential 
gene is selected from the group consisting of protein Vpg, core protein 2A, 
protein 2B, RNA unwindase 2C, protein 3A, proteinase 3C, reverse 
transcriptase 3D, coat protein Vp4, and protein Vp1; and the nonessential 
gene is selected from the group consisting of capsid proteins Vp2 and 
Vp3; 

preferably, when the oncolytic virus is measles virus, the essential 
gene is one or more selected from the group consisting of nucleoprotein N, 
phosphoprotein P, matrix protein M, transmembrane glycoprotein F, 
transmembrane glycoprotein H, and RNA-dependent RNA polymerase L; 
and the nonessential gene is selected from the group consisting of 
RNA-dependent RNA polymerase accessory protein C and 
RNA-dependent RNA polymerase accessory protein V; 

when the oncolytic virus is mumps virus, the essential gene is 
selected from the group consisting of nucleoprotein N, phosphoprotein P, 
fusion protein F, and RNA polymerase L; and the nonessential gene is 
selected from the group consisting of phosphoprotein V, membrane 
protein M, and hemagglutinin neuraminidase protein HN; 

preferably, when the  oncolytic virus is a vesicular stomatitis virus, 
the essential gene is selected from the group consisting of glycoprotein G, 
nucleoprotein N, phosphoprotein P, and RNA polymerase L; and the 
nonessential gene is matrix protein M; 

preferably, when the  oncolytic virus is poliovirus, the essential gene 
is selected from the group consisting of capsid protein VP1, capsid protein 
VP2, capsid protein VP3, cysteine protease 2A, protein 2B, protein 2C, 
protein 3A, protein 3B, proteinase 3C, protein 3D, and RNA-directed RNA 
polymerase; and the nonessential gene is capsid protein VP4; and 

preferably, when the  oncolytic virus is influenza virus, the essential 
gene is selected from the group consisting of hemagglutinin, 
neuraminidase, nucleoprotein, membrane protein M1, membrane protein 
M2, polymerase PA, polymerase PB1-F2, and polymerase PB2; and the 
nonessential gene is either non-structural protein NS1or non-structural 
protein NS2. 

9. The oncolytic virus of claim 8, wherein the oncolytic virus is herpes
simplex virus, the essential gene is ICP27, and the nonessential gene is
ICP34.5.
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10. The oncolytic virus of claim 2, wherein the sequence of the second
interfering RNA is shown in SEQ ID NO:3.

11. The oncolytic virus of claim 2, wherein

the first promoter is a constitutive promoter; 

preferably, when the target sequence is inserted into a 5’ non-coding 
region or a 3’ non-coding region of multiple essential genes, the first 
expression cassette only expresses the first interfering RNA, and the first 
promoter is a human Hu6 or H1 promoter; and  

preferably, when the target sequence is inserted into a 5’ non-coding 
region or a 3’ non-coding region of only one essential gene, the first 
expression cassette expresses the first interfering RNA and the second 
interfering RNA, and the first promoter is selected from the group 
consisting of CMV, SV40, and CBA promoters. 

12. The oncolytic virus of claim 1, wherein the second promoter is a human
tumor-specific promoter; and

preferably, the human cancer-specific promoter is selected from the 
group consisting of telomerase reverse transcriptase promoter (hTERT), 
human epidermal growth factor receptor-2 (HER-2) promoter, E2F1 
promoter, osteocalcin promoter, carcinoembryonic antigen promoter, 
survivin promoter, and ceruloplasmin promoter. 

13. The oncolytic virus of claim 1, wherein the enzyme can be any of the
enzymes involved in interfering RNA biosynthesis including Dicer, Drosha,
and Agonauts.

14. The oncolytic virus of claim 1, wherein the inhibitory component comprises
a third interfering RNA for interfering with gene expression of the enzyme
to inhibit the biosynthesis of the enzyme; and

preferably, the enzyme is Drosha. 

15. The oncolytic virus of claim 14, wherein the sequence of the third
interfering RNA is shown in SEQ ID NO:4.

16. The oncolytic virus of claim 14, wherein the inhibitory component further
comprises expanded nucleotide triplet repeats for inhibiting bioactivity of
Drosha or a non-coding RNA for inhibiting Dicer activity;

preferably, the expanded nucleotide triplet repeats have following 
general formula: (CGG) n, wherein is an integer number equal to or 
greater than 20; 

preferably, n ranges from 60 to 150; 

preferably, n equals to 100; 
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preferably, the non-coding RNA for inhibiting Dicer activity is 
adenovirus type 5 VA1 RNA; and 

preferably, a base sequence of the adenovirus type 5 VA1 RNA is 
shown in SEQ ID NO:8. 

