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Recombinant Herpes Simplex Virus and Use Thereof 
 

Technical field 
The invention relates to the field of virology and tumor therapy. In particular, the 

present invention provides a recombinant herpes simplex virus (HSV) which is capable of 

specifically replicating at a high level in a tumor cell and effectively killing the tumor cell, 

but replicating at a low level in a normal cell, so that the recombinant herpes simplex virus 

of the present invention not only has a high lethality against a tumor cell, but also has a 

significant decrease in side effects (especially neurotoxicity). Further, the present invention 

relates to a viral vector constructed based on the recombinant herpes simplex virus, a 

pharmaceutical composition comprising the recombinant herpes simplex virus or the viral 

vector, and a use of the recombinant herpes simplex virus or the viral vector. The 

recombinant herpes simplex virus of the present invention can be used to infect and kill a 

tumor cell, and can be used for delivering a gene drug into a tumor cell for gene therapy. 

 

Background Art 
Radiotherapy, chemotherapy and targeted drugs are currently widely used tumor 

treatment regimens, but they all have many problems such as incomplete treatment, large 

side effects, prone to drug resistance, unable to control tumor recurrence and metastasis, 

and unsatisfactory in tumor treatment effects. Therefore, there is an urgent need to develop 

new and effective tumor treatment methods. In recent years, significant improvement in 

people's understanding of the relationship between tumor and immunity has been achieved, 

and immunotherapy of tumors has developed rapidly. Among them, oncolytic virus (OV) 

therapy has attracted attention as a new type of tumor immunotherapy (Lichty B D, 

Breitbach CJ, Stojdl DF, et al. Going viral with cancer immunotherapy [J]. Nat Rev Cancer, 

2014, 14 (8): 559-567). Oncolytic viruses are a class of viruses with tumorphilic properties 

that are capable of selectively replicating in tumor cells, while their proliferation in normal 

cells is limited. Oncolytic viruses can replicate in tumor cells leading to tumor cell lysis 

and death, and the amplified virus can continue to infect surrounding tumor cells, creating a 

cascade effect. In addition, during the process of lysing tumor cells, the oncolytic viruses 

can also release tumor antigens, stimulating the body to produce anti-tumor antibodies with 

specific anti-tumor immunity, and further enhancing the oncolytic effect of the oncolytic 

viruses. Oncolytic viruses are the most popular novel gene therapy drugs in the field of 

malignant tumor treatment. Especially in the local control treatment of solid tumors, the 

infection and proliferation of oncolytic virus leads to tumor ablation at the injection site, 

and the lysis of tumor cells leads to the release of tumor antigens from tumor cells, thereby 

inducing systemic anti-tumor immune response to fight tumors in other areas in the body, 

which may be a key immune response for the systemic control of tumor spread and 

metastasis (Russell S J, Peng KW, Bell J C. Oncolytic virotherapy [J]. Nat Biotechnol, 

2012, 30 (7): 658-670). 

The current oncolytic viruses can be divided into more than ten kinds according to the 

type of virus. Among them, the oncolytic herpes simplex virus type I (HSV-1) has become 

the first choice for genetic engineering tumor treatment drugs at home and abroad, because 

the used virus vector has large gene-carring capacity, short replication cycle, high infection 

efficiency, ability of inserting multiple therapeutic genes and other advantages. 

HSV-1 virus belongs to herpesvirus family and is a type of enveloped DNA virus that 

causes herpes on lips, eyes and facial skin in human beings. According to epidemiological 

studies, more than 60% of the population have been infected with HSV-1 virus. The 

genome of HSV-1 virus consists of double-stranded linear DNA of 152 kb, which 

comprises two fragments ligated to each other: long and short fragments (Macdonald S J, 

Mostafa HH, Morrison L A, et al. Genome sequence of herpes simplex virus 1 strain KOS 

[J]. J Virol, 2012, 86 (11): 6371-6372). The long fragment (L region) accounts for about 82% 
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of the genome, while the short fragment (S region) accounts for about 18% of the genome, 

and the long and short fragments are ligated together by a junction region. The L region 

comprises a pair of inverted repeat segments, the segment therebetween is referred to as a 

unique segment UL; the S region also has a pair of inverted repeat segments, and the 

segment therebetween is referred to as a unique segment US. At present, the whole genome 

sequencing of the HSV-1 KOS strain has been completed. The genome of the KOS strain 

comprises a total of 152011 nucleotide bases, and comprises a total of 72 genes encoding 

proteins, wherein the unique segment UL comprises 56 genes, the unique segment US 

comprises 12 genes, and the UL terminal inverted repeat segment (TRL) and the UL 

intermediate inverted repeat sequence (IRL) each comprises three identical genes (ICP34.5, 

ICP0, and LAT, respectively), the US terminal inverted repeat segment (TRS) and the US 

intermediate inverted repeat sequence (IRS) each comprises one identical gene (ICP4). 

When HSV-1 is abundantly replicated, HSV-1 synthesizes proteins in a 

cascade-regulating manner at transcriptional level. These proteins can be classified into 

three types: α, β and γ according to the time order of their synthesis. HSV-1 virus first 

transcribes α-type genes that encode five immediate-early proteins (IE proteins), including 

ICP0, ICP4, ICP22, ICP27 and ICP47, which in turn activate β and γ type genes at 

transcriptional level, and promote the expression of early (E) and late (L) proteins of the 

virus. Immediate-early protein ICP0 can independently activate all types of viral genes (i.e., 

IE, E and L) as well as a variety of cellular genes (in some cases, synergistic activation of 

ICP4 may be required). ICP0 not only interacts with multiple intracellular transcription 

factors or regulatory proteins and activates transcription of certain genes in host cell; but 

also regulates viral genome expression and viral gene transcription through its ubiquitin 

ligase E3 funtional domain (Kawaguchi Y, Bruni R, Roizman B. Interaction of herpes 

simplex virus 1 alpha regulatory protein ICP0 with elongation factor 1delta: ICP0 affects 

translational machinery [J]. J Virol, 1997, 71 (2): 1019-1024). ICP4 and ICP27 are the 

immediate early proteins necessary for viral replication (DeLuca N A, McCarthy A M, 

Schaffer P A. Isolation and characterization of deletion mutants of herpes simplex virus 

type 1 in the gene encoding immediate-early regulatory protein ICP4 [J]. J Virol, 1985, 56 

(2): 558-570; Sacks WR, Greene C C, Aschman D P, et al. Herpes simplex virus type 1 

ICP27 is an essential regulatory protein [J]. J Virol, 1985, 55 (3): 796-805). ICP27 is a 

multifunctional regulatory protein that promotes transcription of viral genes by interacting 

with RNA polymerase II. ICP27 is able to interact with ICP4 to activate early and late gene 

expression. ICP27 also indirectly promotes viral DNA replication by upregulating viral 

replication-associated genes. In addition, ICP27 also has the function of inhibiting cellular 

primordial RNA splicing and promoting viral mRNA translocation and translation. ICP34.5 

can reverse the action of antiviral protein PKR, allowing host and viral protein synthesis to 

continue, thereby facilitating viral replication. In addition, ICP34.5 can also evade the 

host's antiviral response by regulating PP1 phosphatase activity (Randall G, Roizman B. 

Transcription of the derepressed open reading frame P of herpes simplex virus 1 precludes 

the expression of the antisense gamma (1) 34.5 gene and may account for the attenuation of 

the mutant virus [J]. J Virol, 1997, 71 (10): 7750-7757). 

To date, a variety of oncolytic HSV-1 viral vectors have been in the preclinical or 

clinical research phase, including HSV1716, which was obtained by knockout of ICP34.5 

gene in R3616 mutant strain (derived from HSV-1 F strain) (MacKie R M, Stewart B, 

Brown S M. Intralesional injection of herpes simplex virus 1716 in metastatic melanoma [J]. 

Lancet, 2001, 357(9255): 525-526; and Papanastassiou V, Rampling R, Fraser M, et al. The 

potential for efficacy of the modified (ICP 34.5(-)) herpes simplex virus HSV1716 

following intratumoural injection into human malignant glioma: a proof of principle study 

[J]. Gene Ther, 2002, 9(6): 398- 406); G207, which was obtained by double knockout of 

ICP34.5/ICP6 genes in R3616 mutant strain (Markert J M, Medlock M D, Rabkin S D, et al. 

Conditionally replicating herpes simplex virus mutant, G207 for the treatment of malignant 
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glioma: results of phase I trial [J]. Gene Ther, 2000, 7(10): 867-874; and Markert J M, 

Razdan S N, Kuo H C, et al. A phase 1 trial of oncolytic HSV-1, G207, given in 

combination with radiation for recurrent GBM demonstrates safety and radiographic 

response [J]. Mol Ther, 2014, 22(5): 1048-1055); NV1020, which was obtained by deleting 

a single copy of ICP34.5/ICP0/ICP4/UL56 gene in R7020 mutant strain (derived from 

HSV-1 F strain) (Gutermann A, Mayer E, von Dehn-Rothfelser K, et al. Efficacy of 

oncolytic herpesvirus NV1020 can be enhanced by combination with chemotherapeutics in 

colon carcinoma cells [J]. Hum Gene Ther, 2006, 17(12): 1241-1253; and Geevarghese S K, 

Geller D A, de Haan H A, et al. Phase I/II study of oncolytic herpes simplex virus NV1020 

in patients with extensively pretreated refractory colorectal cancer metastatic to the liver [J]. 

Hum Gene Ther, 2010, 21(9): 1119-1128); and T-VEC, which was obtained by double 

knockout of ICP34.5/ICP47 gene in the clinical HSV-1 isolate JS1 (Liu B L, Robinson M, 

Han Z Q, et al. ICP34.5 deleted herpes simplex virus with enhanced oncolytic, immune 

stimulating, and anti-tumour properties [J]. Gene Ther, 2003, 10(4): 292-303). In Amgen 

Company, USA, the recombinant HSV-1 virus T-VEC has made a breakthrough in the 

phase III clinical trial of patients with advanced melanoma, becoming the first oncolytic 

virus type therapeutic drug approved by FDA. However, the data suggest that this clinical 

trial only reached a primary endpoint of duration response rate (DRR) but did not reach a 

secondary endpoint of improved overall survival (OS), although the T-VEC treatment 

group showed a strong favorable trend (Andtbacka R H, Kaufman H L, Collichio F, et al. 

Talimogene Laherparepvec Improves Durable Response Rate in Patients With Advanced 

Melanoma [J]. J Clin Oncol, 2015, 33(25): 2780-2788). This is mainly because T-VEC has 

strong toxic side effects, and its initial intratumoral therapeutic dose is only 10
6
 PFU virus, 

which result in the significant decrease of tumor treatment effect and leads the patients to 

miss the best time for oncolytic treatment. 

Although the oncolytic therapy of herpes simplex virus type I has achieved certain 

results in recent years, the analysis of recombinant HSV-1 virus that has entered the clinical 

study of cancer treatment shows that because different oncolytic viruses have different 

genetic modifications, different oncolytic effects and safety properties, their tumor 

indications and tumor treatment effects are different (Eager R M, Nemunaitis J. Clinical 

development directions in oncolytic virus therapy [J]. Cancer Gene Ther, 2011, 18(5): 

305-317). In general, the existing oncolytic viruses have significant toxic and side effects, 

poor safety, and limited therapeutic dose of oncolytic virus, which pose severe challenges 

for tumor treatment researches (Liu T C, Galanis E, Kirn D. Clinical trial results with 

oncolytic virotherapy: a century of promise, a decade of progress [J]. Nat Clin Pract Oncol, 

2007, 4(2): 101-117). The therapeutic effect of oncolytic virus is positively correlated with 

the dose of virus administered. If the specificity and safety of oncolytic virus are not high 

enough, the necessary dose of the oncolytic virus may have to be limited so as to avoid 

serious side effects to the body. This seriously affects the clinical treatment effect of the 

oncolytic virus and leads to certain safety hazards. Taking T-VEC of Amgen in the United 

States as an example, the toxicity/side effects thereof are important factors limiting the 

clinical effects of T-VEC. Although scientists have been experimenting with it, no 

oncolytic virus has been found so far that can replicate at high levels in tumor cells and kill 

tumor cells without causing serious side effects on normal cells. Therefore, there is still a 

need to develop new oncolytic viruses to achieve low toxicity and high effectiveness of 

oncolytic virus therapy. 

In order to overcome the above-mentioned drawbacks of the recombinant herpes 

simplex virus in gene therapy of tumors in the prior art, the inventors of the present 

application constructed a novel recombinant herpes simplex virus which can not only 

replicate at a high level in a tumor cell and exhibit a high lethality on the tumor cell, but 

also has a significantly reduced side effect (especially neurotoxicity). Therefore, the 

recombinant herpes simplex virus of the present invention not only maintains a high 



 

   4

IEC160114PCT 

therapeutic effect of oncolytic virus, but also greatly improves the safety of the oncolytic 

virus. 

 

Contents of the Invention 

In the present invention, the scientific and technical terms used herein have the 

meanings commonly understood by those skilled in the art, unless otherwise stated. 

Moreover, the cell culture, molecular genetics, nucleic acid chemistry, and immunology 

laboratory procedures used herein are all routine steps widely used in the corresponding 

arts. Also, for a better understanding of the present invention, definitions and explanations 

of related terms are provided below. 

As used herein, the term "recombinant HSV virus" refers to an engineered HSV virus 

comprising an artificially introduced mutation as compared to a wild-type HSV virus. It 

should be understood that the recombinant HSV virus of the present invention is not limited 

to its production manner. For example, the recombinant HSV virus of the present invention 

can be produced by homologous recombination or by culturing a host cell infected with the 

recombinant HSV virus. 

As used herein, the term "viral vector" refers to a nucleic acid delivery vehicle that is 

constructed based on the viral genome and is capable of carrying an exogenous nucleotide 

sequence. In general, the viral vector is capable of self-replicating and/or expressing the 

genes (endogenous and exogenous) compriseed therein in a suitable host cell. The viral 

vector may comprise a genome of an intact wild type virus, or a viral genome that has been 

mutated or modified. However, for safety reasons, the viral vector generally preferably 

comprises a mutated or modified viral genome. Since the viral vector of the present 

invention is derived from the viral genome of HSV, the viral vector of the present invention 

may also be referred to as an HSV viral vector. 

As used herein, the expression "does/do not express a functional protein of interest" 

means that when a cell is infected with a virus or viral vector or viral genome, the virus or 

viral vector or viral genome is unable to produce or express an protein of interest with 

biologically functional activity. For example, the virus or viral vector or viral genome may 

not produce or express the protein of interest at all due to a gene deletion, or may produce 

or express a protein of interest without the biologically functional activity due to a 

loss-of-function mutation. 

As used herein, the term "loss-of-function mutation" refers to a mutation that results in 

the loss of biologically functional activity of a protein encoded and expressed by the 

mutated gene. Loss-of-function mutation includes, but is not limited to, missense mutation, 

nonsense mutation, frameshift mutation, base deletion, base substitution, base addition, and 

any combination thereof (e.g., deletion or substitution or addition of a gene fragment), as 

long as the gene comprising the loss-of-function mutation cannot produce or express a 

protein having the biologically functional activity. 

As used herein, the term "essential gene" refers to a gene that is essential for 

maintaining the survival and replication of an HSV virus. Specific examples of such 

essential genes include, but are not limited to, ICP27 gene (see, e.g., GenBank No. 

AFE62883.1), ICP4 gene (see, e.g., GenBank No. AFE62888.1), VP5 gene (see, e.g., 

GenBank No. AFE62846.1), gL gene (see, e.g., GenBank No. AFE62828.1), gH gene (see, 

e.g., GenBank No. AFE62849.1), gD gene (see, e.g., GenBank No. AFE62894.1), gK gene 

(see, e.g., GenBank No. AFE62882. 1), gB gene (see, e.g., GenBank No. AFE62855.1), gN 

gene (see, e.g., GenBank No. AFE62878.1), UL5 gene (see, e.g., GenBank No. 

AFE62832.1), UL6 gene (see, e.g., GenBank No. AFE62833.1), UL8 gene (see, e.g., 

GenBank No. AFE62835.1), UL9 gene (see eg GenBank No. AFE62836.1), UL12 gene (see, 

e.g., GenBank No. AFE62839.1), UL25 gene (see, e.g., GenBank No. AFE62852.1), UL26 

gene (see, e.g., GenBank No. AFE62853.1), UL28 gene (see, e.g., GenBank No. 

AFE62856.1), UL29 gene (see, e.g., GenBank No. AFE62857.1), UL30 gene (see, e.g., 
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GenBank No. AFE62858.1), UL33 gene (see, e.g., GenBank No. AFE62861.1), UL36 gene 

(see, e.g., GenBank No. AFE62864.1), UL38 gene (see, e.g., GenBank No. AFE62866.1), 

UL42 gene (see, e.g., GenBank No. AFE62870.1), UL48 gene (see, e.g., GenBank No. 

AFE62876.1), UL52 gene (see, e.g., GenBank No. AFE62881.1). For a detailed description 

of the essential genes for the HSV virus, see, for example, Roizman B, Knipe DM. Herpes 

simplex viruses and their replication. In: Knipe D M, Howley P M, editors. Fields Virology. 

2
nd

 ed. Vol 2. Philadelphia, PA Lippincot, Williams and Wilkins, 2001: 2399-2460; 

Subak-Sharpe J H, Dargan D J. HSV molecular biology: general aspects of herpes simplex 

virus molecular biology. Virus Genes, 1998, 16(3): 239-251. 

As used herein, the term "non-essential gene" refers to a gene that is not required to 

maintain the survival and replication of an HSV virus. In general, such genes in the HSV 

viral genome can be knocked out (deleted) or mutated without affecting the survival and 

replication ability of the HSV virus. Specific examples of such essential genes include, but 

are not limited to, UL3 gene (see, e.g., GenBank No. AFE62830.1), UL4 gene (see, e.g., 

GenBank No. AFE62831.1), UL14 gene (see, e.g., GenBank No. AFE62841.1), UL16 gene 

(see, e.g., GenBank No. AFE62843.1), UL21 gene (see, e.g., GenBank No. AFE62848.1), 

UL24 gene (see, e.g., GenBank No. AFE62851.1), UL31 gene (see, e.g., GenBank No. 

AFE62859. 1), UL32 gene (see, e.g., GenBank No. AFE62860.1), US3 gene (see, e.g., 

GenBank No. AFE62891.1), UL51 gene (see, e.g., GenBank No. AFE62880.1), UL55 gene 

(see, e.g., GenBank No. AFE62884.1), UL56 gene (see, e.g., GenBank No. AFE62885.1), 

US2 gene (see, e.g., GenBank No. AFE62890.1), US12 gene (see, e.g., GenBank No. 

AFE62901.1; i.e., ICP47 gene), and LAT gene (see, e.g., GenBank No. JQ673480.1). For a 

detailed description of the non-essential genes of the HSV virus, see, for example, Roizman 

B, Knipe D M. Herpes simplex viruses and their replication. In: Knipe D M, Howley P M, 

editors. Fields Virology. 2
nd

 ed. Vol 2. Philadelphia, PA: Lippincot, Williams and Wilkins, 

2001: 2399-2460; Subak-Sharpe J H, Dargan D J. HSV molecular biology: general aspects 

of herpes simplex virus molecular biology. Virus Genes, 1998, 16(3): 239-251. 

As used herein, the term "ICP0 protein" refers to an infected cell protein 0 of an HSV 

virus, which is encoded by the RL2 gene and is one of the immediate early gene products of 

the HSV virus. The amino acid sequence of the ICP0 protein is known and can be seen, for 

example, in the public database NCBI (AFE62827.1). 

As used herein, the term "ICP34.5 protein" refers to an infected cell protein 34.5 of an 

HSV virus, which is encoded by the RL1 gene and is one of the immediate early gene 

products of the HSV virus. The amino acid sequence of the ICP34.5 protein is known and 

can be seen, for example, in the public database NCBI (AFE62826.1). 

As used herein, the term "ICP27 protein" refers to an infected cell protein 27 of an 

HSV virus, which is encoded by the UL54 gene. The amino acid sequence of the ICP27 

protein is known and can be seen, for example, in the public database NCBI (AFE 

62883.1). 

As used herein, the term "ICP4 protein" refers to an infected cell protein 4 of an HSV 

virus, which is encoded by the RS1 gene. The amino acid sequence of the ICP4 protein is 

known and can be seen, for example, in the public database NCBI (AFE 62888.1). 

As used herein, the term "VP5 protein" refers to a major capsid protein of an HSV 

virus, which is encoded by the UL19 gene. The amino acid sequence of the VP5 protein is 

known and can be seen, for example, in the public database NCBI (AFE62846.1). 

As used herein, the term "ICP0 gene" refers to a nucleotide sequence encoding an ICP0 

protein in an HSV viral genome. As used herein, the term "ICP34.5 gene" refers to a 

nucleotide sequence encoding an ICP34.5 protein in an HSV viral genome. As used herein, 

the term "ICP27 gene" refers to a nucleotide sequence encoding an ICP27 protein in an 

HSV viral genome. As used herein, the term "ICP4 gene" refers to a nucleotide sequence 

encoding an ICP4 protein in an HSV viral genome. As used herein, the term "VP5 gene" 

refers to a nucleotide sequence encoding a VP5 protein in an HSV viral genome. 
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As used herein, the term "exogenous nucleotide sequence" refers to an artificially 

introduced nucleotide sequence that is foreign to an original sequence. Exogenous 

nucleotide sequences include, but are not limited to, any gene not found in the viral genome. 

However, in certain instances, preferably, the exogenous nucleotide sequence encodes a 

polypeptide having therapeutic use, such as an immunomodulatory polypeptide, a cytokine, 

a chemokine, an antibody, and a cytotoxic peptide. 

As used herein, the term "immunomodulatory polypeptide" refers to a polypeptide that 

modulates a function of an immune cell, examples of which include, but are not limited to, 

CD40L, OX40L, inducible costimulatory molecules (ICOS), FTL3L, LIGHT, CD137L, 

CD70, 4-1BB, GITR, and CD28 (see, for example, Khalil D N, Smith E L, Brentjens R J, et 

al. The future of cancer treatment: immunomodulation, CARs and combination 

immunotherapy [J]. Nat Rev Clin Oncol, 2016, 13 (5): 273-290). 

As used herein, the term "cytokine" has the meanings well known to those skilled in 

the art. However, in the method of the present invention, when the recombinant virus of the 

present invention is used to treat a tumor, it is particularly preferred that the cytokine is a 

cytokine which can be used for tumor treatment. Examples of "cytokine" include, but are 

not limited to, interleukins (e.g., IL-2, IL-12, and IL-15), interferons (e.g., IFNα, IFNβ, 

IFNγ), tumor necrosis factors (e.g., TNFα), colony stimulating factors (e.g., GM-CSF), and 

any combination thereof (see, for example, Ardolino M, Hsu J, Raulet D H. Cytokine 

treatment in cancer immunotherapy [J]. Oncotarget, 2015, 6 (23): 19346-19347). 

As used herein, the term "chemokine" has the meanings well known to those skilled in 

the art. However, in the method of the present invention, when the recombinant virus of the 

present invention is used to treat a tumor, it is particularly preferred that the cytokine is a 

chemokine capable of being used for tumor treatment. Examples of "chemokine" include, 

but are not limited to, CCL2, RANTES, CCL7, CCL9, CCL10, CCL12, CCL15, CCL19, 

CCL21, CCL20, XCL-1, and any combination thereof (Homey B, Muller A, Zlotnik A. 

CHEMOKINES: AGENTS FOR THE IMMUNOTHERAPY OF CANCER? [J]. Nat Rev 

Immunol, 2002, 2: 175-184). 

As used herein, the term "cytotoxic peptide" refers to a polypeptide that is toxic to a 

cell or induces apoptosis, examples of which include, but are not limited to, thymidine 

kinase TK (TK/GCV), TRAIL and FasL (see, e.g., Candolfi M, King G D, Muhammad A G, 

et al. Evaluation of proapototic transgenes to use in combination with Flt3L in an 

immune-stimulatory gene therapy approach for Glioblastoma multiforme (GBM) [J]. 

FASEB J, 2008, 22: 1077.13). 

The term "antibody" as used herein has the meanings well known to those skilled in 

the art. However, in the method of the present invention, when the recombinant virus of the 

present invention is used to treat a tumor, it is particularly preferable that the antibody is an 

antibody which can be used for tumor treatment. Examples of "antibody" include, but are 

not limited to, anti-PD-1 antibodies, anti-PD-L1 antibodies, anti-TIGIT antibodies, 

anti-BTLA antibodies, anti-CTLA-4 antibodies, anti-Tim-3 antibodies, anti-Lag-3 

antibodies, anti-CD137 antibodies, anti-OX40 antibodies, anti-GITR antibodies, anti-CD73 

antibodies, anti-KIR antibodies, anti-ICOS antibodies, anti-CSF1R antibodies, anti-EGFR 

antibodies, anti-VEGFR antibodies, anti-HER2 antibodies and anti-PDGFR antibodies (see, 

e.g., Khalil D N, Smith E L, Brentjens R J, et al. The future of cancer treatment: 

immunomodulation, CARs and combination immunotherapy [J]. Nat Rev Clin Oncol, 2016, 

13 (5): 273-290; and Hughes P E, Caenepeel S, Wu L C. Targeted Therapy and Checkpoint 

Immunotherapy Combinations for the Treatment of Cancer [J]. Trends Immunol, 2016, 37 

(7): 462-476). 

The term "pharmaceutically acceptable carrier and/or excipient" as used herein refers 

to a carrier and/or excipient that is pharmacologically and/or physiologically compatible 

with a subject and an active ingredient, which is well known in the art (see, for example, 

Remington's Pharmaceutical Sciences. Edited by Gennaro AR, 19th ed. Pennsylvania: 
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Mack Publishing Company, 1995), and includes, but is not limited to, pH adjusting agents, 

surfactants, adjuvants, ionic strength enhancers. For example, pH adjusting agents include, 

but are not limited to, phosphate buffers; surfactants include, but are not limited to, cationic, 

anionic or nonionic surfactants, such as Tween-80; adjuvants include, but are not limited to, 

aluminum adjuvants (e.g., aluminum hydroxides), Freund's adjuvant (e.g., complete 

Freund's adjuvant); ionic strength enhancers include, but are not limited to, sodium 

chloride. 

As used herein, the term "effective amount" refers to an amount sufficient to achieve, 

or at least partially achieve, a desired effect. For example, a prophylactically effective 

amount refers to an amount sufficient to prevent, control, or delay an onset of a disease; a 

therapeutically effective amount for a disease refers to an amount sufficient to cure or at 

least partially control the disease and complications thereof in a patient already suffering 

from the disease. Determination of such effective amounts is well within the capabilities of 

those skilled in the art. For example, the amount effective for therapeutic use depends on 

the severity of a disease to be treated, the overall condition of patient's own immune system, 

the general condition of patient such as age, weight and gender, the mode of administration 

of drug, other treatments simultaneously applied, and so on. 

 

In order to overcome the safety issues and side effects of existing recombinant HSV 

viruses for tumor therapy, the inventors of the present application constructed a novel 

recombinant HSV virus that does not express functional ICP0 and ICP34.5 proteins (e.g., 

double copy of ICP0 and ICP34.5 genes were deleted). The recombinant HSV virus of the 

present invention has a high level of replication ability in a tumor cell and is capable of 

effectively killing various tumor cells, but shows significantly reduced replication ability 

and killing ability in a normal cell. Furthermore, it has also been discovered that the 

recombinant HSV virus of the invention shows significantly reduced neurotoxicity in an 

animal and can be administered to an animal at a significantly increased dose. Therefore, as 

compared with the existing recombinant HSV viruses, the recombinant HSV virus of the 

present invention not only maintains high oncolytic ability, but also shows significantly 

improved safety, therefore can be administered at a higher dose and has broad application 

prospects. 

 

Recombinant HSV virus 

Thus, in one aspect, the invention provides a recombinant HSV virus, which does not 

express a functional ICP0 protein and ICP34.5 protein. 

As well known to those skilled in the art, the functional expression of a protein of 

interest (e.g., ICP0 protein and/or ICP34.5 protein) can be prevented by modifying a gene 

encoding the protein of interest. For example, a loss-of-function mutation may be 

introduced into a gene encoding a protein of interest (e.g., ICP0 protein and/or ICP34.5 

protein), or a gene encoding a protein of interest (e.g., ICP0 protein and/or ICP34.5 protein) 

may be deleted or substituted with an exogenous nucleotide sequence (e.g., nucleotide 

sequence encoding a foreign protein), thereby preventing the functional expression of the 

protein of interest. 

It is known to those skilled in the art that the genome of HSV virus comprises two 

copies of ICP0 gene and two copies of ICP34.5 gene. Therefore, in order to prevent the 

functional expression of ICP0 protein and ICP34.5 protein in the recombinant HSV virus, it 

is necessary to simultaneously modify the two copies of the ICP0 gene and the two copies 

of the ICP34.5 gene. However, it would be readily understood that the modifications of the 

two copies of the ICP0 gene and the two copies of the ICP34.5 gene (4 nucleotide segments) 

are independent between each other, and may be the same or different. 

Thus, in certain preferred embodiments, the recombinant HSV virus has a genome in 

which 
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the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); 

the two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein). 

In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises the following modifications: 

the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); 

the two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein). 

In certain preferred embodiments, one copy of the ICP0 gene comprises a 

loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or more bases), 

and the other copy of the ICP0 gene comprises a loss-of-function mutation (e.g., addition, 

deletion, and/or substitution of one or more bases) or is deleted or substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). In 

certain preferred embodiments, one copy of the ICP0 gene is deleted and the other copy of 

the ICP0 gene comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein). In certain preferred 

embodiments, one copy of the ICP0 gene is substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein), and the other copy of the 

ICP0 gene comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases) or deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein). 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases). In certain preferred embodiments, the two copies of the ICP0 gene comprises 

the same loss-of-function mutation. In certain preferred embodiments, the two copies of the 

ICP0 gene comprises different loss-of-function mutations. For example, in certain preferred 

embodiments, the first copy of ICP0 gene comprises a first loss-of-function mutation and 

the second copy of ICP0 gene comprises a second loss-of-function mutation. The first 

loss-of-function mutation and the second loss-of-function mutation may be the same or 

different. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein). In certain preferred embodiments, the two copies of 

the ICP0 gene are substituted with the same exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein). In certain preferred embodiments, the two 

copies of the ICP0 gene are substituted with different exogenous nucleotide sequences (e.g., 

nucleotide sequences encoding foreign proteins). For example, in certain preferred 

embodiments, the first copy of ICP0 gene is substituted with a first exogenous nucleotide 

sequence and the second copy of ICP0 gene is substituted with a second exogenous 

nucleotide sequence. The first exogenous nucleotide sequence and the second exogenous 
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nucleotide sequence may be the same or different. 

In certain preferred embodiments, one copy of the ICP34.5 gene comprises a 

loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or more bases), 

and the other copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., 

addition, deletion, and/or substitution of one or more bases) or is deleted or substituted with 

an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). 

In certain preferred embodiments, one copy of the ICP34.5 gene is deleted and the other 

copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion, 

and/or substitution of one or more bases) or is deleted or substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). In certain 

preferred embodiments, one copy of the ICP34.5 gene is substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein) and the other 

copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion, 

and/or substitution of one or more bases) or is deleted or substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). 

In certain preferred embodiments, the two copies of the ICP34.5 gene each 

independently comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases). In certain preferred embodiments, the two copies of the 

ICP34.5 gene comprise the same loss-of-function mutation. In certain preferred 

embodiments, the two copies of the ICP34.5 gene comprise different loss-of-function 

mutations. For example, in certain preferred embodiments, the first copy of the ICP34.5 

gene comprises a third loss-of-function mutation and the second copy of the ICP34.5 gene 

comprises a fourth loss-of-function mutation. The third loss-of-function mutation and the 

fourth loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP34.5 gene are deleted. 

In certain preferred embodiments, the two copies of the ICP34.5 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein). In certain preferred embodiments, the two copies of 

the ICP34.5 gene are substituted with the same exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein). In certain preferred embodiments, the two 

copies of the ICP34.5 gene are substituted with different exogenous nucleotide sequences 

(e.g., nucleotide sequences encoding foreign proteins). For example, in certain preferred 

embodiments, the first copy of the ICP34.5 gene is substituted with a third exogenous 

nucleotide sequence and the second copy of the ICP34.5 gene is substituted with a fourth 

exogenous nucleotide sequence. The third exogenous nucleotide sequence and the fourth 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases), and the two copies the ICP34.5 gene each independently comprises a 

loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or more bases). 

For example, in certain preferred embodiments, the first copy of the ICP0 gene comprises a 

first loss-of-function mutation, the second copy of the ICP0 gene comprises a second 

loss-of-function mutation; and the first copy of the ICP34.5 gene comprises a third 

loss-of-function mutation, the second copy of the ICP34.5 gene comprises a fourth 

loss-of-function mutation. The first loss-of-function mutation, the second loss-of-function 

mutation, the third loss-of-function mutation, and the fourth loss-of-function mutation may 

be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases), and the two copies the ICP34.5 gene are deleted. For example, in certain 

preferred embodiments, the first copy of the ICP0 gene comprises a first loss-of-function 

mutation, the second copy of the ICP0 gene comprises a second loss-of-function mutation; 
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and the two copies of the ICP34.5 gene are deleted. The first loss-of-function mutation and 

the second loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases), and the two copies the ICP34.5 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). 

For example, in certain preferred embodiments, the first copy of the ICP0 gene comprises a 

first loss-of-function mutation, the second copy of the ICP0 gene comprises a second 

loss-of-function mutation; and, the first copy of the ICP34.5 gene is substituted with a third 

exogenous nucleotide sequence, and the second copy of the ICP34.5 gene is substituted 

with a fourth exogenous nucleotide sequence. The first loss-of-function mutation and the 

second loss-of-function mutation may be the same or different. The third exogenous 

nucleotide sequence and the fourth exogenous nucleotide sequence may be the same or 

different. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the 

two copies of the ICP34.5 gene each independently comprises a loss-of-function mutation 

(e.g., addition, deletion and/or substitution of one or more bases). For example, in certain 

preferred embodiments, the two copies of the ICP0 gene are deleted; and the first copy of 

the ICP34.5 gene comprises a third loss-of-function mutation and the second copy of the 

ICP34.5 gene comprises a fourth loss-of-function mutation. The third loss-of-function 

mutation and the fourth loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the 

two copies of the ICP34.5 gene are deleted. In such embodiments, the recombinant HSV 

virus does not express the ICP0 protein and the ICP34.5 protein. In certain preferred 

embodiments, the genome of the recombinant HSV virus has deletions of the base sequence 

between nt510 and nt5439 and the base sequence between nt120802 and nt125731 of the 

wild-type HSV-1 viral genome. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the 

two copies of the ICP34.5 gene each is independently substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). For example, 

in certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the first 

copy of the ICP34.5 gene is substituted with a third exogenous nucleotide sequence, the 

second copy of ICP34.5 gene is substituted with a fourth exogenous nucleotide sequence. 

The third exogenous nucleotide sequence and the fourth exogenous nucleotide sequence 

may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein), and the two copies of the ICP34.5 gene each 

independently comprise a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases). For example, in certain preferred embodiments, the first 

copy of the ICP0 gene is substituted with a first exogenous nucleotide sequence and the 

second copy of the ICP0 gene is substituted with a second exogenous nucleotide sequence; 

the first copy of the ICP34.5 gene comprises a third loss-of-function mutation, and the 

second copy of the ICP34.5 gene comprises a fourth loss-of-function mutation. The first 

exogenous nucleotide sequence and the second exogenous nucleotide sequence may be the 

same or different. The third loss-of-function mutation and the fourth loss-of-function 

mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein), and the two copies of the ICP34.5 gene is deleted. 

For example, in certain preferred embodiments, the first copy of the ICP0 gene is 

substituted with a first exogenous nucleotide sequence and the second copy of the ICP0 
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gene is substituted with a second exogenous nucleotide sequence; the two copies of the 

ICP34.5 gene are deleted. The first exogenous nucleotide sequence and the second 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein), and the two copies of the ICP34.5 genes each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein). For example, in certain preferred embodiments, the 

first copy of the ICP0 gene is substituted with a first exogenous nucleotide sequence and 

the second copy of the ICP0 gene is substituted with a second exogenous nucleotide 

sequence; the first copy of the ICP34.5 gene is substituted with a third exogenous 

nucleotide sequence and the second copy of the ICP34.5 gene is substituted with a fourth 

exogenous nucleotide sequence. The first exogenous nucleotide sequence, the second 

exogenous nucleotide sequence, the third exogenous nucleotide sequence, and the fourth 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, the first loss-of-function mutation, the second 

loss-of-function mutation, the third loss-of-function mutation, and the fourth 

loss-of-function mutation each is independently selected from missense mutation, nonsense 

mutation, frameshift mutation, base deletion, base substitution, base addition, and any 

combination thereof (e.g., deletion or substitution or addition of a gene fragment). 

In certain preferred embodiments, the first exogenous nucleotide sequence, the second 

exogenous nucleotide sequence, the third exogenous nucleotide sequence, and the fourth 

exogenous nucleotide sequence each independently encodes an exogenous protein selected 

from the group consisting of fluorescent proteins, immunomodulatory polypeptides, 

cytokines, chemokines, antibodies, and cytotoxic peptides. 

In certain preferred embodiments, the fluorescent protein is selected from the group 

consisting of green fluorescent protein (e.g., a green fluorescent protein having the amino 

acid sequence set forth in SEQ ID NO: 7), red fluorescent protein, blue fluorescent protein, 

yellow fluorescent protein, and any combination thereof. 

In certain preferred embodiments, the immunomodulatory polypeptide is selected from 

the group consisting of CD40L, OX40L, inducible costimulatory molecule (ICOS), FTL3L, 

LIGHT, CD137L, CD70, 4-1BB, GITR, CD28, and any combination thereof. 

In certain preferred embodiments, the cytokine is selected from the group consisting of 

interleukin (e.g., IL-2, IL-12, and IL-15), interferon (e.g., IFNα, IFNβ, IFNγ), tumor 

necrosis factor (e.g., TNFα), colony stimulating factor (e.g., GM-CSF), and any 

combination thereof. 

In certain preferred embodiments, the chemokine is selected from the group consisting 

of CCL2, RANTES, CCL7, CCL9, CCL10, CCL12, CCL15, CCL19, CCL21, CCL20, 

XCL-1, and any combination thereof. 

In certain preferred embodiments, the cytotoxic peptide is selected from the group 

consisting of thymidine kinase TK (TK/GCV), TRAIL, FasL, and any combination thereof. 

In certain preferred embodiments, the antibody is selected from the group consisting of 

anti-PD-1 antibody, anti-PD-L1 antibody, anti-TIGIT antibody, anti-BTLA antibody, 

anti-CTLA-4 antibody, anti-Tim-3 antibody, anti-Lag-3 antibody, anti-CD137 antibody, 

anti-OX40 antibody, anti-GITR antibody, anti-CD73 antibody, anti-KIR antibody, 

anti-ICOS antibody, anti-CSF1R antibody, anti-EGFR antibody, anti-VEGFR antibody, 

anti-HER2 antibody, anti-PDGFR antibody, and any combination thereof. 

In the past five years, antibody drugs against PD-1 have achieved great clinical success 

and have been approved by the FDA for the treatment of solid tumor patients such as 

melanoma and lung cancer. However, clinical studies have shown that anti-PD-1 antibodies 

are only effective in about 30% of solid tumor patients. This may be because T cells are 

difficult to penetrate into a solid tumor and cannot act on a tumor cell inside the solid tumor 
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together with the anti-PD-1 antibody. Without being bound by any theory, oncolytic HSV 

viruses not only directly target and kill tumor cells, but also induce immune cells (such as T 

cells) to infiltrate tumors. Therefore, the combination use of the recombinant HSV virus of 

the present invention and the anti-PD-1 antibody may be particularly advantageous for 

improving the effect of tumor treatment, and has great application prospects in tumor 

immunotherapy. Accordingly, in certain preferred embodiments, the foreign protein is an 

anti-PD-L1 antibody, an anti-PD-1 antibody, or any combination thereof. For example, the 

foreign protein is an anti-PD-1 single chain antibody. 

In certain preferred embodiments, the recombinant HSV virus is a recombinant HSV-1 

virus, a recombinant HSV-2 virus, or an HSV-1/HSV-2 chimeric virus (i.e., a recombinant 

HSV virus which genome comprises both the DNA derived from HSV-1 and the DNA 

derived from HSV-2). In certain preferred embodiments, the recombinant HSV virus is 

derived from an HSV-1 strain KOS. 

In certain preferred embodiments, the recombinant HSV virus is capable of expressing 

a functional UL43 protein, a functional UL41 protein (i.e., vhs protein), a functional UL48 

protein (i.e., VMW65 protein), or any combination thereof. In certain preferred 

embodiments, the recombinant HSV virus is capable of expressing a functional UL43 

protein. In certain preferred embodiments, the recombinant HSV virus is capable of 

expressing a functional UL41 protein. In certain preferred embodiments, the recombinant 

HSV virus is capable of expressing a functional UL48 protein. In certain preferred 

embodiments, the recombinant HSV virus is capable of expressing a functional UL43 

protein and a functional UL41 protein. In certain preferred embodiments, the recombinant 

HSV virus is capable of expressing a functional UL43 protein and a functional UL48 

protein. In certain preferred embodiments, the recombinant HSV virus is capable of 

expressing a functional UL41 protein and a functional UL48 protein. In certain preferred 

embodiments, the recombinant HSV virus is capable of expressing a functional UL43 

protein, a functional UL41 protein, and a functional UL48 protein. 

In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises a UL43 gene capable of expressing a functional UL43 protein, a UL41 gene (i.e., 

a vhs gene) capable of expressing a functional UL41 protein, and/or a UL48 gene (i.e., the 

VMW65 gene) capable of expressing a function UL48 protein. In certain preferred 

embodiments, the genome of the recombinant HSV virus comprises a UL43 gene capable of 

expressing a functional UL43 protein. In certain preferred embodiments, the genome of the 

recombinant HSV virus comprises a UL41 gene capable of expressing a functional UL41 

protein. In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises a UL48 gene capable of expressing a functional UL48 protein. In certain 

preferred embodiments, the genome of the recombinant HSV virus comprises a UL43 gene 

capable of expressing a functional UL43 protein, and a UL41 gene capable of expressing a 

functional UL41 protein. In certain preferred embodiments, the genome of the recombinant 

HSV virus comprises a UL43 gene capable of expressing a functional UL43 protein, and a 

UL48 gene capable of expressing a functional UL48 protein. In certain preferred 

embodiments, the genome of the recombinant HSV virus comprises a UL41 gene capable of 

expressing a functional UL41 protein, and a UL48 gene capable of expressing a functional 

UL48 protein. In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises a UL43 gene capable of expressing a functional UL43 protein, a UL41 gene 

capable of expressing a functional UL41 protein, and a UL48 gene capable of expressing a 

functional UL48 protein. 

In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises a UL43 gene, a UL41 gene (i.e., a vhs gene), and/or a UL48 gene (i.e., a 

VMW65 gene), and the UL43 gene, the UL41 gene and/or the UL48 gene do not comprise a 

loss-of-function mutation. In certain preferred embodiments, the genome of the 

recombinant HSV virus comprises a UL43 gene that does not comprise a loss-of-function 
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mutation. In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises a UL41 gene that does not comprise a loss-of-function mutation. In certain 

preferred embodiments, the genome of the recombinant HSV virus comprises a UL48 gene 

that does not comprise a loss-of-function mutation. In certain preferred embodiments, the 

genome of the recombinant HSV virus comprises a UL43 gene and a UL41 gene that do not 

comprise a loss-of-function mutation. In certain preferred embodiments, the genome of the 

recombinant HSV virus comprises a UL43 gene and a UL48 gene that do not comprise a 

loss-of-function mutation. In certain preferred embodiments, the genome of the 

recombinant HSV virus comprises a UL41 gene and a UL48 gene that do not comprise a 

loss-of-function mutation. In certain preferred embodiments, the genome of the 

recombinant HSV virus comprises a UL43 gene, a UL41 gene, and a UL48 gene that do not 

comprise a loss-of-function mutation. 