17. The oncolytic virus of claims 12 through 16, wherein the second
expression cassette further contains an enhancer sequence for enhancing
expression of the inhibitory component expression sequence; and

preferably, the enhancer sequence is either CMV or SV40 enhancer. 

18. The oncolytic virus of claim 17, wherein the preservation number of the
oncolytic virus is CCTCC NO. V201919.

19. An oncolytic virus, wherein the genome of the oncolytic virus contains
following exogenous elements: a target sequence of an interfering RNA
and an expression cassette,

wherein the expression cassette contains a promoter and an 
interfering RNA expression sequence, and the interfering RNA expression 
sequence is used for expressing the interfering RNA bound to the target 
sequence, 

wherein the RNA target sequence is located at a 5’ or a 3’ non-coding 
region of an essential gene required for replication of the recombinant 
oncolytic virus; 

the interfering RNA expression sequence is driven by a promoter 
specific to first cells, so as to express the interfering RNA in the first cells 
but not in second cells; and 

the first and the second cells are different cell types. 

20. The oncolytic virus of claim 19, wherein the first cells are non-tumor cells
of a mammal, and the second cells are tumor cells of the mammal.

21. A nucleotide sequence for preparing the oncolytic virus of claims 1
through 18, wherein the nucleotide sequence has one or more from
following elements:

the target sequence, the first expression cassette, and the second 
expression cassette. 

22. A composition for preparing the oncolytic virus of claims 1 through 18,
comprising: the nucleotide sequence of claim 21; and a parental virus
and/or complementing host cells, wherein

compared to the genome of a wild-type virus, the essential gene is 
absent in the genome of the parental virus; and 
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the complementing host cells contain a DNA fragment for expressing 
the essential gene. 

23. A method of preparing the oncolytic virus of claims 1 through 18,
comprising: integrating the nucleotide sequence of claim 21 into genome
of a wild-type oncolytic virus.

24. The method of claim 23, comprising: co-culturing the nucleotide sequence,
a parental virus and complementary host cells, and collecting the oncolytic
virus from culture, wherein

compared to a genome sequence of a wild-type oncolytic virus, the 
essential gene is absent in a genome sequence of the parental virus; and 

the complementary host cells contain a DNA fragment for expressing 
the essential gene. 

25. The method according to claim 24, wherein specific operation steps of the
method comprise: preparing a Vero cell strain for expressing ICP27,
preparing a parental virus, constructing genetically engineered ICP27 and
regulatory component expression plasmid, and constructing a
recombinant oncolytic herpes virus.

26. Use of the oncolytic virus of claims 1 through 20 in preparation of a
medicine selectively killing cells.

27. The use of claim 26, wherein the cells are tumor cells.

28. A method of killing cells, comprising: infection of target cells with the
oncolytic virus of claims 1 through 20 with target cells.

29. The method used in claim 28, wherein the target cells are tumor cells.

30. The method of claim 28, wherein the method aims at non-disease
treatment.

31. A medicine for killing cells, containing the recombinant oncolytic viruses of
claims 1 through 20 and a pharmaceutically acceptable adjuvant.

32. The medicine of claim 31, wherein the cells are tumor cells.

33. A method for detecting the oncolytic virus of claims 1 to 18, the method
comprising following manipulations of: titer determination of the
recombinant oncolytic virus, amplification of the recombinant oncolytic
virus, purification of the recombinant oncolytic virus, mRNA expression
analysis, protein expression analysis, and miRNA expression analysis.

34. A method for treating a disease of a subject, comprising:

administering the  oncolytic virus of claims 1 to 20 or a composition 
containing the  oncolytic virus to the subject, 
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wherein the disease is derived from the second cells. 

35. The method of claim 34, wherein the disease is cancer and the second
cells are tumor cells.

36. Use of the oncolytic virus of claims 1 through20 for selectively killing cells,

Wherein preferably, the cells are tumor cells. 
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