In certain preferred embodiments, the genome of the recombinant HSV virus further 

comprises a modification in which one or more non-essential genes are deleted or mutated 

(e.g., comprise a loss-of-function mutation, or are substituted with an exogenous nucleotide 

sequence). In certain preferred embodiments, the non-essential gene is selected from the 

group consisting of UL3 gene, UL4 gene, UL14 gene, UL16 gene, UL21 gene, UL24 gene, 

UL31 gene, UL32 gene, US3 gene, UL51 gene, UL55 gene, UL56 Gene, US2 gene, US12 

gene (i.e., ICP47 gene), LAT gene, nucleotide fragment corresponding to nt5853-nt7485 of 

JQ673480.1, and any combination thereof. In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the UL3 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, the UL4 gene 

is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted with an 

exogenous nucleotide sequence). In certain preferred embodiments, in the genome of the 

recombinant HSV virus, the UL14 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, the UL16 

gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted 

with an exogenous nucleotide sequence). In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the UL21 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, the UL24 

gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted 

with an exogenous nucleotide sequence). In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the UL31 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, the UL32 

gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted 

with an exogenous nucleotide sequence). In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the US3 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, the UL51 

gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted 

with an exogenous nucleotide sequence). In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the UL55 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, the UL56 

gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted 

with an exogenous nucleotide sequence). In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the US2 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 
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certain preferred embodiments, in the genome of the recombinant HSV virus, the US12 

gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is substituted 

with an exogenous nucleotide sequence). In certain preferred embodiments, in the genome 

of the recombinant HSV virus, the LAT gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the genome of the recombinant HSV virus, a nucleotide 

fragment corresponding to nt5853-nt7485 of JQ673480.1 is deleted or mutated (e.g., 

comprises a loss-of-function mutation, or is substituted by an exogenous nucleotide 

sequence). 

In certain preferred embodiments, the genome of the recombinant HSV virus further 

comprises one or more of the following modifications: deletion or mutation in one or more 

of UL55 gene, US2 gene, LAT gene, and nucleotide fragment corresponding to 

nt5853-nt7485 of JQ673480.1 (for example, comprising a loss-of-function mutation, or 

being substituted with an exogenous nucleotide sequence). In certain preferred 

embodiments, the genome of the recombinant HSV virus further comprises the following 

modification: deletion or mutation of UL55 gene, US2 gene, LAT gene, or nucleotide 

fragment corresponding to nt5853-nt7485 of JQ673480.1 (for example, comprising a 

loss-of-function mutation or being substituted with an exogenous nucleotide sequence). 

In certain preferred embodiments, the essential gene of the recombinant HSV virus is 

not deleted and does not comprise a loss-of-function mutation. In certain preferred 

embodiments, the coding sequence for the essential gene of the recombinant HSV virus is 

not deleted or mutated. In certain preferred embodiments, the recombinant HSV virus is 

capable of expressing all essential genes. In certain preferred embodiments, the genome of 

the recombinant HSV virus comprises all essential genes, and none of the essential genes 

comprises a loss-of-function mutation. In certain preferred embodiments, the genome of the 

recombinant HSV virus comprises all essential genes, and none of the coding sequences of 

the essential genes comprises a mutation. In general, the essential genes are essential for 

survival and replication of HSV viruses, and therefore, in the recombinant HSV virus, none 

of the essential genes comprises a loss-of-function mutation. However, it is readily 

understood that the promoter of such an essential gene can be engineered (for example, the 

native promoter of the essential gene can be substituted with a tumor-specific promoter, 

such as a promoter of hTERT), thereby further enhancing the safety of the recombinant 

HSV virus without affecting the function/properties of the recombinant HSV virus of the 

invention. Thus, in certain preferred embodiments, in the genome of the recombinant HSV 

virus, a native promoter of one or more essential genes is substituted with a tumor-specific 

promoter, such as a promoter of hTERT. In certain preferred embodiments, the essential 

gene is selected from the group consisting of ICP27 gene, ICP4 gene, VP5 gene, gL gene, 

gH gene, gD gene, gK gene, gB gene, gN gene, UL5 gene, UL6 gene, UL8 gene, UL9 gene, 

UL12 gene, UL25 gene, UL26 gene, UL28 gene, UL29 gene, UL30 gene, UL33 gene, 

UL36 gene, UL38 gene, UL42 gene, UL48 gene, UL52 gene, and any combination thereof. 

In certain preferred embodiments, the genome of the recombinant HSV virus 

comprises all other genes of the wild-type HSV virus, except for the two copies of the ICP0 

gene and the two copies of the ICP34.5 gene as described above, and none of the other 

genes comprises a loss-of-function mutation. However, it is readily understood that a 

promoter of the other genes can be engineered (e.g., a native promoter can be substituted 

with a tumor-specific promoter, such as a promoter of hTERT), thereby further enhancing 

the safety of the recombinant HSV virus without affecting the functions/properties of the 

recombinant HSV virus of the invention. Thus, in certain preferred embodiments, the 

genome of the recombinant HSV virus further comprises a modification in which a native 

promoter of one or more HSV genes is substituted with a tumor-specific promoter, such as 

a promoter of hTERT. In certain preferred embodiments, the HSV gene is selected from the 

group consisting of VP5 gene, ICP27 gene, and ICP4 gene. 
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In certain preferred embodiments, the genome of the recombinant HSV virus further 

comprises one or more modifications selected from the group consisting of: 

(1) substitution of a native promoter of the VP5 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(2) substitution of a native promoter of the ICP27 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(3) substitution of a native promoter of the ICP4 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(4) deletion or mutation of one or more of the UL55 gene, the US2 gene, the LAT gene, 

and the nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1 (for example, 

comprising a loss-of-function mutation, or being substituted with an exogenous nucleotide 

sequence). 

In certain preferred embodiments, the hTERT promoter has a sequence set forth in 

SEQ ID NO: 5. 

In addition, the recombinant HSV viruses of the invention can also be modified to 

carry one or more exogenous nucleotide sequences. For example, in certain preferred 

embodiments, the genome of the recombinant HSV virus further comprises a fifth 

exogenous nucleotide sequence. In certain preferred embodiments, the fifth exogenous 

nucleotide sequence encodes a foreign protein selected from the group consisting of 

fluorescent protein, immunomodulatory polypeptide, cytokine, chemokine, antibody, and 

cytotoxic peptide. 

In the present application, a loss-of-function mutations can be introduced into the 

various viral genes as above-mentioned by techniques well known in the art. For example, a 

loss-of-function mutation can be introduced into a viral gene by deletion, substitution or 

insertion of a base so as to functionally inactivate the viral gene. In certain exemplary 

embodiments, the viral gene is functionally inactivated by deletion (e.g., deletion of the 

entire gene or a portion thereof). In such embodiments, at least 25%, at least 50%, at least 

75%, or 100% of a sequence of a viral gene of interest may be deleted, or at least 10 bp, at 

least 100 bp, or at least 1000 bp of a sequence of a viral gene of interest may be deleted. In 

certain exemplary embodiments, a frameshift mutation is caused by insertion or deletion of 

a base so as to functionally inactive the viral gene. In certain exemplary embodiments, the 

viral gene is functionally inactivated by replacing the entire gene of interest or a portion 

thereof with an exogenous nucleotide sequence. 

 

Viral vector 
In another aspect, the invention provides a viral vector comprising the genome of the 

recombinant HSV virus according to the invention or consisting of the genome of the 

recombinant HSV virus according to the invention. 

In another aspect, the invention provides a viral vector comprising or consisting of a 

mutated HSV genome that does not express functional ICP0 protein and ICP34.5 protein. 

In certain preferred embodiments, in the mutated HSV genome, 

the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); 

the two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein). 

In certain preferred embodiments, the mutated HSV genome comprises the following 

modifications: 

the two copies of the ICP0 gene each independently comprises a loss-of-function 
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mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); 

the two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein). 

In certain preferred embodiments, one copy of the ICP0 gene comprises a 

loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or more bases), 

and the other copy of the ICP0 gene comprises a loss-of-function mutation (e.g., addition, 

deletion, and/or substitution of one or more bases) or is deleted or substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). In 

certain preferred embodiments, one copy of the ICP0 gene is deleted and the other copy of 

the ICP0 gene comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein). In certain preferred 

embodiments, one copy of the ICP0 gene is substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein), and the other copy of the 

ICP0 gene comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein). 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases). In certain preferred embodiments, the two copies of the ICP0 gene comprise 

the same loss-of-function mutation. In certain preferred embodiments, the two copies of the 

ICP0 gene comprise different loss-of-function mutations. For example, in certain preferred 

embodiments, the first copy of the ICP0 gene comprises a first loss-of-function mutation 

and the second copy of the ICP0 gene comprises a second loss-of-function mutation. The 

first loss-of-function mutation and the second loss-of-function mutation may be the same or 

different. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein). In certain preferred embodiments, the two copies of 

the ICP0 gene are substituted with the same exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein). In certain preferred embodiments, the two 

copies of the ICP0 gene are substituted with different exogenous nucleotide sequences (e.g., 

nucleotide sequences encoding foreign proteins). For example, in certain preferred 

embodiments, the first copy of the ICP0 gene is substituted with a first exogenous 

nucleotide sequence and the second copy of the ICP0 gene is substituted with a second 

exogenous nucleotide sequence. The first exogenous nucleotide sequence and the second 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, one copy of the ICP34.5 gene comprises a 

loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or more bases), 

and the other copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., 

addition, deletion, and/or substitution of one or more bases) or is deleted or substituted with 

an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). 

In certain preferred embodiments, one copy of the ICP34.5 gene is deleted and the other 

copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion, 

and/or substitution of one or more bases) or is deleted or substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). In certain 

preferred embodiments, one copy of the ICP34.5 gene is substituted with an exogenous 
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nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein) and the other 

copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion, 

and/or substitution of one or more bases) or is deleted or substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). 

In certain preferred embodiments, the two copies of the ICP34.5 gene each 

independently comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases). In certain preferred embodiments, the two copies of the 

ICP34.5 gene comprise the same loss-of-function mutation. In certain preferred 

embodiments, the two copies of the ICP34.5 gene comprise different loss-of-function 

mutations. For example, in certain preferred embodiments, the first copy of the ICP34.5 

gene comprises a third loss-of-function mutation and the second copy of the ICP34.5 gene 

comprises a fourth loss-of-function mutation. The third loss-of-function mutation and the 

fourth loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP34.5 gene are deleted. 

In certain preferred embodiments, the two copies of the ICP34.5 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein). In certain preferred embodiments, the two copies of 

the ICP34.5 gene are substituted with the same exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein). In certain preferred embodiments, the two 

copies of the ICP34.5 gene are substituted with different exogenous nucleotide sequences 

(e.g., nucleotide sequences encoding foreign proteins). For example, in certain preferred 

embodiments, the first copy of the ICP34.5 gene is substituted with a third exogenous 

nucleotide sequence and the second copy of the ICP34.5 gene is substituted with a fourth 

exogenous nucleotide sequence. The third exogenous nucleotide sequence and the fourth 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases), and the two copies of the ICP34.5 gene each independently comprises a 

loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or more bases). 

For example, in certain preferred embodiments, the first copy of the ICP0 gene comprises a 

first loss-of-function mutation, the second copy of the ICP0 gene comprises a second 

loss-of-function mutation; and the first copy of the ICP34.5 gene comprises a third 

loss-of-function mutation, the second copy of the ICP34.5 gene comprises a fourth 

loss-of-function mutation. The first loss-of-function mutation, the second loss-of-function 

mutation, the third loss-of-function mutation, and the fourth loss-of-function mutation may 

be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases), and the two copies of the ICP34.5 gene are deleted. For example, in certain 

preferred embodiments, the first copy of the ICP0 gene comprises a first loss-of-function 

mutation, the second copy of the ICP0 gene comprises a second loss-of-function mutation; 

and, the two copies of ICP34.5 gene are deleted. The first loss-of-function mutation and the 

second loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each independently 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases), and the two copies of the ICP34.5 gene each is independently substituted with 

an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). 

For example, in certain preferred embodiments, the first copy of the ICP0 gene comprises a 

first loss-of-function mutation, the second copy of the ICP0 gene comprises a second 

loss-of-function mutation; and, the first copy of the ICP34.5 gene is substituted with a third 

exogenous nucleotide sequence, and the second copy of the ICP34.5 gene is substituted 

with a fourth exogenous nucleotide sequence. The first loss-of-function mutation and the 
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second loss-of-function mutation may be the same or different. The third exogenous 

nucleotide sequence and the fourth exogenous nucleotide sequence may be the same or 

different. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the 

two copies of the ICP34.5 gene each independently comprises a loss-of-function mutation 

(e.g., addition, deletion, and/or substitution of one or more bases). For example, in certain 

preferred embodiments, the two copies of the ICP0 gene are deleted; and the first copy of 

the ICP34.5 gene comprises a third loss-of-function mutation and the second copy of the 

ICP34.5 gene comprises a fourth loss-of-function mutation. The third loss-of-function 

mutation and the fourth loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the 

two copies of the ICP34.5 gene are deleted. In such embodiments, the viral vector does not 

comprise a gene encoding ICP0 protein and a gene encoding ICP34.5 protein. In certain 

preferred embodiments, the mutated HSV genome lacks a base sequence between nt510 and 

nt5439 and a base sequence between nt120802 and nt125731 of the wild-type HSV-1 viral 

genome. 

In certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the 

two copies of the ICP34.5 gene each is independently substituted with an exogenous 

nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein). For example, 

in certain preferred embodiments, the two copies of the ICP0 gene are deleted; and the first 

copy of the ICP34.5 gene is substituted with a third exogenous nucleotide sequence, the 

second copy of ICP34.5 gene is substituted with a fourth exogenous nucleotide sequence. 

The third exogenous nucleotide sequence and the fourth exogenous nucleotide sequence 

may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein), and the two copies of the ICP34.5 gene each 

independently comprises a loss-of-function mutation (e.g., addition, deletion, and/or 

substitution of one or more bases). For example, in certain preferred embodiments, the first 

copy of the ICP0 gene is substituted with a first exogenous nucleotide sequence and the 

second copy of the ICP0 gene is substituted with a second exogenous nucleotide sequence; 

the first copy of the ICP34.5 gene comprises a third loss-of-function mutation, and the 

second copy of the ICP34.5 gene comprises a fourth loss-of-function mutation. The first 

exogenous nucleotide sequence and the second exogenous nucleotide sequence may be the 

same or different. The third loss-of-function mutation and the fourth-function 

loss-of-function mutation may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein), and the two copies of the ICP34.5 gene are deleted. 

For example, in certain preferred embodiments, the first copy of the ICP0 gene is 

substituted with a first exogenous nucleotide sequence and the second copy of the ICP0 

gene is substituted with a second exogenous nucleotide sequence; the two copies of the 

ICP34.5 gene are deleted. The first exogenous nucleotide sequence and the second 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, the two copies of the ICP0 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein), and the two copies of the ICP34.5 gene each is 

independently substituted with an exogenous nucleotide sequence (e.g., a nucleotide 

sequence encoding a foreign protein). For example, in certain preferred embodiments, the 

first copy of the ICP0 gene is substituted with a first exogenous nucleotide sequence and 

the second copy of the ICP0 gene is substituted with a second exogenous nucleotide 

sequence; the first copy of the ICP34.5 gene is substituted with a third exogenous 
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nucleotide sequence and the second copy of the ICP34.5 gene is substituted with a fourth 

exogenous nucleotide sequence. The first exogenous nucleotide sequence, the second 

exogenous nucleotide sequence, the third exogenous nucleotide sequence, and the fourth 

exogenous nucleotide sequence may be the same or different. 

In certain preferred embodiments, the first loss-of-function mutation, the second 

loss-of-function mutation, the third loss-of-function mutation, and the fourth 

loss-of-function mutation each is independently selected from the group consisting of 

missense mutation, nonsense mutation, frameshift mutation, base deletion, base substitution, 

base addition, and any combination thereof (e.g., deletion or substitution or addition of 

gene fragment). 

In certain preferred embodiments, the first exogenous nucleotide sequence, the second 

exogenous nucleotide sequence, the third exogenous nucleotide sequence, and the fourth 

exogenous nucleotide sequence each independently encodes an exogenous protein selected 

from the group consisting of fluorescent protein, immunomodulatory polypeptide, cytokine, 

chemokine, antibody, and cytotoxic peptide. 

In certain preferred embodiments, the fluorescent protein is selected from the group 

consisting of green fluorescent protein (e.g., green fluorescent protein having an amino acid 

sequence set forth in SEQ ID NO: 7), red fluorescent protein, blue fluorescent protein, 

yellow fluorescent protein, and any combination thereof. 

In certain preferred embodiments, the immunomodulatory polypeptide is selected from 

the group consisting of CD40L, OX40L, inducible costimulatory molecules (ICOS), FTL3L, 

LIGHT, CD137L, CD70, 4-1BB, GITR, CD28, and any combination thereof. 

In certain preferred embodiments, the cytokine is selected from the group consisting of 

interleukin (e.g., IL-2, IL-12, and IL-15), interferon (e.g., IFNα, IFNβ, IFNγ), tumor 

necrosis factor (e.g., TNFα), colony stimulating factor (e.g., GM-CSF), and any 

combination thereof. 

In certain preferred embodiments, the chemokine is selected from the group consisting 

of CCL2, RANTES, CCL7, CCL9, CCL10, CCL12, CCL15, CCL19, CCL21, CCL20, 

XCL-1, and any combination thereof. 

In certain preferred embodiments, the cytotoxic peptide is selected from the group 

consisting of thymidine kinase TK (TK/GCV), TRAIL, FasL, and any combination thereof. 

In certain preferred embodiments, the antibody is selected from the group consisting of 

anti-PD-1 antibody, anti-PD-L1 antibody, anti-TIGIT antibody, anti-BTLA antibody, 

anti-CTLA-4 antibody, anti-Tim-3 antibody, anti-Lag-3 antibody, anti-CD137 antibody, 

anti-OX40 antibody, anti-GITR antibody, anti-CD73 antibody, anti-KIR antibody, 

anti-ICOS antibody, anti-CSF1R antibody, anti-EGFR antibody, anti-VEGFR antibody, 

anti-HER2 antibody, anti-PDGFR antibody, and any combination thereof. 

In certain preferred embodiments, the foreign protein is an anti-PD-L1 antibody, an 

anti-PD-1 antibody, or any combination thereof. For example, the foreign protein is an 

anti-PD-1 single chain antibody. 

 

In certain preferred embodiments, the mutated HSV genome is derived from an HSV-1 

virus, an HSV-2 virus, or an HSV-1/HSV-2 chimeric virus (i.e., a recombinant HSV virus 

which genome comprises both an DNA derived from HSV-1 and an DNA derived from 

HSV-2). In certain preferred embodiments, the mutated HSV genome is derived from a 

genome of HSV-1 strain KOS. In certain preferred embodiments, the mutated HSV genome 

is derived from a genome set forth in GenBank: JQ673480.1. 

In certain preferred embodiments, the mutated HSV genome is capable of expressing a 

functional UL43 protein, a functional UL41 protein (i.e., a vhs protein), a functional UL48 

protein (i.e., a VMW65 protein), or any combination thereof. In certain preferred 

embodiments, the mutated HSV genome is capable of expressing a functional UL43 protein. 

In certain preferred embodiments, the mutated HSV genome is capable of expressing a 
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functional UL41 protein. In certain preferred embodiments, the mutated HSV genome is 

capable of expressing a functional UL48 protein. In certain preferred embodiments, the 

mutated HSV genome is capable of expressing a functional UL43 protein and a functional 

UL41 protein. In certain preferred embodiments, the mutated HSV genome is capable of 

expressing a functional UL43 protein and a functional UL48 protein. In certain preferred 

embodiments, the mutated HSV genome is capable of expressing a functional UL41 protein 

and a functional UL48 protein. In certain preferred embodiments, the mutated HSV genome 

is capable of expressing a functional UL43 protein, a functional UL41 protein, and a 

functional UL48 protein. 

In certain preferred embodiments, the mutated HSV genome comprises a UL43 gene 

capable of expressing a functional UL43 protein, a UL41 gene (i.e., a vhs gene) capable of 

expressing a functional UL41 protein, and/or a UL48 gene (i.e., a VMW65 gene) capable of 

expressing a functional UL48 protein. In certain preferred embodiments, the mutated HSV 

genome comprises a UL43 gene capable of expressing a functional UL43 protein. In certain 

preferred embodiments, the mutated HSV genome comprises a UL41 gene capable of 

expressing a functional UL41 protein. In certain preferred embodiments, the mutated HSV 

genome comprises a UL48 gene capable of expressing a functional UL48 protein. In certain 

preferred embodiments, the mutated HSV genome comprises a UL43 gene capable of 

expressing a functional UL43 protein, and a UL41 gene capable of expressing a functional 

UL41 protein. In certain preferred embodiments, the mutated HSV genome comprises a 

UL43 gene capable of expressing a functional UL43 protein, and a UL48 gene capable of 

expressing a functional UL48 protein. In certain preferred embodiments, the mutated HSV 

genome comprises a UL41 gene capable of expressing a functional UL41 protein, and a 

UL48 gene capable of expressing a functional UL48 protein. In certain preferred 

embodiments, the mutated HSV genome comprises a UL43 gene capable of expressing a 

functional UL43 protein, a UL41 gene capable of expressing a functional UL41 protein, and 

a UL48 gene capable of expressing a functional UL48 protein. 

In certain preferred embodiments, the mutated HSV genome comprises a UL43 gene, a 

UL41 gene (i.e., a vhs gene), and/or a UL48 gene (i.e., a VMW65 gene), and the UL43 gene, 

the UL41 gene, and/or the UL48 gene do not comprise a loss-of-function mutation. In 

certain preferred embodiments, the mutated HSV genome comprises a UL43 gene that does 

not comprise a loss-of-function mutation. In certain preferred embodiments, the mutated 

HSV genome comprises a UL41 gene that does not comprise a loss-of-function mutation. In 

certain preferred embodiments, the mutated HSV genome comprises a UL48 gene that does 

not comprise a loss-of-function mutation. In certain preferred embodiments, the mutated 

HSV genome comprises a UL43 gene and a UL41 gene that do not comprise a 

loss-of-function mutation. In certain preferred embodiments, the mutated HSV genome 

comprises a UL43 gene and a UL48 gene that do not comprise a loss-of-function mutation. 

In certain preferred embodiments, the mutated HSV genome comprises a UL41 gene and a 

UL48 gene that do not comprise a loss-of-function mutation. In certain preferred 

embodiments, the mutated HSV genome comprises a UL43 gene, a UL41 gene, and a UL48 

gene that do not comprise a loss-of-function mutation. 

In certain preferred embodiments, the mutated HSV genome further comprises a 

modification in which one or more non-essential genes are deleted or mutated (e.g., 

comprise a loss-of-function mutation, or are substituted with an exogenous nucleotide 

sequence). In certain preferred embodiments, the non-essential gene is selected from the 

group consisting of UL3 gene, UL4 gene, UL14 gene, UL16 gene, UL21 gene, UL24 gene, 

UL31 gene, UL32 gene, US3 gene, UL51 gene, UL55 gene, UL56 Gene, US2 gene, US12 

gene (i.e., ICP47 gene), LAT gene, nucleotide fragment corresponding to nt5853-nt7485 of 

JQ673480.1, and any combination thereof. In certain preferred embodiments, in the 

mutated HSV genome, the UL3 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 
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certain preferred embodiments, in the mutated HSV genome, the UL4 gene is deleted or 

mutated (e.g., comprises a loss-of-function mutation, or is substituted with an exogenous 

nucleotide sequence). In certain preferred embodiments, in the mutated HSV genome, the 

UL14 gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is 

substituted with an exogenous nucleotide sequence). In certain preferred embodiments, in 

the mutated HSV genome, the UL16 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the mutated HSV genome, the UL21 gene is deleted or 

mutated (e.g., comprises a loss-of-function mutation, or is substituted with an exogenous 

nucleotide sequence). In certain preferred embodiments, in the mutated HSV genome, the 

UL24 gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is 

substituted with an exogenous nucleotide sequence). In certain preferred embodiments, in 

the mutated HSV genome, the UL31 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the mutated HSV genome, the UL32 gene is deleted or 

mutated (e.g., comprises a loss-of-function mutation, or is substituted with an exogenous 

nucleotide sequence). In certain preferred embodiments, in the mutated HSV genome, the 

US3 gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is 

substituted with an exogenous nucleotide sequence). In certain preferred embodiments, in 

the mutated HSV genome, the UL51 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the mutated HSV genome, the UL55 gene is deleted or 

mutated (e.g., comprises a loss-of-function mutation, or is substituted with an exogenous 

nucleotide sequence). In certain preferred embodiments, in the mutated HSV genome, the 

UL56 gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is 

substituted with an exogenous nucleotide sequence). In certain preferred embodiments, in 

the mutated HSV genome, the US2 gene is deleted or mutated (e.g., comprises a 

loss-of-function mutation, or is substituted with an exogenous nucleotide sequence). In 

certain preferred embodiments, in the mutated HSV genome, the US12 gene is deleted or 

mutated (e.g., comprises a loss-of-function mutation, or is substituted with an exogenous 

nucleotide sequence). In certain preferred embodiments, in the mutated HSV genome, the 

LAT gene is deleted or mutated (e.g., comprises a loss-of-function mutation, or is 

substituted with an exogenous nucleotide sequence). In certain preferred embodiments, in 

the mutated HSV genome, a nucleotide fragment of nt5853-nt7485 corresponding to 

JQ673480.1 is deleted or mutated (e.g., comprises a loss-of-function mutation, or is 

substituted with an exogenous nucleotide sequence). 

In certain preferred embodiments, the mutated HSV genome further comprises one or 

more of the following modifications: deletion or mutation of one or more of UL55 gene, 

US2 gene, LAT gene, and nucleotide fragment corresponding to nt5853-nt7485 of 

JQ673480.1 (for example, comprising a loss-of-function mutation, or being substituted with 

an exogenous nucleotide sequence). In certain preferred embodiments, the mutated HSV 

genome further comprises a modification: deletion or mutation of UL55 gene, US2 gene, 

LAT gene, or nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1 (for 

example, comprising a loss-of-function mutation or being substituted with an exogenous 

nucleotide sequence). 

In certain preferred embodiments, the essential gene in the mutated HSV genome is not 

deleted and does not comprise a loss-of-function mutation. In certain preferred 

embodiments, the coding sequence of the essential gene in the mutated HSV genome is not 

deleted or mutated. In certain preferred embodiments, the mutated HSV genome is capable 

of expressing all essential genes. In certain preferred embodiments, the mutated HSV 

genome comprises all essential genes, and none of the essential genes comprises a 

loss-of-function mutation. In certain preferred embodiments, the mutated HSV genome 
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comprises all essential genes, and none of the coding sequences of the essential genes 

comprises a mutation. In general, the essential genes are essential for survival and 

replication of the HSV virus, and therefore, in the genome of the recombinant HSV virus, 

none of the essential genes comprises a loss-of-function mutation. However, it is readily 

understood that a promoter of such essential gene can be engineered (for example, a native 

promoter of the essential gene is substituted with a tumor-specific promoter, such as a 

promoter of hTERT), thereby further enhancing the safety of the recombinant HSV virus 

without affecting the functions/properties of the recombinant HSV virus of the invention. 

Thus, in certain preferred embodiments, in the mutated HSV genome, a native promoter of 

one or more of the essential genes is substituted with a tumor-specific promoter, such as a 

promoter of hTERT. In certain preferred embodiments, the essential gene is selected from 

the group consisting of ICP27 gene, ICP4 gene, VP5 gene, gL gene, gH gene, gD gene, gK 

gene, gB gene, gN gene, UL5 gene, UL6 gene, UL8 Gene, UL9 gene, UL12 gene, UL25 

gene, UL26 gene, UL28 gene, UL29 gene, UL30 gene, UL33 gene, UL36 gene, UL38 gene, 

UL42 gene, UL48 gene, UL52 gene, and any combination thereof. 

In certain preferred embodiments, the mutated HSV genome comprises all other genes 

of the wild-type HSV virus, except for the two copies of the ICP0 gene and the two copies 

of the ICP34.5 gene as described above, and none of the other genes comprises a 

loss-of-function mutation. However, it is readily understood that a promoter of the other 

genes can be engineered (e.g., a native promoter can be substituted with a tumor-specific 

promoter, such as a promoter of hTERT), thereby further enhancing the safety of the 

recombinant HSV virus without affecting the functions/properties of the recombinant HSV 

virus of the invention. Thus, in certain preferred embodiments, the mutated HSV genome 

further comprises the following modification: a native promoter of one or more of HSV 

genes is substituted with a tumor-specific promoter, such as a promoter of hTERT. In 

certain preferred embodiments, the HSV gene is selected from the group consisting of VP5 

gene, ICP27 gene, and ICP4 gene. 

In certain preferred embodiments, the mutated HSV genome further comprises one or 

more modifications selected from the group consisting of: 

(1) substitution of a native promoter of the VP5 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(2) substitution of a native promoter of the ICP27 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(3) substitution of a native promoter of the ICP4 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(4) deletion or mutation of one or more of the UL55 gene, the US2 gene, the LAT gene, 

and the nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1 (for example, 

comprising a loss-of-function mutation, or being substituted with an exogenous nucleotide 

sequence). 

In certain preferred embodiments, the hTERT promoter has the sequence set forth in 

SEQ ID NO: 5. 

In addition, the mutated HSV genome can also be modified to carry one or more 

exogenous nucleotide sequences. For example, in certain preferred embodiments, the 

mutated HSV genome further comprises a fifth exogenous nucleotide sequence. In certain 

preferred embodiments, the fifth exogenous nucleotide sequence encodes a foreign protein 

selected from the group consisting of fluorescent protein, immunomodulatory polypeptide, 

cytokine, chemokine, antibody, and cytotoxic peptide. 

 

Host cell 
In another aspect, the invention provides a host cell, which is infected with a 

recombinant HSV virus according to the invention, or comprises the genome of the 

recombinant HSV virus according to the invention, or is transfected with a viral vector 
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according to the invention. Such host cell includes, but is not limited to, prokaryotic cell 

such as E. coli cell, and eukaryotic cell such as yeast cell, insect cell, plant cell, and animal 

cell (e.g., mammalian cell, such as mouse cell, human cell, etc.). The recombinant HSV 

virus of the present invention has high replication ability in a tumor cell, but only replicates 

at a low level in a normal cell. Thus, in certain particularly preferred embodiments, the cell 

is a tumor cell. Such tumor cell includes, but is not limited to, lung cancer cell (e.g., H1299, 

H520, H1975, NCI-H358, and A549); liver cancer cell (e.g., Huh7, Hep3B, HepG2, 

GSG7701, SMMC7721, Hepa1-6, BEL7404, PLC/PRF and QGY7703); breast cancer cell 

(e.g., MADMB231, MCF7 and MADMB468); osteosarcoma cell (e.g., U2OS and SAOS2); 

ovarian cancer cell (e.g., SKOV3 and CAOV3); cervical cancer cell (e.g., SiHA and Hela); 

prostate cancer cell (e.g., PC-3); glioma cell (e.g., U87MG); melanoma cells (e.g., A375); 

colorectal cancer cell (e.g., HCT116) and pancreatic cancer cell (e.g., Panc-1). 

 

Preparation 

In another aspect, the invention relates to a method of preparing a recombinant HSV virus 

of the invention, comprising: 

(1) cultivating a host cell according to the present invention; 

(2) collecting and lysing the host cell after the host cell has undergone a lesion, to obtain a 

lysate of the host cell; and 

(3) recovering the recombinant HSV virus of the present invention from the lysate. 

 

Pharmaceutical composition 

In another aspect, the invention relates to a pharmaceutical composition comprising the 

recombinant HSV virus according to the invention, or the genome of the recombinant HSV 

virus according to the invention, or the viral vector according to the invention, and a 

pharmaceutically acceptable carrier or excipient. The pharmaceutical composition of the 

present invention can be used for treatment of a tumor, such as lung cancer, liver cancer, breast 

cancer, osteosarcoma, ovarian cancer, prostate cancer, glioma, melanoma, colorectal cancer, 

and pancreatic cancer. 

The pharmaceutical composition of the invention may be administered by methods well 

known in the art such as, but not limited to, administration by injection. In certain preferred 

embodiments, the pharmaceutical composition of the invention is administered by injection 

(e.g., intratumoral injection). In certain preferred embodiments, the pharmaceutical 

composition of the invention is an injectable solution or a lyophilized powder. 

In certain preferred embodiments, the recombinant HSV virus or the genome of the 

recombinant HSV virus or the viral vector is present in a therapeutically effective amount (e.g., 

an amount therapeutically effective in tumor treatment). In certain preferred embodiments, the 

pharmaceutical composition of the invention is presented in a unit dosage form. For example, 

but not intended to limit the invention, the amount of the recombinant HSV virus comprised in 

per unit dose of the pharmaceutical composition may be 10
2
-10

9
 pfu, such as 10

2
-10

3
 pfu, 

10
3
-10

4
 pfu, 10

4
-10

5
 pfu, 10

5
-10

6
 pfu, 10

6
-10

7 
pfu, 10

7
-10

8
 pfu, or 10

8
-10

9
 pfu. 

 

Use / method of use 

The recombinant HSV virus of the present invention can be used in treatment of various 

tumors. Accordingly, in another aspect, the present invention relates to a method of treating a 

tumor, comprising administering to a subject in need thereof a therapeutically effective amount 

of the recombinant HSV virus of the invention or the viral vector of the invention or the 

pharmaceutical composition of the invention. In certain preferred embodiments, the tumor 

includes, but is not limited to, lung cancer, liver cancer, breast cancer, osteosarcoma, ovarian 

cancer, prostate cancer, glioma, melanoma, colorectal cancer, and pancreatic cancer. In certain 

preferred embodiments, the subject is a mammal, such as a human. In certain preferred 

embodiments, the recombinant HSV virus of the invention or the viral vector of the invention 
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or the pharmaceutical composition of the invention is administered to the subject by injection 

(e.g., intratumoral injection). 

In another aspect, the invention relates to a use of the recombinant HSV virus of the 

invention or the viral vector of the invention in manufacture of a pharmaceutical composition 

for treating a tumor in a subject. In certain preferred embodiments, the tumor includes, but is 

not limited to, lung cancer, liver cancer, breast cancer, osteosarcoma, ovarian cancer, prostate 

cancer, glioma, melanoma, colorectal cancer, and pancreatic cancer. In certain preferred 

embodiments, the subject is a mammal, such as a human. In certain preferred embodiments, the 

pharmaceutical composition is administered by injection (e.g., intratumoral injection). In 

certain preferred embodiments, the pharmaceutical composition is an injectable solution or a 

lyophilized powder. 

 

Advantageous effects of the invention 

Compared with the recombinant herpes simplex viruses of the prior art, the recombinant 

HSV virus of the present invention has the following beneficial technical effects: the 

recombinant HSV virus of the present invention has a high level of replication ability in tumor 

cells, and is capable of effectively killing various tumor cells, but has a significantly reduced 

level of replication and killing ability in normal cells. Furthermore, it has also been shown that 

the recombinant HSV virus of the invention has a significantly reduced level of neurotoxicity 

in animals and can be administered to an animal at a significantly increased dose. Therefore, 

compared with the existing recombinant HSV viruses, the recombinant HSV virus of the 

present invention not only maintains a high level of oncolytic ability, but also has a 

significantly improved level of safety, thus can be administered at a higher dose, and has broad 

application prospects. 

 

Description of sequence information 
Information on the sequences involved in the present invention is provided in Table 1. 

Table 1: Sequence information 
SEQ ID NO: Description SEQ ID NO: Description 

1 
GenBank: nt33 to nt5876 of 

JQ673480.1 
2 Gene sequence of LacZ 

3 
GenBank: nt112861 to 

nt113422 of JQ673480.1 
4 

GenBank: nt113590 to nt115194 

of JQ673480.1 

5 hTERT core promotor sequence 6 
GenBank: nt510 (125731) to 

nt5439 (120802) of JQ673480.1 

7 Amino acid sequence of GFP 8 
Amino acid sequence of PD-1 

scFv 

9-16 Primer sequences 17 
GenBank: nt91088-nt92557 of 

JQ673480.1 

18 
GenBank: nt94721-nt95968 of 

JQ673480.1 
19 

GenBank: nt103527-nt104999 

of JQ673480.1 

20 
GenBank: nt115418-nt115978 

of JQ673480.1 
21 

GenBank: nt133911-nt134786 

of JQ673480.1 

22 
GenBank: nt4781-nt7062 of 

JQ673480.1 
23 

GenBank: nt5853-nt7485 of 

JQ673480.1 

 
SEQ ID NO: 1 

GCAAAAAAGGCGGGCGGCGGTCCGGGCGGCGTGCGCGCGCGCGGCGGGCGTGGGGGGCGGGGC

CGCGGGAGCGGGGGAGGAGCGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGA

GGAGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGG

AGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGGAGCGGGGGGAGGAG

CGGGGGGAGGAGCGGGGGGAGGAGCGGGGGAGGAGCGGCCAGACCCCGGAAACGGGCCCCCCC

CAAAACACACCCCCCGGGGGTCGCGCGCGGCCCTTTAAAGGCGGGCGGCGGGCAGCCCGGGCCC

CCCGCGGCCGAGACTAGCGAGTTAGACAGGCAAGCACTACTCGCCTCTGCACGCACATGCTTGCC

TGTCAAACTCTACCACCCCGGCACGCTCTCTGTCTCCATGGCCCGCCGCCGCCATCGCGGCCCCCG

CCGCCCCCGGCCGCCCGGGCCCACGGGCGCGGTCCCAACCGCACAGTCCCAGGTAACCTCCACGC
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CCAACTCGGAACCCGTGGTCAGGAGCGCGCCCGCGGCCGCCCCGCCGCCGCCCCCCGCCAGTGGG

CCCCCGCCTTCTTGTTCGCTGCTGCTGCGCCAGTGGCTCCACGTTCCCGAGTCCGCGTCCGACGAC

GACGACGACGACTGGCCGGACAGCCCCCCGCCCGAGCCGGCGCCAGAGGCCCGGCCCACCGCCG

CCGCCCCCCGCCCCCGGTCCCCACCGCCCGGCGCGGGCCCGGGGGGCGGGGCTAACCCCTCCCAC

CCCCCCTCACGCCCCTTCCGCCTTCCGCCGCGCCTCGCCCTCCGCCTGCGCGTCACCGCAGAGCAC

CTGGCGCGCCTGCGCCTGCGACGCGCGGGCGGGGAGGGGGCGCCGAAGCCCCCCGCGACCCCCG

CGACCCCCGCGACCCCCACGCGGGTGCGCTTCTCGCCCCACGTCCGGGTGCGCCACCTGGTGGTC

TGGGCCTCGGCCGCCCGCCTGGCGCGCCGCGGCTCGTGGGCCCGCGAGCGGGCCGACCGGGCTCG

GTTCCGGCGCCGGGTGGCGGAGGCCGAGGCGGTCATCGGGCCGTGCCTGGGGCCCGAGGCCCGT

GCCCGGGCCCTGGCCCGCGGAGCCGGCCCGGCGAACTCGGTCTAACGTTACACCCGAGGCGGCCT

GGGTCTTCCGCGGAGCTCCCGGGAGCTCCGCACCAAGCCGCTCTCCGGAGAGACGATGGCAGGA

GCCGCGCATATATACGCTTGGAGCCGGCCCGCCCCCGAGGCGGGCCCGCCCTCGGAGGGCGGGA

CTGGCCAATCGGCGGCCGCCAGCGCGGCGGGGCCCGGCCAACCAGCGTCCGCCGAGTCGTCGGG

GCCCGGCCCACTGGGCGGTAACTCCCGCCCAGTGGGCCGGGCCGCCCACTTCCCGGTATGGTAAT

TAAAAACTTGCAGAGGCCTTGTTCCGCTTCCCGGTATGGTAATTAGAAACTCATTAATGGGCGGC

CCCGGCCGCCCTTCCCGCTTCCGGCAATTCCCGCGGCCCTTAATGGGCAACCCCGGTATTCCCCGC

CTCCCGCGCCGCGCGTAACCACTCCCCTGGGGTTCCGGGTTATGTTAATTGCTTTTTTGGCGGAAC

ACACGGCCCCTCGCGCATTGGCCCGCGGGTCGCTCAATGAACCCGCATTGGTCCCCTGGGGTTCC

GGGTATGGTAATGAGTTTCTTCGGGAAGGCGGGAAGCCCCGGGGCACCGACGCAGGCCAAGCCC

CTGTTGCGTCGGCGGGAGGGGCATGCTAATGGGGTTCTTTGGGGGACACCGGGTTGGTCCCCCAA

ATCGGGGGCCGGGCCGTGCATGCTAATGATATTCTTTGGGGGCGCCGGGTTGGTCCCCGGGGACG

GGGCCGCCCCGCGGTGGGCCTGCCTCCCCTGGGACGCGCGGCCATTGGGGGAATCGTCACTGCCG

CCCCTTTGGGGAGGGGAAAGGCGTGGGGTATAAGTTAGCCCTGGCCCGACGGTCTGGTCGCATTT

GCACCTCGGCACTCGGAGCGAGACGCAGCAGCCAGGCAGACTCGGGCCGCCCCCTCTCCGCATCA

CCACAGAAGCCCCGCCTACGTTGCGACCCCCAGGGACCCTCCGTCAGCGACCCTCCAGCCGCATA

CGACCCCCATGGAGCCCCGCCCCGGAGCGAGTACCCGCCGGCCTGAGGGCCGCCCCCAGCGCGA

GGTGAGGGGCCGGGCGCCATGTCTGGGGCGCCATGTTGGGGGGCGCCATGTTGGGGGGCGCCAT

GTTGGGGGACCCCCGACCCTTACACTGGAACCGGCCGCCATGTTGGGGGACCCCCACTCATACAC

GGGAGCCGGGCGCCATGTTGGGGCGCCATGTTAGGGGGCGTGGAACCCCGTGACACTATATATAC

AGGGACCGGGGGCGCCATGTTAGGGGGCGCGGAACCCCCTGACCCTATATATACAGGGACCGGG

GTCGCCCTGTTAGGGGTCGCCATGTGACCCCCTGACTTTATATATACAGACCCCCAACACCTACAC

ATGGCCCCTTTGACTCAGACGCAGGGCCCGGGGTCGCCGTGGGACCCCCCTGACTCATACACAGA

GACACGCCCCCACAACAAACACACAGGGACCGGGGTCGCCGTGTTAGGGGGCGTGGTCCCCACT

GACTCATACGCAGGGCCCCCTTACTCACACGCATCTAGGGGGGTGGGGAGGAGCCGCCCGCCATA

TTTGGGGGACGCCGTGGGACCCCCGACTCCGGTGCGTCTGGAGGGCGGGAGAAGAGGGAAGAAG

AGGGGTCGGGATCCAAAGGACGGACCCAGACCACCTTTGGTTGCAGACCCCTTTCTCCCCCCTCTT

CCGAGGCCAGCAGGGGGGCAGGACTTTGTGAGGCGGGGGGGGAGGGGGAACTCGTGGGCGCTGA

TTGACGCGGGAAATCCCCCCATTCTTACCCGCCCCCCCTTTTTTCCCCTCAGCCCGCCCCGGATGT

CTGGGTGTTTCCCTGCGACCGAGACCTGCCGGACAGCAGCGACTCGGAGGCGGAGACCGAAGTG

GGGGGGCGGGGGGACGCCGACCACCATGACGACGACTCCGCCTCCGAGGCGGACAGCACGGACA

CGGAACTGTTCGAGACGGGGCTGCTGGGGCCGCAGGGCGTGGATGGGGGGGCGGTCTCGGGGGG

GAGCCCCCCCCGCGAGGAAGACCCCGGCAGTTGCGGGGGCGCCCCCCCTCGAGAGGACGGGGGG

AGCGACGAGGGCGACGTGTGCGCCGTGTGCACGGATGAGATCGCGCCCCACCTGCGCTGCGACA

CCTTCCCGTGCATGCACCGCTTCTGCATCCCGTGCATGAAAACCTGGATGCAATTGCGCAACACCT

GCCCGCTGTGCAACGCCAAGCTGGTGTACCTGATAGTGGGCGTGACGCCCAGCGGGTCGTTCAGC

ACCATCCCGATCGTGAACGACCCCCAGACCCGCATGGAGGCCGAGGAGGCCGTCAGGGCGGGCA

CGGCCGTGGACTTTATCTGGACGGGCAATCAGCGGTTCGCCCCGCGGTACCTGACCCTGGGGGGG

CACACGGTGAGGGCCCTGTCGCCCACCCACCCTGAGCCCACCACGGACGAGGATGACGACGACCT

GGACGACGGTGAGGCGGGGGGGCGGCGAGGACCCTGGGGGAGGAGGAGGAGGGGGGGGGGAGG

GAGGAATAGGCGGGCGGGCGGGCGAGGAAAGGGCGGGCCGGGGAGGGGGCGTAACCTGATCGC

GCCCCCCGTTGTCTCTTGCAGCAGACTACGTACCGCCCGCCCCCCGCCGGACGCCCCGCGCCCCCC

CACGCAGAGGCGCCGCCGCGCCCCCCGTGACGGGCGGGGCGTCTCACGCAGCCCCCCAGCCGGC

CGCGGCTCGGACAGCGCCCCCCTCGGCGCCCATCGGGCCACACGGCAGCAGTAACACTAACACCA

CCACCAACAGCAGCGGCGGCGGCGGCTCCCGCCAGTCGCGAGCCGCGGTGCCGCGGGGGGCGTC

TGGCCCCTCCGGGGGGGTTGGGGTTGTTGAAGCGGAGGCGGGGCGGCCGAGGGGCCGGACGGGC

CCCCTTGTCAACAGACCCGCCCCCCTTGCAAACAACAGAGACCCCATAGTGATCAGCGACTCCCC

CCCGGCCTCTCCCCACAGGCCCCCCGCGGCGCCCATGCCAGGCTCCGCCCCCCGCCCCGGTCCCCC

CGCGTCCGCGGCCGCGTCGGGCCCCGCGCGCCCCCGCGCGGCCGTGGCCCCGTGTGTGCGGGCGC

CGCCTCCGGGGCCCGGCCCCCGCGCCCCGGCCCCCGGGGCGGAGCCGGCCGCCCGCCCCGCGGAC

GCGCGCCGTGTGCCCCAGTCGCACTCGTCCCTGGCTCAGGCCGCGAACCAAGAACAGAGTCTGTG

CCGGGCGCGTGCGACGGTGGCGCGCGGCTCGGGGGGGCCGGGCGTGGAGGGTGGACACGGGCCC

TCCCGCGGCGCCGCCCCCTCCGGCGCCGCCCCCTCCGGCGCCCCCCCGCTCCCCTCCGCCGCCTCT

GTCGAGCAGGAGGCGGCGGTGCGTCCGAGGAAGAGGCGCGGGTCGGGCCAGGAAAACCCCTCCC
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CCCAGTCCACGCGTCCCCCCCTCGCGCCGGCAGGGGCCAAGAGGGCGGCGACGCACCCCCCCTCC

GACTCAGGGCCGGGGGGGCGCGGCCAGGGAGGGCCCGGGACCCCCCTGACGTCCTCGGCGGCCT

CCGCCTCTTCCTCCTCCGCCTCTTCCTCCTCGGCCCCGACTCCCGCGGGGGCCACCTCTTCCGCCAC

CGGGGCCGCGTCCTCCTCCGCTTCCGCCTCCTCGGGCGGGGCCGTCGGTGCCCTGGGAGGGAGAC

AAGAGGAAACCTCCCTCGGCCCCCGCGCTGCTTCTGGGCCGCGGGGGCCGAGGAAGTGTGCCCGG

AAGACGCGCCACGCGGAGACTTCCGGGGCCGTCCCCGCGGGCGGCCTCACGCGCTACCTGCCCAT

CTCGGGGGTCTCTAGCGTGGTCGCCCTGTCGCCTTACGTGAACAAGACGATCACGGGGGACTGCC

TGCCCATCCTGGACATGGAGACGGGGAACATCGGGGCGTACGTGGTCCTGGTGGACCAGACGGG

AAACATGGCGACCCGGCTGCGGGCCGCGGTCCCCGGCTGGAGCCGCCGCACCCTGCTCCCCGAGA

CCGCGGGTAACCACGTGACGCCCCCCGAGTACCCGACGGCCCCCGCGTCGGAGTGGAACAGCCTC

TGGATGACCCCCGTGGGGAACATGCTGTTCGACCAGGGCACCCTAGTGGGCGCCCTGGACTTCCG

CAGCCTGCGGTCTCGGCACCCGTGGTCCGGGGAGCAGGGGGCGTCGACCCGGGACGAGGGAAAA

CAATAAGGGACGCCCCCGTGTTTGTGGGGAGGGGGGGGTCGGGCGCTGGGTGGTCTCTGGCCGCG

CCCACTACACCAGCCAATCCGTGTCGGGGAGGTGGAAAGTGAAAGACACGGGCACCACACACCA

GCGGGTCTTTTGTGTTGGCCCTAATAAAAAAAACTCAGGGGATTTTTGCTGTCTGTTGGGAAATAA

AGGTTTACTTTTGTATCTTTTCCCTGTCTGTGTTGGATGTATCGCGGGGGTGCGTGGGAGTGGGGG

TGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGG

TGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGG

TGCCATGTTGGGCAGGCTCTGGTGTT 

 

SEQ ID NO: 2 
GTCGTTTTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACAT

CCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCG

CAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGC

TGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTAC

GATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAG

AATCCGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGAC

GCGAATTATTTTTGATGGCGTTAACTCGGCGTTTCATCTGTGGTGCAACGGGCGCTGGGTCGGTTA

CGGCCAGGACAGTCGTTTGCCGTCTGAATTTGACCTGAGCGCATTTTTACGCGCCGGAGAAAACC

GCCTCGCGGTGATGGTGCTGCGCTGGAGTGACGGCAGTTATCTGGAAGATCAGGATATGTGGCGG

ATGAGCGGCATTTTCCGTGACGTCTCGTTGCTGCATAAACCGACTACACAAATCAGCGATTTCCAT

GTTGCCACTCGCTTTAATGATGATTTCAGCCGCGCTGTACTGGAGGCTGAAGTTCAGATGTGCGGC

GAGTTGCGTGACTACCTACGGGTAACAGTTTCTTTATGGCAGGGTGAAACGCAGGTCGCCAGCGG

CACCGCGCCTTTCGGCGGTGAAATTATCGATGAGCGTGGTGGTTATGCCGATCGCGTCACACTAC

GTCTGAACGTCGAAAACCCGAAACTGTGGAGCGCCGAAATCCCGAATCTCTATCGTGCGGTGGTT

GAACTGCACACCGCCGACGGCACGCTGATTGAAGCAGAAGCCTGCGATGTCGGTTTCCGCGAGGT

GCGGATTGAAAATGGTCTGCTGCTGCTGAACGGCAAGCCGTTGCTGATTCGAGGCGTTAACCGTC

ACGAGCATCATCCTCTGCATGGTCAGGTCATGGATGAGCAGACGATGGTGCAGGATATCCTGCTG

ATGAAGCAGAACAACTTTAACGCCGTGCGCTGTTCGCATTATCCGAACCATCCGCTGTGGTACAC

GCTGTGCGACCGCTACGGCCTGTATGTGGTGGATGAAGCCAATATTGAAACCCACGGCATGGTGC

CAATGAATCGTCTGACCGATGATCCGCGCTGGCTACCGGCGATGAGCGAACGCGTAACGCGAATG

GTGCAGCGCGATCGTAATCACCCGAGTGTGATCATCTGGTCGCTGGGGAATGAATCAGGCCACGG

CGCTAATCACGACGCGCTGTATCGCTGGATCAAATCTGTCGATCCTTCCCGCCCGGTGCAGTATGA

AGGCGGCGGAGCCGACACCACGGCCACCGATATTATTTGCCCGATGTACGCGCGCGTGGATGAAG

ACCAGCCCTTCCCGGCTGTGCCGAAATGGTCCATCAAAAAATGGCTTTCGCTACCTGGAGAGACG

CGCCCGCTGATCCTTTGCGAATACGCCCACGCGATGGGTAACAGTCTTGGCGGTTTCGCTAAATAC

TGGCAGGCGTTTCGTCAGTATCCCCGTTTACAGGGCGGCTTCGTCTGGGACTGGGTGGATCAGTCG

CTGATTAAATATGATGAAAACGGCAACCCGTGGTCGGCTTACGGCGGTGATTTTGGCGATACGCC

GAACGATCGCCAGTTCTGTATGAACGGTCTGGTCTTTGCCGACCGCACGCCGCATCCAGCGCTGA

CGGAAGCAAAACACCAGCAGCAGTTTTTCCAGTTCCGTTTATCCGGGCAAACCATCGAAGTGACC

AGCGAATACCTGTTCCGTCATAGCGATAACGAGCTCCTGCACTGGATGGTGGCGCTGGATGGTAA

GCCGCTGGCAAGCGGTGAAGTGCCTCTGGATGTCGCTCCACAAGGTAAACAGTTGATTGAACTGC

CTGAACTACCGCAGCCGGAGAGCGCCGGGCAACTCTGGCTCACAGTACGCGTAGTGCAACCGAA

CGCGACCGCATGGTCAGAAGCCGGGCACATCAGCGCCTGGCAGCAGTGGCGTCTGGCGGAAAAC

CTCAGTGTGACGCTCCCCGCCGCGTCCCACGCCATCCCGCATCTGACCACCAGCGAAATGGATTTT

TGCATCGAGCTGGGTAATAAGCGTTGGCAATTTAACCGCCAGTCAGGCTTTCTTTCACAGATGTGG

ATTGGCGATAAAAAACAACTGCTGACGCCGCTGCGCGATCAGTTCACCCGTGCACCGCTGGATAA

CGACATTGGCGTAAGTGAAGCGACCCGCATTGACCCTAACGCCTGGGTCGAACGCTGGAAGGCG

GCGGGCCATTACCAGGCCGAAAGCAGCGTTGTTGCAGTGCACGGCAGATACACTTGCTGATGCGG

TGCTGATTACGACCGCTCACGCGTGGCAGCATCAGGGGAAAACCTTATTTATCAGCCGGAAAACC

TACCGGATTGATGGTAGTGGTCAAATGGCGATTACCGTTGATGTTGAAGTGGCGAGCGATACACC

GCATCCGGCGCGGATTGGCCTGAACTGCCAGCTGGCGCAGGTAGCAGAGCGGGTAAACTGGCTC

GGATTAGGGCCGCAAGAAAACTATCCCGACCGCCTTACTGCCGCCTGTTTTGACCGCTGGGATCT
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GCCATTGTCAGACATGTATACCCCGTACGTCTTCCCGAGCGAAAACGGTCTGCGCTGCGGGACGC

GCGAATTGAATTATGGCCCACACCAGTGGCGCGGCGACTTCCAGTTCAACATCAGCCGCTACAGT

CAACAGCAACTGATGGAAACCAGCCATCGCCATCTGCTGCACGCGGAAGAAGGCACATGGCTGA

ATATCGACGGTTTCCATATGGGGATTGGTGGCGACGACTCCTGGAGCCCGTCAGTATCGGCGGAA

TTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAAAAATAA 

 

SEQ ID NO：3 
CCACCTGGTGTTTTGTCTCCACCATCGGCCTGACAGAGCTGTATTGTATTCTGCGGCGGGGCCCGG

CCCCCAAGAACGCAGACAAGGCCGCCGCCCCGGGGCGATCCAAGGGGCTGTCGGGCGTCTGCGG

GCGCTGTTGTTCCATCATCCTGTCGGGCATCGCAATGCGATTGTGTTATATCGCCGTGGTGGCCGG

GGTGGTGCTCGTGGCGCTTCACTACGAGCAGGAGATCCAGAGGCGCCTGTTTGATGTATGACGTC

ACATCCAGGCCGGCGGAAACCGGAACGGCATATGCAAACTGGAAACTGTCCTGTCTTGGGGCCCA

CCCACCCGACGCGTCATATGTAAATGAAAATCGTTCCCCCGAGGCCATGTGTAGCCTGGATCCCA

ACGACCCCGCCCATGGGTCCCAATTGGCCGTCCCGTTACCAAGACCAACCCAGCCAGCGTATCCA

CCCCCGCCCGGGTCCCCGCGGAAGCGGAACGGTGTATGTGATATGCTAATTAAATACATGCCACG

TACTTATGGTGTCTGATTGGTCCTTGTCTGTGCCGGAGGTG 

 

SEQ ID NO：4 
ACCGGTGCGCCACCACCAGAGGCCATATCCGACACCCCAGCCCCGACGGCAGCCGACAGCCCGG

TCATGGCGACTGACATTGATATGCTAATTGACCTCGGCCTGGACCTCTCCGACAGCGATCTGGAC

GAGGACCCCCCCGAGCCGGCGGAGAGCCGCCGCGACGACCTGGAATCGGACAGCAACGGGGAGT

GTTCCTCGTCGGACGAGGACATGGAAGACCCCCACGGAGAGGACGGACCGGAGCCGATACTCGA

CGCCGCTCGCCCGGCGGTCCGCCCGTCTCGTCCAGAAGACCCCGGCGTACCCAGCACCCAGACGC

CTCGTCCGACGGAGCGGCAGGGCCCCAACGATCCTCAACCAGCGCCCCACAGTGTGTGGTCGCGC

CTCGGGGCCCGGCGACCGTCTTGCTCCCCCGAGCGGCACGGGGGCAAGGTGGCCCGCCTCCAACC

CCCACCGACCAAAGCCCAGCCTGCCCGCGGCGGACGCCGTGGGCGTCGCAGGGGTCGGGGTCGC

GGTGGTCCCGGGGCCGCCGATGGTTTGTCGGACCCCCGCCGGCGTGCCCCCAGAACCAATCGCAA

CCCGGGGGGACCCCGCCCCGGGGCGGGGTGGACGGACGGCCCCGGCGCCCCCCATGGCGAGGCG

TGGCGCGGAAGTGAGCAGCCCGACCCACCCGGAGGCCCGCGGACACGGAGCGTGCGCCAAGCAC

CCCCCCCGCTAATGACGCTGGCGATTGCCCCCCCGCCCGCGGACCCCCGCGCCCCGGCCCCGGAG

CGAAAGGCGCCCGCCGCCGACACCATCGACGCCACCACGCGGTTGGTCCTGCGCTCCATCTCCGA

GCGCGCGGCGGTCGACCGCATCAGCGAGAGCTTCGGCCGCAGCGCACAGGTCATGCACGACCCCT

TTGGGGGGCAGCCGTTTCCCGCCGCGAATAGCCCCTGGGCCCCGGTGCTGGCGGGCCAAGGAGGG

CCCTTTGACGCCGAGACCAGACGGGTCTCCTGGGAAACCTTGGTCGCCCACGGCCCGAGCCTCTA

TCGCACTTTTGCCGGCAATCCTCGGGCCGCATCGACCGCCAAGGCCATGCGCGACTGCGTGCTGC

GCCAAGAAAATTTCATCGAGGCGCTGGCCTCCGCCGACGAGACGCTGGCGTGGTGCAAGATGTGC

ATCCACCACAACCTGCCGCTGCGCCCCCAGGACCCCATTATCGGGACGGCCGCGGCGGTGCTGGA

TAACCTCGCCACGCGCCTGCGGCCCTTTCTCCAGTGCTACCTGAAGGCGCGAGGCCTGTGCGGCCT

GGACGAACTGTGTTCGCGGCGGCGTCTGGCGGACATTAAGGACATTGCATCCTTCGTGTTTGTCAT

TCTGGCCAGGCTCGCCAACCGCGTCGAGCGTGGCGTCGCGGAGATCGACTACGCGACCCTTGGTG

TCGGGGTCGGAGAGAAGATGCATTTCTACCTCCCCGGGGCCTGCATGGCGGGCCTGATCGAAATC

CTAGACACGCACCGCCAGGAGTGTTCGAGTCGTGTCTGCGAGTTGACGGCCAGTCACATCGTCGC

CCCCCCGTACGTGCACGGCAAATATTTTTATTGCAACTCCCTGTTTTAG 

 

SEQ ID NO：5 
CTGCGCTGTCGGGGCCAGGCCGGGCTCCCAGTGGATTCGCGGGCACAGACGCCCAGGACCGCGCT

TCCCACGTGGCGGAGGGACTGGGGACCCGGGCACCCGTCCTGCCCCTTCACCTTCCAGCTCCGCC

TCCTCCGCGCGGACCCCGCCCCGTCCCGACCCCTCCCGGGTCCCCGGCCCAGCCCCCTCCGGGCCC

TCCCAGCCCCTCCCCTTCCTTTCCGCGGCCCCGCCCTCTCCTCGCGGCGCGAGTTTCAGGCAGC 

 

SEQ ID NO: 6 
CATGGCCCGCCGCCGCCATCGCGGCCCCCGCCGCCCCCGGCCGCCCGGGCCCACGGGCGCGGTCC

CAACCGCACAGTCCCAGGTAACCTCCACGCCCAACTCGGAACCCGTGGTCAGGAGCGCGCCCGCG

GCCGCCCCGCCGCCGCCCCCCGCCAGTGGGCCCCCGCCTTCTTGTTCGCTGCTGCTGCGCCAGTGG

CTCCACGTTCCCGAGTCCGCGTCCGACGACGACGACGACGACTGGCCGGACAGCCCCCCGCCCGA

GCCGGCGCCAGAGGCCCGGCCCACCGCCGCCGCCCCCCGCCCCCGGTCCCCACCGCCCGGCGCGG

GCCCGGGGGGCGGGGCTAACCCCTCCCACCCCCCCTCACGCCCCTTCCGCCTTCCGCCGCGCCTCG

CCCTCCGCCTGCGCGTCACCGCAGAGCACCTGGCGCGCCTGCGCCTGCGACGCGCGGGCGGGGAG

GGGGCGCCGAAGCCCCCCGCGACCCCCGCGACCCCCGCGACCCCCACGCGGGTGCGCTTCTCGCC

CCACGTCCGGGTGCGCCACCTGGTGGTCTGGGCCTCGGCCGCCCGCCTGGCGCGCCGCGGCTCGT

GGGCCCGCGAGCGGGCCGACCGGGCTCGGTTCCGGCGCCGGGTGGCGGAGGCCGAGGCGGTCAT

CGGGCCGTGCCTGGGGCCCGAGGCCCGTGCCCGGGCCCTGGCCCGCGGAGCCGGCCCGGCGAAC
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TCGGTCTAACGTTACACCCGAGGCGGCCTGGGTCTTCCGCGGAGCTCCCGGGAGCTCCGCACCAA

GCCGCTCTCCGGAGAGACGATGGCAGGAGCCGCGCATATATACGCTTGGAGCCGGCCCGCCCCCG

AGGCGGGCCCGCCCTCGGAGGGCGGGACTGGCCAATCGGCGGCCGCCAGCGCGGCGGGGCCCGG

CCAACCAGCGTCCGCCGAGTCGTCGGGGCCCGGCCCACTGGGCGGTAACTCCCGCCCAGTGGGCC

GGGCCGCCCACTTCCCGGTATGGTAATTAAAAACTTGCAGAGGCCTTGTTCCGCTTCCCGGTATGG

TAATTAGAAACTCATTAATGGGCGGCCCCGGCCGCCCTTCCCGCTTCCGGCAATTCCCGCGGCCCT

TAATGGGCAACCCCGGTATTCCCCGCCTCCCGCGCCGCGCGTAACCACTCCCCTGGGGTTCCGGGT

TATGTTAATTGCTTTTTTGGCGGAACACACGGCCCCTCGCGCATTGGCCCGCGGGTCGCTCAATGA

ACCCGCATTGGTCCCCTGGGGTTCCGGGTATGGTAATGAGTTTCTTCGGGAAGGCGGGAAGCCCC

GGGGCACCGACGCAGGCCAAGCCCCTGTTGCGTCGGCGGGAGGGGCATGCTAATGGGGTTCTTTG

GGGGACACCGGGTTGGTCCCCCAAATCGGGGGCCGGGCCGTGCATGCTAATGATATTCTTTGGGG

GCGCCGGGTTGGTCCCCGGGGACGGGGCCGCCCCGCGGTGGGCCTGCCTCCCCTGGGACGCGCGG

CCATTGGGGGAATCGTCACTGCCGCCCCTTTGGGGAGGGGAAAGGCGTGGGGTATAAGTTAGCCC

TGGCCCGACGGTCTGGTCGCATTTGCACCTCGGCACTCGGAGCGAGACGCAGCAGCCAGGCAGAC

TCGGGCCGCCCCCTCTCCGCATCACCACAGAAGCCCCGCCTACGTTGCGACCCCCAGGGACCCTC

CGTCAGCGACCCTCCAGCCGCATACGACCCCCATGGAGCCCCGCCCCGGAGCGAGTACCCGCCGG

CCTGAGGGCCGCCCCCAGCGCGAGGTGAGGGGCCGGGCGCCATGTCTGGGGCGCCATGTTGGGG

GGCGCCATGTTGGGGGGCGCCATGTTGGGGGACCCCCGACCCTTACACTGGAACCGGCCGCCATG

TTGGGGGACCCCCACTCATACACGGGAGCCGGGCGCCATGTTGGGGCGCCATGTTAGGGGGCGTG

GAACCCCGTGACACTATATATACAGGGACCGGGGGCGCCATGTTAGGGGGCGCGGAACCCCCTG

ACCCTATATATACAGGGACCGGGGTCGCCCTGTTAGGGGTCGCCATGTGACCCCCTGACTTTATAT

ATACAGACCCCCAACACCTACACATGGCCCCTTTGACTCAGACGCAGGGCCCGGGGTCGCCGTGG

GACCCCCCTGACTCATACACAGAGACACGCCCCCACAACAAACACACAGGGACCGGGGTCGCCG

TGTTAGGGGGCGTGGTCCCCACTGACTCATACGCAGGGCCCCCTTACTCACACGCATCTAGGGGG

GTGGGGAGGAGCCGCCCGCCATATTTGGGGGACGCCGTGGGACCCCCGACTCCGGTGCGTCTGGA

GGGCGGGAGAAGAGGGAAGAAGAGGGGTCGGGATCCAAAGGACGGACCCAGACCACCTTTGGTT

GCAGACCCCTTTCTCCCCCCTCTTCCGAGGCCAGCAGGGGGGCAGGACTTTGTGAGGCGGGGGGG

GAGGGGGAACTCGTGGGCGCTGATTGACGCGGGAAATCCCCCCATTCTTACCCGCCCCCCCTTTTT

TCCCCTCAGCCCGCCCCGGATGTCTGGGTGTTTCCCTGCGACCGAGACCTGCCGGACAGCAGCGA

CTCGGAGGCGGAGACCGAAGTGGGGGGGCGGGGGGACGCCGACCACCATGACGACGACTCCGCC

TCCGAGGCGGACAGCACGGACACGGAACTGTTCGAGACGGGGCTGCTGGGGCCGCAGGGCGTGG

ATGGGGGGGCGGTCTCGGGGGGGAGCCCCCCCCGCGAGGAAGACCCCGGCAGTTGCGGGGGCGC

CCCCCCTCGAGAGGACGGGGGGAGCGACGAGGGCGACGTGTGCGCCGTGTGCACGGATGAGATC

GCGCCCCACCTGCGCTGCGACACCTTCCCGTGCATGCACCGCTTCTGCATCCCGTGCATGAAAACC

TGGATGCAATTGCGCAACACCTGCCCGCTGTGCAACGCCAAGCTGGTGTACCTGATAGTGGGCGT

GACGCCCAGCGGGTCGTTCAGCACCATCCCGATCGTGAACGACCCCCAGACCCGCATGGAGGCCG

AGGAGGCCGTCAGGGCGGGCACGGCCGTGGACTTTATCTGGACGGGCAATCAGCGGTTCGCCCCG

CGGTACCTGACCCTGGGGGGGCACACGGTGAGGGCCCTGTCGCCCACCCACCCTGAGCCCACCAC

GGACGAGGATGACGACGACCTGGACGACGGTGAGGCGGGGGGGCGGCGAGGACCCTGGGGGAG

GAGGAGGAGGGGGGGGGGAGGGAGGAATAGGCGGGCGGGCGGGCGAGGAAAGGGCGGGCCGG

GGAGGGGGCGTAACCTGATCGCGCCCCCCGTTGTCTCTTGCAGCAGACTACGTACCGCCCGCCCC

CCGCCGGACGCCCCGCGCCCCCCCACGCAGAGGCGCCGCCGCGCCCCCCGTGACGGGCGGGGCG

TCTCACGCAGCCCCCCAGCCGGCCGCGGCTCGGACAGCGCCCCCCTCGGCGCCCATCGGGCCACA

CGGCAGCAGTAACACTAACACCACCACCAACAGCAGCGGCGGCGGCGGCTCCCGCCAGTCGCGA

GCCGCGGTGCCGCGGGGGGCGTCTGGCCCCTCCGGGGGGGTTGGGGTTGTTGAAGCGGAGGCGG

GGCGGCCGAGGGGCCGGACGGGCCCCCTTGTCAACAGACCCGCCCCCCTTGCAAACAACAGAGA

CCCCATAGTGATCAGCGACTCCCCCCCGGCCTCTCCCCACAGGCCCCCCGCGGCGCCCATGCCAG

GCTCCGCCCCCCGCCCCGGTCCCCCCGCGTCCGCGGCCGCGTCGGGCCCCGCGCGCCCCCGCGCG

GCCGTGGCCCCGTGTGTGCGGGCGCCGCCTCCGGGGCCCGGCCCCCGCGCCCCGGCCCCCGGGGC

GGAGCCGGCCGCCCGCCCCGCGGACGCGCGCCGTGTGCCCCAGTCGCACTCGTCCCTGGCTCAGG

CCGCGAACCAAGAACAGAGTCTGTGCCGGGCGCGTGCGACGGTGGCGCGCGGCTCGGGGGGGCC

GGGCGTGGAGGGTGGACACGGGCCCTCCCGCGGCGCCGCCCCCTCCGGCGCCGCCCCCTCCGGCG

CCCCCCCGCTCCCCTCCGCCGCCTCTGTCGAGCAGGAGGCGGCGGTGCGTCCGAGGAAGAGGCGC

GGGTCGGGCCAGGAAAACCCCTCCCCCCAGTCCACGCGTCCCCCCCTCGCGCCGGCAGGGGCCAA

GAGGGCGGCGACGCACCCCCCCTCCGACTCAGGGCCGGGGGGGCGCGGCCAGGGAGGGCCCGGG

ACCCCCCTGACGTCCTCGGCGGCCTCCGCCTCTTCCTCCTCCGCCTCTTCCTCCTCGGCCCCGACTC

CCGCGGGGGCCACCTCTTCCGCCACCGGGGCCGCGTCCTCCTCCGCTTCCGCCTCCTCGGGCGGGG

CCGTCGGTGCCCTGGGAGGGAGACAAGAGGAAACCTCCCTCGGCCCCCGCGCTGCTTCTGGGCCG

CGGGGGCCGAGGAAGTGTGCCCGGAAGACGCGCCACGCGGAGACTTCCGGGGCCGTCCCCGCGG

GCGGCCTCACGCGCTACCTGCCCATCTCGGGGGTCTCTAGCGTGGTCGCCCTGTCGCCTTACGTGA

ACAAGACGATCACGGGGGACTGCCTGCCCATCCTGGACATGGAGACGGGGAACATCGGGGCGTA

CGTGGTCCTGGTGGACCAGACGGGAAACATGGCGACCCGGCTGCGGGCCGCGGTCCCCGGCTGG

AGCCGCCGCACCCTGCTCCCCGAGACCGCGGGTAACCACGTGACGCCCCCCGAGTACCCGACGGC
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CCCCGCGTCGGAGTGGAACAGCCTCTGGATGACCCCCGTGGGGAACATGCTGTTCGACCAGGGCA

CCCTAGTGGGCGCCCTGGACTTCCGCAGCCTGCGGTCTCGGCACCCGTGGTCCGGGGAGCAGGGG

GC 

 

SEQ ID NO: 7 
MVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYG

VQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDG

NILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLS

TQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK 

 

SEQ ID NO: 8 
DVLMTQTPLFLPVSLGDQASIFCRSSQNIVHINGNTYLEWYLQKPGQFPKLLMYKVSNRFFGVPDRFS

GSGSGTDFTLKISRVEAEDLGVYYCFQGSHVPWTFGGGTKLEIKGGGGSGGGGSGGGGSGGGGSSDV

QVQESGPGLVKPSQSLSLTCTVTGSSITSDFAWEWIRQFPGNKLECMGYIGYSGGTIYNPSLKSRISITR

DTSKNQFFLQLNSVTTEDTATYYCARWHGSSHWYFDVWGAGTTVTVSS 

 

SEQ ID NO: 17 
CTACTCGTCCCAGAATTTGGCCAGGACGTCCTTGTAGAACGCGGGTGGGGGGGCCTGGGTCCGCA

GCTGCTCCAGAAACCTGTCGGCGATATCAGGGGCCGTGATATGCCGGGTCACAATAGATCGCGCC

AGGTTTTCGTCGCGGATGTCCTGGTAGATAGGCAGGCGTTTCAGAAGAGTCCACGGCCCCCGCTC

CTTGGGGCCGATAAGCGATATGACGTACTTAATGTAGCGGTGTTCCACCAGCTCGGTGATGGTCA

TGGGATCGGGGAGCCAGTCCAGGGACTCTGGGGCGTCGTGGATGACGTGGCGTCGCCGGCTGGCC

ACATAACTGCGGTGCTCTTCCAGCAGCTGCGCGTTCGGGACCTGGACGAGCTCGGGCGGGGTGAG

TATCTCCGAGGAGGACGACCTGGGGCCGGGGTGGCCCCCGGTAACGTCCCGGGGATCCAGGGGG

AGGTCCTCGTCGTCTTCGTATCCGCCGGCGATCTGTTGGGTTAGAATTTCGGTCCACGAGACGCGC

ATCTCGGTGCCGCCGGCGGCCGGCGGCAAAGGGGGCCTGGTTTCCGTGGAGCGCGAGCTGGTGTG

TTCCCGGCGGATGGCCCGCCGGGTCTGAGAGCGACTCGGGGGGGTCCAGTGACATTCGCGCAGCA

CATCCTCCACGGAGGCGTAGGTGTTATTGGGATGGAGGTCGGTGTGGCAGCGGACAAAGAGGGC

CAGGAACTGGGGGTAGCTCATCTTAAAGTACTTTAGTATATCGCGACAGTTGATCGTGGGAATGT

AGCAGGCGCTAATATCCAACACAATATCACAGCCCATCAACAGGAGGTCAGTGTCTGTGGTGTAC

ACGTACGCGACCGTGTTGGTGTGATAGAGGTTGGCGCAGGCATCGTCCGCCTCCAGCTGACCCGA

GTTAATGTAGGCGTACCCCAGGGCCCGGAGAACGCGAATACAGAACAGATGCGCCAGACGCAGG

GCCGGCTTCGAGGGCGCGGCGGACGGCAGCGCGGCTCCGGACCCGGCCGTCCCCCGGGTCCCCG

AGGCCAGAGAGGTGCCGCGCCGGCGCATGTTGGAAAAGGCAGAGCTGGGTCTGGAGTCGGTGAT

GGGGGAAGGCGGTGGAGAGGCGTCCACGTCACTGGCCTCCTCGTCCGTCCGGCATTGGGCCGTCG

TGCGGGCCAGGATGGCCTTGGCTCCAAACACAACCGGCTCCATACAATTGACCCCGCGATCGGTA

ACGAAGATGGGGAAAAGGGACTTTTGGGTAAACACCTTTAATAAGCGACAGAGGCAGTGTAGCG

TAATGGCCTCGCGGTCGTAACTGGGGTATCGGCGCTGATATTTGACCACCAACGTGTACATGACG

TTCCACAGGTCCACGGCGATGGGGGTGAAGTACCCGGCCGGGGCCCCAAGGCCCTGGCGCTTGAC

CAGATGGTGTGTGTGGGCAAACTTCATCATCCCGAACAAACCCAT 

 

SEQ ID NO: 18 
ATGCTCCGCAACGACAGCCACCGGGCCGCGTCCCCGGAGGACGGCCAGGGACGGGTCGACGACG

GACGGCCACACCTCGCGTGCGTGGGGGCCCTGGCGCGGGGGTTCATGCATATCTGGCTTCAGGCC

GCCACGCTGGGTTTTGCGGGATCGGTCGTTATGTCGCGCGGGCCGTACGCGAATGCCGCGTCTGG

GGCGTTCGCCGTCGGGTGCGCCGTGCTGGGCTTTATGCGCGCACCCCCTCCCCTCGCGCGGCCCAC

CGCGCGGATATACGCCTGGCTCAAACTGGCGGCCGGTGGAGCGGCCCTTGTTCTGTGGAGTCTCG

GGGAGCCCGGAACGCAGCCGGGGGCCCCGGGCCCGGCCACCCAGTGCCTGGCGCTGGGCGCCGC

CTATGCGGCGCTCCTGGTGCTCGCCGATGACGTCTATCCGCTCTTTCTCCTCGCCCCGGGGCCCCT

GTTCGTCGGCACCCTGGGGATGGTCGTCGGCGGGCTGACGATCGGAGGCAGCGCGCGCTACTGGT

GGATCGGTGGGCCCGCCGCGGCCGCCTTGGCCGCGGCGGTGTTGGCGGGCCCGGGGGCGACCAC

CGCCAGGGACTGCTTCTCCAGGGCGTGCCCCGACCACCGCCGCGTCTGCGTCATCGTCGCAGGCG

AGTCTGTTTCCCGCCGCCCCCCGGAGGACCCAGAGCGACCCGGGGACCCCGGGCCACCGTCCCCC

CCGACACCCCAACGATCCCAGGGGCCGCCGGCCGATGAGGTCGCACCGGCCGGGGTAGCGCGGC

CCGAAAACGTCTGGGTGCCCGTGGTCACCTTTCTGGGGGCGGGCGCGCTCGCCGTCAAGACGGTG

CGAGAACATGCCCGGGAAACGCCGGGCCCGGGCCTGCCGCTGTGGCCCCAGGTGTTTCTCGGAGG

CCATGTGGCGGTGGCCCTGACGGAGCTGTGTCAGGCGCTTATGCCCTGGGACCTTACGGACCCGC

TGCTGTTTGTTCACGCCGGACTGCAGGTCATCAACCTCGGGTTGGTGTTTCGGTTTTCCGAGGTTG

TCGTGTATGCGGCGCTAGGGGGTGCCGTGTGGATTTCGTTGGCGCAGGTGCTGGGGCTCCGGCGT

CGCCTGCACAGGAAGGACCCCGGGGACGGGGCCCGGTTGGCGGCGACGCTTCGGGGCCTCTTCTT

CTCCGTGTACGCGCTGGGGTTTGGGGTGGGGGCGCTGCTGTGCCCTCCGGGGTCAACGGGCGGGT

GGTCGGGCGATTGA 
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SEQ ID NO: 19 
CTACCCACCGTACTCGTCAATTCCAAGGGCATCGGTAAACATCTGCTCAAACTCGAAGTCGGCCA

TATCCAGAGCGCCGTAGGGGGCGGAGTCGTGGGGGGTAAATCCCGGACCCGGGGAATCCCCGTC

CCCCAACATGTCCAGATCGAAATCGTCTAGCGCGTCGGCATGCGCCATCGCCACGTCCTCGCCGT

CTAAGTGGAGCTCGTCCCCCAGGCTGACATCGGTCGGGGGGGCCGTCGACAGTCTGCGCGTGTGT

CCCGCGGGGAGAAAGGACAGGCGCGGAGCCGCCAGCCCCGCCTCTTCGGGGGCGTCGTCGTCCG

GGAGATCGAGCAGGCCCTCGATGGTAGACCCGTAATTGTTTTTCGTACGCGCGCGGCTGTACGCG

TGTTCCCGCATGACCGCCTCGGAGGGCGAGGTCGTGAAGCTGGAATACGAGTCCAACTTCGCCCG

AATCAACACCATAAAGTACCCAGAGGCGCGGGCCTGGTTGCCATGCAGGGTGGGAGGGGTCGTC

AACGGCGCCCCTGGCTCCTCCGTAGCCGCGCTGCGCACCAGCGGGAGGTTAAGGTGCTCGCGAAT

GTGGTTTAGCTCCCGCAGCCGGCGGGCCTCGATTGGCACTCCCCGGACGGTGAGCGCTCCGTTGA

CGAACATGAAGGGCTGGAACAGACCCGCCAACTGACGCCAGCTCTCCAGGTCGCAACAGAGGCA

GTCAAACAGGTCGGGCCGCATCATCTGCTCGGCGTACGCGGCCCATAGGATCTCGCGGGTCAAAA

ATAGATACAAATGCAAAAACAGAACACGCGCCAGACGAGCGGTCTCTCGGTAGTACCTGTCCGC

GATCGTGGCGCGCAGCATTTCTCCCAGGTCGCGATCGCGTCCGCGCATGTGCGCCTGGCGGTGCA

GCTGCCGGACGCTGGCGCGCAGGTACCGGTACAGGGCCGAGCAGAAGTTGGCCAACACGGTTCG

ATAGCTCTCCTCCCGCGCCCGTAGCTCGGCGTGGAAGAAACGAGAGAGCGCTTCGTAGTAGAGCC

CGAGGCCGTCGCGGGTGGCCGGAAGCGTCGGGAAGGCCACGTCGCCGTGGGCGCGAATGTCGAT

TTGGGCGCGTTCGGGGACGTACGCGTCCCCCCATTCCACCACATCGCTGGGCAGCGTTGATAGGA

ATTTACACTCCCGGTACAGGTCGGCGTTGGTCGGTAACGCCGAAAACAAATCCTCGTTCCAGGTA

TCGAGCATGGTACATAGCGCGGGGCCCGCGCTAAAGCCCAAGTCGTCGAGGAGACGGTTAAAGA

GGGCGGCGGGGGGGACGGGCATGGGCGGGGAGGGCATGAGCTGGGCCTGGCTCAGGCGCCCCGT

TGCGTACAGCGGAGGGGCCGCCGGGGTGTTTTTGGGACCCCCGGCCGGGCGGGGGGGTGGTGGC

GAAGCGCCGTCCGCGTCCATGTCGGCAAACAGCTCGTCGACCAAGAGGTCCAT 

 

SEQ ID NO: 20 
ATGACAGCGACCCCCCTCACCAACCTGTTCTTACGGGCCCCGGACATAACCCACGTGGCCCCCCC

TTACTGCCTCAACGCCACCTGGCAGGCCGAAACGGCCATGCACACCAGCAAAACGGACTCCGCTT

GCGTGGCCGTGCGGAGTTACCTGGTCCGCGCCTCCTGTGAGACCAGCGGCACAATCCACTGCTTTT

TCTTTGCGGTATACAAGGACACCCACCATACCCCTCCGCTGATTACCGAGCTCCGCAACTTTGCGG

ACCTGGTTAACCACCCGCCGGTCCTACGCGAACTGGAGGATAAGCGCGGGGTGCGGCTGCGGTGT

GCGCGGCCGTTTAGCGTCGGGACGATTAAGGACGTCTCTGGGTCCGGCGCGTCCTCGGCGGGAGA

GTACACGATAAACGGGATCGTGTACCACTGCCACTGTCGGTATCCGTTCTCAAAAACATGCTGGA

TGGGGGCCTCCGCGGCCCTACAGCACCTGCGCTCCATCAGCTCCAGCGGCATGGCCGCCCGCGCG

GCAGAGCATCGACGCGTCAAGATTAAAATTAAGGCGTGA 

 

SEQ ID NO: 21 
CTACAGGGTGGTAACCGGATAGCAGATGTGAGGAAGTCTGGGCCGTTCGCCGCGAACGGCGATC

AGAGGGTCCGTTTCTTGCGGACCACGGCCCGGTGATGTGGGTTGCTCGTCTAAAATCTCGGGCAT

ACCCATACACGCACAACACGGACGCCGCACCGAATGGGACGTCGTAAGGGGGTGGGAGGTAGCT

GGGTGGGGTTTGTGCAGAGCAATCAGGGACCGCAGCCAGCGCATACAATCGCGCTCCCGTCCGTT

GGTCCCGGGCAGGACCACGCCGTACTGGTATTCGTACCGGCTGAGCAGGGTCTCCAGGGGGTGGT

TGGGTGCCGCGGGGAACGGGGTCCACGCCACGGTCCACTCGGGCAAAAACCGAGTCGGCACGGC

CCACGGTTCTCCCACCCACGCGTCTGGGGTCTTGATGGCGATAAATCTTACCCCGAGCCGGATTTT

TTGGGCGTATTCGAGAAACGGCACACACAGATCCGCCGCGCCTACCACCCACAAGTGGTAGAGGC

GAGGGGGGCTGGGTTGGTCTCGGTGCAACAGTCGGAAGCACGCCACGGCGTCCACGACCTCGGT

GCTCTCCAAGGGGCTGTCCTCCGCAAACAGGCCCGTGGTGGTGTTTGGGGGGCAGCGACAGGACC

TAGTGCGCACGATCGGGCGGGTGGGTTTGGGTAAGTCCATCAGCGGCTCGGCCAACCGTCGAAGG

TTGGCCGGGCGAACGACGACCGGGGTACCCAGGGGTTCTGATGCCAAAATGCGGCACTGCCTAA

GCAGGAAGCTCCACAGGGCCGGGCTTGCGTCGACGGAAGTCCGGGGCAGGGCGTTGTTCTGGTCA

AGGAGGGTCATTACGTTGACGACAACAACGCCCAT 

 

SE ID NO: 22 
CCCGGGACCCCCCTGACGTCCTCGGCGGCCTCCGCCTCTTCCTCCTCCGCCTCTTCCTCCTCGGCCC

CGACTCCCGCGGGGGCCACCTCTTCCGCCACCGGGGCCGCGTCCTCCTCCGCTTCCGCCTCCTCGG

GCGGGGCCGTCGGTGCCCTGGGAGGGAGACAAGAGGAAACCTCCCTCGGCCCCCGCGCTGCTTCT

GGGCCGCGGGGGCCGAGGAAGTGTGCCCGGAAGACGCGCCACGCGGAGACTTCCGGGGCCGTCC

CCGCGGGCGGCCTCACGCGCTACCTGCCCATCTCGGGGGTCTCTAGCGTGGTCGCCCTGTCGCCTT

ACGTGAACAAGACGATCACGGGGGACTGCCTGCCCATCCTGGACATGGAGACGGGGAACATCGG

GGCGTACGTGGTCCTGGTGGACCAGACGGGAAACATGGCGACCCGGCTGCGGGCCGCGGTCCCC

GGCTGGAGCCGCCGCACCCTGCTCCCCGAGACCGCGGGTAACCACGTGACGCCCCCCGAGTACCC
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GACGGCCCCCGCGTCGGAGTGGAACAGCCTCTGGATGACCCCCGTGGGGAACATGCTGTTCGACC

AGGGCACCCTAGTGGGCGCCCTGGACTTCCGCAGCCTGCGGTCTCGGCACCCGTGGTCCGGGGAG

CAGGGGGCGTCGACCCGGGACGAGGGAAAACAATAAGGGACGCCCCCGTGTTTGTGGGGAGGGG

GGGGTCGGGCGCTGGGTGGTCTCTGGCCGCGCCCACTACACCAGCCAATCCGTGTCGGGGAGGTG

GAAAGTGAAAGACACGGGCACCACACACCAGCGGGTCTTTTGTGTTGGCCCTAATAAAAAAAACT

CAGGGGATTTTTGCTGTCTGTTGGGAAATAAAGGTTTACTTTTGTATCTTTTCCCTGTCTGTGTTGG

ATGTATCGCGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTG

CGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTG

CGTGGGAGTGGGGGTGCGTGGGAGTGGGGGTGCCATGTTGGGCAGGCTCTGGTGTTAACCACAG

AGCCGCGGCCCGGGCTGCCTGACCACCGATCCCCGAAAGCATCCTGCCACTGGCATGGAGCCAGA

ACCACAGTGGGTTGGGTGTGGGTGTTAAGTTTCCGCGAGCGCCTGCCCGCCCGGACTGACCTGGC

CTCTGGCCGCCACAAAGGGCGGGGGGGGGGGTTAACTACACTATAGGGCAACAAAGGATGGGAG

GGGTAGCGGGGCGGGACGGGGCGCCCAAAAGGGGGTCGGCCACACCACAGACGTGGGTGTTGGG

GGGTGGGGCGGAGGGGTGGGGGGGGAGACAGAAACAGGAACATAGTTAGAAAACAAGAATGCG

GTGCAGCCAGAGAATCACAGGAGACGAGGGGATGGGCGTGTTGGTTACCAACCCACACCCAGGC

ATGCTCGGTGGTATGAAGGAGGGGGGGCGGTGTTTCTTAGAGACCGCCGGGGGACGTGGGGTTG

GTGTGCAAAGGCACGCGCACCCGCGCCGGCCAGGTGGGCCGGTACCCCATCCCCCCCTCCCCCGA

CCCTTCCCACCCCCGCGTGCCAGAGATCACCCCGGTCCCCCGGCACCCGCCACTCCTCCATATCCT

CGCTTTAGGAACAACTTTAGGGGGGGGTACACACGCGCCGTGCATTTCCTTCCACACCCCCCCCCT

CCCCCGCACTCCCCCCCCCCAGGCAGTAAGACCCAAGCATAGAGAGCCAGGCACAAAAACACAG

GCGGGGTGGGACACATGCCTTCTTGGAGTACGTGGGTCATTGGCGTGGGGGGTTACAGCGACACC

GGCCGACCCCCTGGCGGTCTTCCAGCCGGCCCTTAGATAAGGGGGCAGTTGGTGGTCGGACGGGT

AAGTAACAGAGTCTAACTAAGGGTGGGAGGGGGGGAAAATAACGGGCTGGTGTGCTGTAACACG

AGCCCACCCGCGAGTGGCGTGGCCGACCTTAGCCTCTGGGGCGCCCCCTGTCGTTTGGGTCCCCCC

CCCTCTATTGGGGAGAAGCAGGTGTCTAACCTACCTGGAAACGCGGCGTCTTTGTTGAACGACAC

CGGGGCGCCCTCGACGAGTGGGATAACGGGGGAGGAAGGGAGGGAGGAGGGTACTGGGGGTGA

AGGGGGGGGGGGAGAAGCGAGAACAGGAAAGGCGACGGAGCCCGGCAGAACACCGAGGAAAA

AAAAACCACAGCGCATGC 

 

SEQ ID NO: 23 
CCATGTTGGGCAGGCTCTGGTGTTAACCACAGAGCCGCGGCCCGGGCTGCCTGACCACCGATCCC

CGAAAGCATCCTGCCACTGGCATGGAGCCAGAACCACAGTGGGTTGGGTGTGGGTGTTAAGTTTC

CGCGAGCGCCTGCCCGCCCGGACTGACCTGGCCTCTGGCCGCCACAAAGGGCGGGGGGGGGGGT

TAACTACACTATAGGGCAACAAAGGATGGGAGGGGTAGCGGGGCGGGACGGGGCGCCCAAAAG

GGGGTCGGCCACACCACAGACGTGGGTGTTGGGGGGTGGGGCGGAGGGGTGGGGGGGGAGACA

GAAACAGGAACATAGTTAGAAAACAAGAATGCGGTGCAGCCAGAGAATCACAGGAGACGAGGG

GATGGGCGTGTTGGTTACCAACCCACACCCAGGCATGCTCGGTGGTATGAAGGAGGGGGGGCGG

TGTTTCTTAGAGACCGCCGGGGGACGTGGGGTTGGTGTGCAAAGGCACGCGCACCCGCGCCGGCC

AGGTGGGCCGGTACCCCATCCCCCCCTCCCCCGACCCTTCCCACCCCCGCGTGCCAGAGATCACCC

CGGTCCCCCGGCACCCGCCACTCCTCCATATCCTCGCTTTAGGAACAACTTTAGGGGGGGGTACA

CACGCGCCGTGCATTTCCTTCCACACCCCCCCCCTCCCCCGCACTCCCCCCCCCCAGGCAGTAAGA

CCCAAGCATAGAGAGCCAGGCACAAAAACACAGGCGGGGTGGGACACATGCCTTCTTGGAGTAC

GTGGGTCATTGGCGTGGGGGGTTACAGCGACACCGGCCGACCCCCTGGCGGTCTTCCAGCCGGCC

CTTAGATAAGGGGGCAGTTGGTGGTCGGACGGGTAAGTAACAGAGTCTAACTAAGGGTGGGAGG

GGGGGAAAATAACGGGCTGGTGTGCTGTAACACGAGCCCACCCGCGAGTGGCGTGGCCGACCTT

AGCCTCTGGGGCGCCCCCTGTCGTTTGGGTCCCCCCCCCTCTATTGGGGAGAAGCAGGTGTCTAAC

CTACCTGGAAACGCGGCGTCTTTGTTGAACGACACCGGGGCGCCCTCGACGAGTGGGATAACGGG

GGAGGAAGGGAGGGAGGAGGGTACTGGGGGTGAAGGGGGGGGGGGAGAAGCGAGAACAGGAA

AGGCGACGGAGCCCGGCAGAACACCGAGGAAAAAAAAACCACAGCGCATGCGCCGGGCCGTTGT

GGGGCCCCGGGCCGGGGCCCCTTGGGTCCGCCGGGGCCCCGGGCCGGGCCGCCACGGGGGCCGG

CCGTTGGCGGTAACCCCGAGTGTTCATCTCAGGCCCCGGGCCGGGAACCCGGAAAAGCCTCCGGG

GGGCCTTTTTCGCGTCGCGTGCCGGCGAGCGGGTCCGGACGGGGCCCGGACCGCCGCGGTCGGGG

GCCCCTCGTCCCGGGCCGTACGCGGCCTTCGCCCCGTGAGGGGACAGACGAACGAAACATTCCGG

CGACGGAACGAAAAACACCCCAGACGGGTTAAAGAAACAGAAACCGCAACCCCCACCACCCCCG

AAACGGGGAAAACGAAAAAACAGACCAGCGGCCGGCCGGCGCTTAGGGGGAGGATGTCGCCGA

CGCCCCTTGGCCGCCCCGGCTGCA 

 

The embodiments of the present invention will be described in detail below with 

reference to the accompanying drawings and examples. Those skilled in the art will 

appreciate that the following drawings and examples are merely illustrative of the invention 

and are not intended to limit the scope of the invention. The various objects and 

advantageous aspects of the invention will be apparent to those skilled in the art according 
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to the following detailed descriptions of the drawings and preferred embodiments. 

 

DRAWINGS 

Fig. 1A shows the construction strategy of the recombinant virus OVN. 

Fig. 1B shows the construction strategy of the recombinant virus OVH. 

Fig. 2 is a schematic illustration of the genome modifications comprised in the 

recombinant viruses HSV1716, NV1020, G207, OncoVex
GM-CSF

 (T-VEC) and OVN; 

wherein the symbol "x" indicates a deletion. 

Fig. 3 is a schematic illustration of the genome modifications comprised in the 

recombinant viruses OVN, OVH and dICP0 in comparison with the virus strain KOS; 

wherein the symbol "x" indicates a deletion. 

Fig. 4 shows the gel electrophoresis results of products obtained by PCR using the 

genome of virus strain KOS, OVN, OVH or dICP0 as a template and primers capable of 

specifically amplifying ICP0 gene, ICP34.5 gene, ICP27 gene or hTERT core promoter. 

Fig. 5 shows the results of real-time quantitative PCR analysis of IE gene expression 

(mRNA) of KOS, OVN, OVH or dICP0. 

Fig. 6 shows the virus titers after infection of L-O2 cells (Fig. 6A) or U-2 OS cells 

(Fig. 6B) for 48 h with virus KOS, OVN, OVH or dICP0 at a multiplicity of infection of 1 

(i.e. MOI = 1). 

Fig. 7 shows the virus titers at different time points (12h, 24h, 36h, 48h and 60h after 

infection) after infection of monolayer U-2 OS cells with virus KOS, OVN, OVH or dICP0 

at a MOI of 0.01. The results in Fig. 7 show that the virus KOS, OVN, OVH or dICP0 has 

substantially comparable replication ability in tumor cells (e.g., U-2 OS cells). 

Fig. 8 shows the cell survival rate after infection of L-O2 cells (Fig. 8A) or U-2 OS 

cells (Fig. 8B) for 72 h with virus KOS, OVN, OVH or dICP0 at a MOI of 1; wherein 

MOCK represents cells without being infected with the virus. The results in Fig. 8 show 

that the viruses KOS, OVN, OVH, and dICP0 have substantially comparable cell killing 

ability in tumor cells (e.g., U-2 OS cells), but viruses OVN and OVH have cell killing 

ability significantly lower than that of viruses KOS and dICP0 in normal cells (e.g., L-O2 

cells). 

Fig. 9 shows the cell survival rate after infection of various tumor cells with virus 

OVN or OVH for 48 h; wherein MOCK represents tumor cells without being infected with 

the virus. The experimental results of Fig. 9 show that the recombinant viruses OVN and 

OVH can significantly kill a variety of tumor cells. 

Fig. 10 shows the survival rate of mice after intracranial injection of virus KOS, dICP0, 

OVN or OVH at a given dose; wherein Vehicle represents mice without being injected with 

the virus. 

Fig. 11 shows the tumor volume-time curves (Fig. 11A) and survival rate-time curves 

(Fig. 11B) of nude mice inoculated with Huh7 cells after treatment with OVN or OVH; 

wherein DMEM represents untreated mice. 

Fig. 12 shows the tumor volume-time curves of tumors on left flank (Fig. 12A) and 

tumors on right flank (Fig. 12B) of mice (C57BL/6) inoculated with Hepa1-6 cells after 

treatment with OVN or OVH; wherein, DMEM represents untreated mice. 

Fig. 13 is a schematic illustration showing the difference in genome structure between 

recombinant viruses OVH, OVH1 and OVH2 and recombinant virus OVN; wherein, 

compared with recombinant virus OVN, the native promoter sequence of the ICP27 gene of 

recombinant virus OVH, the native promoter sequence of the VP5 gene of recombinant 

virus OVH1, the native promoter sequence of the ICP4 gene of recombinant virus OVH2, 

were substituted with hTERT core promoter sequence, respectively. 

Fig. 14 is a schematic illustration of the genome structure differences among the 

recombinant viruses d34.5/0lacZ, OVN, OVN-GFP, OVN-PD-1-scfv, OVH-GFP and 

OVH-PD-1-scfv; wherein "NULL" represents deletion. 
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Fig. 15 shows the results of fluorescence microscopic observation of U-2 OS cells 

infected with the recombinant virus OVN-GFP or OVH-GFP. 

Fig. 16 shows that after infection of U-2 OS cells with the recombinant virus OVH or 

OVH-PD-1-scfv for 24 h or 48 h, the ability of cell supernatants to inhibit the specific 

binding of PD-1/PD-L1 (Fig. 16A) and the analysis results of the interaction between the 

cell supernatants and PD-1 protein (Fig. 16B); wherein MOCK represents tumor cells 

without being infected with the virus. 

Fig. 17 shows the tumor volume-time curves of tumors on left flank (Fig. 17A) and 

tumors on right flank (Fig. 17B) of mice (C57BL/6) inoculated with Hepa1-6 cells after 

treatment with OVH or OVH-PD-1-scfv; wherein, Vehicle represents untreated mice. 

Fig. 18 shows the virus titers after infection of U-2 OS cells for 60 h with virus OVN, 

OVN-dUL41, OVN-dUL43, OVN-dUL48, OVN-dUL55, OVN-dUS2, OVN-dLAT or 

OVN-dNF at a MOI of 0.01, respectively. 

Fig. 19 shows the cell survival rates after infection of normal cells (L-O2 cells, Fig. 

19A) or tumor cells (U-2 OS cells, Fig. 19B) for 72 h with the virus OVN, OVN-dUL41, 

OVN-dUL43, OVN-dUL48, OVN-dUL55, OVN-dUS2, OVN-dLAT or OVN-dNF at a MOI 

of 0.5, respectively. 

 

Specific Models for Carrying Out the Invention 
The invention is described with reference to the following examples which are 

intended to illustrate, but not limit the invention. 

Unless otherwise specified, the molecular biology experimental methods, virological 

experimental methods, immunoassays, and zoological experimental methods used in the 

present application are all experimental methods conventionally used by those skilled in the 

art. For example, molecular biology experimental methods can be the methods described in: 

J. Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring 

Harbor Laboratory Press, 1989, and F. M. Ausubel et al., Guide to Molecular Biology 

Experiments, 3rd edition, John Wiley & Sons, Inc., 1995. The reagents (e.g., enzymes, 

plasmids, and primers) used in the respective examples were purchased from commercial 

companies, and various reagents (e.g., enzymes) were used in accordance with the 

conditions recommended by the manufacturers. Those skilled in the art would understand 

that the examples are illustrative to the invention, and are not intended to limit the scope of 

the invention. 

 

Example 1. Construction of recombinant virus OVN and OVH 

(1.1) Culture and titer determination of herpes simplex virus type 1 (HSV-1) 

Wild-type HSV-1 strain KOS was purchased from ATCC (Cat. No. VR-1493
TM

), and 

its whole-genome information has been published in NCBI (GenBank: JQ673480.1). 

Cultured Vero cells (purchased from ATCC, USA, Cat. No. CCL-81
TM

) were infected with 

the strain KOS at a MOI of 0.1. After 48 hours, all cells were collected by cell scraper and 

centrifuged to remove the cell culture medium. The obtained cell precipitate was 

resuspended in fresh complete medium and stored at -80°C. Subsequently, the cell 

suspension was repeatedly freeze-thawed (3 times), then centrifuged, and the supernatant 

was collected to obtain a virus solution. The virus solution was aliquoted and stored at 

-80°C. 

U-2 OS cells (purchased from ATCC, USA, catalogue number HTB-96
TM

) were 

seeded in 6 cm culture plates at a density of 1 x 10
6
 cells. After the cells were grown into a 

monolayer, serial 10-fold dilutions of the virus solution obtained above were performed, 

and then the cells were infected with virus solutions (500μl) of different dilution gradients, 

respectively. After 75 min of infection, the cell culture medium was discarded, 5 mL of 

fresh complete medium was added, and the cells were further cultured. After 2 h, 10 mL of 

methylcellulose medium was added, and the plate was placed in an incubator for 2 days. 
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Subsequently, a basal medium comprising 0.01% neutral red was added into the plate and 

incubation was continued for 12 hr. After the completion of the culture, all the cell culture 

medium was discarded, and the plaques of the respective culture plates were counted. 

According to the number of plaques of each culture plate and the dilution factor of the virus 

solution, the virus titer was calculated according to the following formula: virus titer 

(PFU/mL) = number of plaques per plate × 2 × virus dilution factor. 

(1.2) Construction of recombinant plasmid 

The sequence (SEQ ID NO: 1) between the 33
rd

 base (nt33) to the 5876
th

 base (nt5876) 

of the wild type HSV-1 virus genome (GenBank: JQ673480.1) was cloned to the 

commercially available PUC57 vector (Shanghai Shenggong) using restriction enzymes 

SacI and PstI, thereby obtaining plasmid PUC57-F0. Subsequently, the sequence between 

the NcoI and SalI cleavage sites in the plasmid PUC57-F0 was substituted with the gene 

sequence of LacZ (SEQ ID NO: 2) using restriction endonucleases NcoI and SalI, thereby 

obtaining plasmid PUC57-d34.5/0lacZ. Further, the sequence between the NcoI and SalI 

cleavage sites in the plasmid PUC57-F0 was also cut off, thereby obtaining plasmid 

PUC57-d34.5/0. 

(1.3) Construction and identification of recombinant viruses OVN and OVH 

The construction strategies of the recombinant viruses OVN and OVH are shown in 

Fig. 1A-1B, respectively. 

(1.3.1) Construction of recombinant virus d34.5/0lacZ 

U-2 OS cells were seeded in 24-well plates at a density of 1 x 10
5
 cells per well and 

cultured overnight at 37°C in a cell culture incubator. The recombinant plasmid 

PUC57-d34.5/0lacZ was transfected into U-2 OS cells using transfection reagent 

lipofectamine 2000. After 24 h of transfection, the cells were infected with the virus strain 

KOS at a MOI of 3. After cytopathic effect was observed, the cells were harvested. The 

harvested cells were lysed by repeated freeze-thaw method, then centrifuged, and the 

supernatant was collected to obtain a virus solution. The virus titer of the obtained virus 

solution was measured. 

The harvested virus was inoculated into a culture plate in which monolayer of U-2 OS 

cells were grown. After culturing for 2 days, a basal medium comprising 0.01% neutral red 

and 100 ug/mL X-gal was uniformly added to the culture plate, and the cells were further 

cultured for 12 hr. Subsequently, blue plaques appearing on the culture plate were selected, 

and the virus obtained from the blue plaques was monoclonalized (3 times) to obtain the 

recombinant virus d34.5/0lacZ. After being verified by sequencing, it was found that the 

two copies of the ICP34.5 and ICP0 genes in the recombinant virus d34.5/0lacZ genome 

were substituted with the lacZ gene as compared to the strain KOS. 

(1.3.2) Construction of recombinant virus OVN (d34.5/0) 

U-2 OS cells were seeded in 24-well plates at a density of 1 x 10
5
 cells per well and 

cultured overnight at 37°C in a cell culture incubator. The recombinant plasmid 

PUC57-d34.5/0 was transfected into U-2 OS cells using transfection reagent lipofectamine 

2000. After 24 h of transfection, the cells were infected with the recombinant virus 

d34.5/0lacZ at a MOI of 3. After cytopathic effect was observed, the cells were harvested. 

The harvested cells were lysed by repeated freeze-thaw method, then centrifuged, and the 

supernatant was collected to obtain a virus solution. The virus titer of the obtained virus 

solution was measured. 

The harvested virus was seeded into a culture plate in which monolayer of U-2 OS 

cells were grown. After culturing for 2 days, a basal medium comprising 0.01% neutral red 

and 100 ug/mL X-gal was uniformly added to the culture plate, and the cells were further 

cultured for 12 hr. Subsequently, white plaques appearing on the culture plate were selected, 

and the virus obtained from the white plaques was monoclonalized (3 times) to obtain the 

recombinant virus OVN (d34.5/0). After being verified by sequencing, the two copies of the 

lacZ gene had been deleted in the recombinant virus OVN (d34.5/0) genome as compared 
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with the recombinant virus d34.5/0lacZ; and the sequence of nt510 to nt5439 (SEQ ID NO: 

6) and the sequence of nt120802 to nt125731 (SEQ ID NO: 6) of the wild type HSV-1 

genome (GenBank: JQ673480.1) were deleted in the recombinant virus OVN (d34.5/0) as 

compared with the strain KOS. 

(1.3.3) Construction of recombinant virus OVH 

Sequence of base 112861 (nt112861) to 113422 (nt113422) (SEQ ID NO: 3) of the 

wild-type HSV-1 virus genome (GenBank: JQ673480.1) was cloned into the commercially 

available PUC57 vector by using restriction endonucleases SacI and PmeI, thereby 

obtaining plasmid PUC57-27p0. Subsequently, the sequence of base 113590 (nt113590) to 

base 115194 (nt115194) (SEQ ID NO: 4) of the wild-type HSV-1 viral genome (GenBank: 

JQ673480.1) was cloned into the plasmid PUC57-27p0 by using restriction enzymes SpeI 

and PstI, thereby obtaining plasmid PUC57-27p1. In the plasmid PUC57-27p1, the native 

promoter sequence of the ICP27 gene (nt113422 to nt113590 of the wild-type HSV-1 

genome (GenBank: JQ673480.1)) had been deleted. 

Subsequently, the sequence between the PmeI and SpeI cleavage sites in the plasmid 

PUC57-27p1 was substituted with the LacZ expression sequence (SEQ ID NO: 2), thereby 

obtaining plasmid PUC57-27p/lacZ. In addition, the sequence between the PmeI and SpeI 

cleavage sites in the plasmid PUC57-27p1 was substituted for the core promoter sequence 

of the adult telomerase reverse transcriptase hTERT (SEQ ID NO: 5; see, Takakura M, Kyo 

S, Kanaya T, et al. Cloning of human telomerase catalytic subunit (hTERT) gene promoter 

and identification of proximal core promoter sequences essential for transcriptional 

activation in immortalized and cancer cells [J]. Cancer Res, 1999, 59 (3): 551-557), thereby 

obtaining plasmid PUC57-27p/htert. In the plasmid PUC57-27p/htert, the ICP27 gene was 

regulated by a tumor-specific promoter (i.e., the hTERT core promoter). 

Subsequently, referring to the construction methods described in (1.3.1) and (1.3.2), 

the recombinant virus OVN was used as a starting virus, and the hTERT core promoter 

sequence was introduced into the recombinant virus OVN genome by using the plasmids 

PUC57-27p/lacZ and PUC57-27p/htert for regulating the ICP27 gene, thereby constructing 

a recombinant virus OVH. After being verified by sequencing, the native promoter 

sequence of the ICP27 gene (nt113423 to nt113589 of the wild-type HSV-1 genome 

(GenBank: JQ673480.1)) had been substituted by the hTERT core promoter (SEQ ID NO: 5) 

in the recombinant virus OVH genome as compared with the recombinant virus OVN.  

(1.4) Comparison of recombinant viruses OVN and OVH with known recombinant 

HSV viruses 

Currently, a variety of recombinant HSV viruses had been developed for use in tumor 

therapy, including, for example, HSV1716, NV1020, G207, OncoVex
GM-CSF

 (T-VEC), and 

the like. The genome modifications comprised in these recombinant HSV viruses and the 

recombinant viruses OVN and OVH of the present invention are summarized in Table 2 

below. 

Table 2: Genome modifications comprised in various recombinant HSV viruses 
Name Genetic modification Country 

HSV1716 Deletion of dual copies of ICP34.5 UK 

NV1020 Deletion of 15kb fragment at UL/US junction (i.e., deletion 

of single copies ICP34.5, ICP0, ICP4 and UL56) 

USA 

G207 Deletion of dual copies of ICP34.5 and ICP6 USA 

OncoVex
GM-CSF

 

（T-VEC） 

Deletion of dual copies of ICP34.5 and ICP47 USA 

OVN Deletion of dual copies of (ICP34.5 and ICP0) China 

OVH Deletion of dual copies of (ICP34.5 and ICP0), and the native 

promoter of the ICP27 gene was substituted with the hTERT 

core promoter 

China  

 

Fig. 2 is a schematic illustration of the genome modifications comprised in 
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recombinant viruses HSV1716, NV1020, G207, OncoVex
GM-CSF

 (T-VEC) and OVN. 

 

Example 2. Characterization of recombinant viruses OVN and OVH 

The recombinant virus dICP0 was constructed with reference to the method described 

in Example 1, which had the deletion of two copies of the ICP0 gene as compared to the 

strain KOS. The virus strain KOS and the recombinant virus dICP0 were used as control 

viruses to characterize the recombinant viruses OVN and OVH. Fig. 3 is a schematic 

illustration of the genome modifications comprised in the recombinant viruses OVN, OVH 

and dICP0 compared to the virus strain KOS; wherein the recombinant virus dICP0 had the 

deletion of two copies of the ICP0 gene compared to the virus strain KOS; the recombinant 

virus OVN had the deletion of the two copies of the ICP34.5 gene and the two copies of the 

ICP0 gene; the recombinant virus OVH had the deletion of the two copies of the ICP34.5 

gene and the two copies of the ICP0 gene, and the native promoter of the ICP27 gene was 

substituted with the hTERT core promoter. 

The gene deletions in the recombinant viruses OVN, OVH and dICP0 were verified by 

PCR. Briefly, the PCR was carried out using primers for specific amplification of ICP0 

gene, ICP34.5 gene, ICP27 gene or hTERT core promoter and using the genome of the 

virus strain KOS, OVN, OVH or dICP0 as a template. The primers used in the PCR are 

summarized in Table 3. 

Table 3: Primer sequences 
SEQ ID NO: Primer name Sequence (5’-3’) 

9 ICP0-F GACGTGTGCGCCGTGTGCACGGATGA 

10 ICP0-R ACTCTGTTCTTGGTTCGCGGCCTGAGCCA 

11 ICP34.5-F ATGGCCCGCCGCCGCCATCGC 

12 ICP34.5-R TTAGACCGAGTTCGCCGGGC 

13 ICP27-F ATGGCGACTGACATTGATATGCTAATTGA 

14 ICP27-R CTAAAACAGGGAGTTGCAATAAAAATATTTGC 

15 htertp-F CTCCCAGTGGATTCGCGGGCACAGAC 

16 htertp-R CTGCCTGAAACTCGCGCCGCGAGGA 

 

After the reaction was completed, the PCR product was analyzed by gel 

electrophoresis. The results are shown in Fig. 4. Fig. 4 shows the gel electrophoresis results 

of the products obtained by PCR using a genome of virus strain KOS, OVN, OVH or dICP0 

as template and primers capable of specifically amplifying ICP0 gene, ICP34.5 gene, ICP27 

gene or hTERT core promoter; wherein lane 1 represents a DNA molecular weight marker; 

lane 2 represents a PCR product using the virus strain KOS genome as template; lane 3 

represents a PCR product using the recombinant virus dICP0 genome as template; lane 4 

represents a PCR product using the recombinant virus OVN genome as template; Lane 5 

represents a PCR product using the recombinant virus OVH genome as template; Lane 6 

represents a PCR product using water as template. 

The results in Fig. 4 show that the genome of the virus strain KOS comprised the ICP0 

gene, the ICP34.5 gene and the ICP27 gene, but did not comprise the hTERT core promoter; 

the genome of the recombinant virus dICP0 comprised the ICP34.5 gene and the ICP27 

gene, but did not comprise the ICP0 gene and the hTERT core promoter; the genome of 

recombinant virus OVN comprised the ICP27 gene, but did not comprise the ICP34.5 gene, 

the ICP0 gene and the hTERT core promoter; the genome of the recombinant virus OVH 

comprised the ICP27 gene and the hTERT core promoter, but did not comprise the ICP34.5 

gene and the ICP0 gene. 

In addition, the gene expression (mRNA) of cells after infection with KOS, OVN, 

OVH or dICP0 was also analyzed by using real-time quantitative PCR. Briefly, the U-2 OS 

host cells were infected with KOS, OVN, OVH and dICP0, respectively. After cytopathic 

effect was observed, the cells were harvested and total mRNA was extracted. The total 

mRNA was reverse transcribed into cDNA, and real-time quantitative PCR was carried out 
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using primers specifically amplifying the ICP0 gene, the ICP34.5 gene or the ICP27 gene, 

respectively. The result is shown in Fig. 5. 

Fig. 5 shows the results of real-time quantitative PCR analysis of IE gene expression 

(mRNA) of KOS, OVN, OVH or dICP0. The results in Fig. 5 show that the strain KOS was 

capable of expressing the ICP0 gene, the ICP34.5 gene and the ICP27 gene; the 

recombinant virus dICP0 was capable of expressing the ICP34.5 gene and the ICP27 gene, 

but did not express the ICP0 gene; the recombinant virus OVN and OVH were capable of 

expressing the ICP27 Gene, but expressed neither the ICP34.5 gene nor the ICP0 gene. This 

indicates that the recombinant virus dICP0 had the deletion of the two copies of the ICP0 

gene, and the ICP0 protein could not be expressed after infection of the host cells; and the 

recombinant viruses OVN and OVH both had the deletion of the two copies of the ICP34.5 

gene and the ICP0 gene, and thus the ICP0 protein and the ICP34.5 protein could not be 

expressed after infection of the host cells. 

 

Example 3. Evaluation of replication ability and killing ability of recombinant virus 

OVN/OVH 

Normal cells (L-O2 cells) and tumor cells (U-2 OS cells) in logarithmic growth phase 

were seeded in 6 cm culture plates at a density of 5-7.5 × 10
6
 cells/plate. Subsequently, the 

cultured cells were infected with the virus KOS, OVN, OVH or dICP0 at a MOI of 1. After 

48 hours of infection, the state of the cells was observed under a microscope and 

photographed. Subsequently, the virus-infected cells were digested, and the survival rate of 

the cells was calculated by trypan blue staining. Cell survival rate (%) = (number of viable 

cells after infection with virus) / (number of control cells not infected with virus) × 100. A 

3-well replicate was set for each group of experiments and the experimental result was the 

average of 3 independent experiments. In addition, the virus titers at different time points 

after infection of normal cells (L-O2 cells) and tumor cells (U-2 OS cells) with virus KOS, 

OVN, OVH or dICP0 were determined with reference to the protocol described in Example 

1. A 3-well replicate was set for each group of experiments and the experimental result was 

the average of 3 independent experiments. The experimental results are shown in Fig. 6-8. 

Fig. 6 shows the virus titers after 48 h of infection of L-O2 cells (Fig. 6A) or U-2 OS 

cells (Fig. 6B) with virus KOS, OVN, OVH or dICP0 at a MOI of 1. The results in Fig. 6A 

show that both virus KOS and dICP0 had a high level of replication after infection of L-O2 

cells, and their virus titers reached approximately 1.94 × 10
7
 and 3.01 × 10

6
 pfu/ml after 48 

h of infection; while the replication ability of the virus OVN and OVH were decreased 

significantly, and their virus titers were only about 2.14 × 10
5
 and 1.85 × 10

3
 pfu/ml after 

48 h of infection. The results in Fig. 6B show that the viruses KOS, OVN, OVH and dICP0 

had a high level of replication after infection of U-2 OS cells, and their virus titers were 

1.01-1.83 × 10
8
 pfu/ml after 48 h of infection. These results indicate that the viruses KOS 

and dICP0 were capable of replicating at high levels in normal cells (e.g., L-O2 cells) and 

tumor cells (e.g., U-2 OS cells); whereas the viruses OVN and OVH were only capable of 

replicating at high levels in tumor cells (e.g., U-2 OS cells) (their replication abilities were 

only slightly decreased as compared to the viruses KOS and dICP0), and their replication 

abilities were significantly decreased in normal cells (e.g., L-O2 cells). For example, in 

L-O2 cells, the replication abilities of the viruses OVN and OVH were decreased by about 

90 times and 10
4
 times, respectively, as compared to that of the virus KOS; and the 

replication abilities of the viruses OVN and OVH were decreased by about 14 times and 1.6 

× 10
3
 times, respectively, as compared to that of the virus dICP0.  

Fig. 7 shows the virus titers at different time points (12h, 24h, 36h, 48h and 60h after 

infection) after infection of monolayer U-2 OS cells with virus KOS, OVN, OVH or dICP0 

at a MOI of 0.01. The results in Fig. 7 show that the virus KOS, OVN, OVH or dICP0 had 

substantially comparable replication ability in tumor cells (e.g., U-2 OS cells). 

Fig. 8 shows the cell survival rate after 72 h of infection of L-O2 cells (Fig. 8A) or 
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U-2 OS cells (Fig. 8B) with virus KOS, OVN, OVH or dICP0 at a MOI of 1; wherein 

MOCK represents the cells without being infected with the virus. The results in Fig. 8A 

show that after 72 h of infection, the killing abilities of the viruses KOS and dICP0 to L-O2 

cells were about 91.5% and 89%, respectively (both of them had significantly killing 

abilities to L-O2 cells); the killing abilities of the viruses OVN and OVH to L-O2 cells 

were about 42% and 5%, respectively (their killing abilities to L-O2 cells were significantly 

decreased). The results in Fig. 8B show that the viruses KOS, OVN, OVH and dICP0 could 

kill 100% of U-2 OS cells after infection for 72 h (all of them had very strong killing 

abilities to U-2 OS cells). These results indicate that the viruses KOS and dICP0 had 

extremely high killing abilities to normal cells (e.g., L-O2 cells) and tumor cells (e.g., U-2 

OS cells); while the viruses OVN and OVH only had high killing abilities to tumor cells 

(e.g., U-2 OS cells) (their killing abilities were substantially the same as those of the 

viruses KOS and dICP0), but their killing abilities to normal cells (e.g., L-O2 cells) were 

significantly decreased. For example, in L-O2 cells, the killing abilities of the viruses OVN 

and OVH were decreased by about 54.1% and 94.5%, respectively, as compared with the 

virus KOS; and the killing abilities of the viruses OVN and OVH were decreased by about 

52.8% and 94.4%, respectively, as compared with the virus dICP0. 

The experimental results in Fig. 6-8 show that compared with the wild-type virus KOS 

and the recombinant virus dICP0, the replication abilities and killing abilities of the 

recombinant viruses OVN and OVH in normal cells are significantly decreased, while their 

replication abilities and killing abilities in tumor cells were substantively the same (or only 

slightly decreased). This indicates that the recombinant viruses OVN and OVH of the 

present invention are capable of not only maintaining high replication ability and high 

killing ability (with good antitumor activity) in tumor cells, but also significantly reducing 

the virulence to normal cells. Therefore, the recombinant viruses OVN and OVH of the 

present invention are useful for antitumor treatment, and they have higher safety to normal 

cells and can be used at higher doses. 

In addition, the killing abilities of the recombinant viruses OVN and OVH to various 

tumor cells were also determined with reference to the method described above. Briefly, 

tumor cells in good state and in logarithmic growth phase were seeded in 6 cm culture 

plates at a density of 5-7.5 x 10
6
 cells/plate. Subsequently, the cultured tumor cells were 

infected with the virus OVN or OVH at a MOI of 1. After 48 hours of infection, the 

infected tumor cells were digested, and the survival rate of the tumor cells was calculated 

by trypan blue staining. In this experiment, the cells without being infected with virus were 

used as controls. Cell survival rate (%) = (number of viable cells after infection with virus) 

/ (number of control cells not infected with virus) × 100. A 3-well replicate was set for each 

group of experiments and the experimental result was the average of 3 independent 

experiments. The experimental results are shown in Fig. 9. 

Fig. 9 shows the results of cell survival rate after infection of various tumor cells with 

the virus OVN or OVH for 48 h; wherein MOCK represents tumor cells that were not 

infected with the virus. The experimental results in Fig. 9 show that the recombinant 

viruses OVN and OVH could significantly kill a variety of tumor cells, including, for 

example, lung cancer cells H1299, H520, H1975, NCI-H358 and A549 (5 strains); liver 

cancer cells Huh7, Hep3B, HepG2, GSG7701, SMMC7721, Hepa1-6, BEL7404, PLC/PRF, 

QGY7703 (9 strains); breast cancer cells MADMB231, MCF7, MADMB468 (3 strains); 

osteosarcoma cells U2OS and SAOS2 (2 strains); ovarian cancer cells SKOV3 and CAOV3 

(2 strain); cervical cancer cells SiHA and Hela (2 strains); prostate cancer cell PC-3 (1 

strain); glioma cell U87MG (1 strain); melanoma A375 (1 strain); colorectal cancer 

HCT116 (1 strain) and pancreatic cancer Panc1 (1 strain); and the OVN and OVH had 

comparable tumor killing abilities. These experimental results show that the recombinant 

viruses OVN and OVH of the present invention have good killing activity to various tumor 

cells and can be used for tumor treatment. 
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Example 4. Evaluation of neurotoxicity and in vivo safety of recombinant virus 

OVN/OVH 

Herpes viruses are neurotoxic and neurologically latent, with the greatest danger being 

the ability to infect the central nervous system of humans or animals, leading to serious side 

effects such as encephalitis. Therefore, the most direct and sensitive way to assess the 

safety of herpes viruses is to inject the virus intracranially into young mice and assess the 

direct killing of the mouse central nervous system by the virus. In this example, we 

evaluated the neurotoxicity and safety of various recombinant HSV-1 viruses in mice using 

a mouse encephalitis model induced by intracranial injection of virus. 

Briefly, 4-6 weeks old BALB/c female mice (n=10) were used as experimental 

subjects, and 20 μl of virus was slowly injected intracranially at the left anterior lobe of 

brain, near the junction of coronal suture and sagittal suture. After the injection, the 

incidence and survival of the mice were observed every day. Fig. 10 shows the survival rate 

of mice after intracranial injection of virus KOS, dICP0, OVN or OVH at a given dose; 

wherein Vehicle represents mice without being injected with virus. 

The results show that when intracranial injection of 1 × 10
4
 PFU of wild-type virus 

KOS, 100% of the mice developed moderate to severe side effects; after the onset of 

disease, the mice were often accompanied by symptoms such as hair rising, anorexia, cold, 

dilatory, and even paralyzed; and 100% of mice died within 4-6 days after virus injection 

(Fig. 10). When intracranial injection of 1 × 10
5
 PFU of virus dICP0, about 80% of mice 

died within 4-8 days after virus injection, and only 20% of the mice gradually recovered 

after one week. 

When a high dose (1 × 10
7
 PFU) of virus OVN was injected intracranially, no mice 

(0/10) died during the entire experimental period, and the survival rate of the mice was 

100%. This indicates that compared with the wild-type virus KOS and the recombinant 

virus dICP0, the neurotoxicity of the virus OVN was significantly decreased, the safety in 

vivo was remarkably improved, and the doses used could be increased by at least 1000 

times and 100 times, respectively. 

When a higher dose (4 × 10
7
 PFU) of virus OVN was injected intracranially, only one 

mouse (1/10) died during the entire experimental period, and the mouse survival rate was 

90%. This indicates that the virus OVN had a half-lethal dose higher than 4 × 10
7
 PFU in 

mice, and thus had excellent in vivo safety. 

When 4 × 10
7
 PFU of virus OVH was injected intracranially, no mice (0/10) died 

during the entire experimental period, and the mouse survival rate was 100%. And, more 

importantly, the mice did not show any adverse reactions throughout the experimental 

period. This indicates that the virus OVH had further significantly decreased neurotoxicity 

and further significantly improved the safety in vivo, as compared to the virus OVN. 

The above experimental results show that the viruses OVN and OVH of the present 

invention have low neurotoxicity, high safety in vivo, and have broad application prospects. 

 

Example 5. Evaluation of therapeutic potential of recombinant virus OVN/OVH 

Tumor cells (Huh7 and Hepa1-6) were cultured in complete medium comprising 10% 

calf serum in a 37°C, 5% CO2 incubator. When the cells were grown to logarithmic growth 

phase, the cells were digested with 0.05% trypsin and washed with PBS to obtain a cell 

suspension (cell density of 5 × 10
7
/mL) resuspended in PBS. 

0.1 mL of Huh7 cell suspension was inoculated subcutaneously into the right flank of 

each of 5-6 weeks old nude mice. When the tumor on mouse back grew to 6 mm × 6 mm 

(tumor volume was approximately 100 mm
3
), the mice were grouped (n=8/group) and 

treatment was started (Day 0). The treatment regimen was as follows: 1 × 10
7
 PFU virus 

(OVN or OVH) or the same volume of DMEM (used as a control) was injected 

intratumorally, once every 3 days, for a total of 3 injections. 
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0.1 mL of Hepa1-6 cell suspension was inoculated subcutaneously on the left and right 

flanks of each of 5-week-old mice (C57BL/6). When the tumor on mouse back grew to 6 

mm x 6 mm (tumor volume was approximately about 100 mm
3
), the mice were grouped and 

treatment was started. The treatment regimen was as follows: 1 × 10
7
 PFU virus (OVN or 

OVH) or the same volume of DMEM was injected intratumorally, once every 3 days, for a 

total of 3 injections. 

The status of mice was monitored every 3 days and the tumor size was measured using 

an electronic vernier caliper. Tumor volume and tumor inhibition rate were calculated 

according to the following formula: 

V (volume) = [L × (W)
2
]/2; L represents a long diameter, and W represents a short 

diameter. 

Tumor inhibition rate = (tumor volume of control group - tumor volume of 

experimental group) / tumor volume of control group × 100%. 

The experimental results are summarized in Fig. 11-12. 

Fig. 11 shows the tumor volume-time curves (Fig. 11A) and survival rate-time curves 

(Fig. 11B) of the nude mice inoculated with Huh7 cells after treatment with OVN or OVH; 

wherein DMEM represents untreated mice. The results of Fig. 11A show that after three 

doses of virus injections, both the recombinant viruses OVN and OVH significantly 

inhibited tumor growth; on day 21, the inhibition rate of OVN reached 86.1%, and the 

inhibition rate of OVH reached 78%. The results in Fig. 11B show that after three virus 

injections, the recombinant viruses OVN and OVH significantly prolonged the survival 

time of tumor-bearing nude mice; on day 60, the control group of nude mice died 

completely, while the nude mice administrated with the recombinant virus OVN or OVH 

still had a survival rate of 75% after the end of the experiment. 

Fig. 12 shows the tumor volume-time curves of tumors on left flank (Fig. 12A) and 

tumors on right flank (Fig. 12B) of mice (C57BL/6) inoculated with Hepa1-6 cells after 

treatment with OVN or OVH; wherein DMEM represents untreated mice. The results in Fig. 

12 show that after three doses of virus injections on the right flank tumors, the recombinant 

viruses OVN and OVH not only safely cleared the right flank tumors of the mice, but also 

cleared the left flank tumors. 

These experimental results have confirmed that the viruses OVN and OVH of the 

present invention have significant potential for treating tumors in vivo, and have broad 

application prospects. 

 

Example 6. Construction and characterization of other recombinant viruses (1) 

In this example, a series of derived recombinant viruses were constructed based on the 

recombinant viruses OVN and OVH. 

Referring to the method described in Example 1 (particularly 1.3.1 to 1.3.3), the 

recombinant virus OVN was used as the starting virus, and the hTERT core promoter 

sequence was introduced into the recombinant virus OVN genome by the recombinant 

plasmid for regulating the VP5 gene or the ICP4 gene, thereby constructing recombinant 

viruses OVH1 and OVH2. 

After being verified by sequencing, the native promoter sequence of the VP5 gene 

(nt40729 to nt40475 of the wild-type HSV-1 genome (GenBank: JQ673480.1)) had been 

substituted with the hTERT core promoter sequence (SEQ ID NO: 5) in the recombinant 

virus OVH1 genome compared with the recombinant virus OVN; in the recombinant virus 

OVH2 genome, the native promoter sequence of the ICP4 gene (nt146151 to nt146867 and 

nt131706 to nt130990 of the wild-type HSV-1 genome (GenBank: JQ673480.1)) had been 

substituted with the hTERT core promoter sequence (SEQ ID NO: 5). 

Fig. 13 is a schematic illustration showing the differences in genome structure 

between the recombinant viruses OVH, OVH1 and OVH2 and the recombinant virus OVN; 

wherein, the native promoter sequence of the ICP27 gene of the recombinant virus OVH, 
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the native promoter sequence of the VP5 gene of the recombinant virus OVH1, and the 

native promoter sequence of the ICP4 gene of the recombinant virus OVH2 were 

substituted with the hTERT core promoter sequence, respectively, as compared with the 

recombinant virus OVN. 

Further, referring to the method described in Example 1 (particularly 1.3.1 to 1.3.3), 

the recombinant virus d34.5/0lacZ was used as the starting virus, and the nucleotide 

sequence encoding the GFP protein (SEQ ID NO: 7) and the nucleotide sequence encoding 

the anti-human PD-1 single chain antibody (SEQ ID NO: 8) were introduced into the 

recombinant virus d34.5/0lacZ genome to replace the lacZ gene by using recombinant 

plasmids, thereby constructing and obtaining the recombinant viruses OVN-GFP And 

OVN-PD-1-scfv. After being verified by sequencing, compared with the recombinant virus 

d34.5/0lacZ, in the recombinant virus OVN-GFP genome, the two copies of the lacZ gene 

had been substituted with the nucleotide sequence encoding the GFP protein (i.e., in the 

genome of the recombinant virus OVN-GFP, the sequence of nt510 to nt5439 and the 

sequence of nt120802 to nt125731 of the wild-type HSV-1 genome (GenBank: JQ673480.1) 

were substituted with the nucleotide sequence encoding the GFP protein); in the genome of 

the recombinant virus OVN-PD-1-scfv, the two copies of the lacZ gene had been 

substituted with the nucleotide sequence encoding the PD-1 single-chain antibody (i.e., in 

the genome of the recombinant virus OVN-PD-1-scfv, the sequence of nt510 to nt5439 and 

the sequence of nt120802 to nt125731 of the wild-type HSV-1 genome (GenBank: 

JQ673480.1) were substituted with the nucleotide sequence encoding the PD-1 single chain 

antibody). 

Further, the recombinant virus OVN-GFP and OVN-PD-1-scfv were used as the 

starting viruses, and the hTERT core promoter sequence was introduced into the starting 

virus genome to regulate the ICP27 gene by using plasmids PUC57-27p/lacZ and 

PUC57-27p/htert, thereby constructing and obtaining recombinant viruses OVH-GFP and 

OVH-PD-1-scfv. 

After being verified by sequencing, compared with recombinant virus OVN-GFP, the 

native promoter sequence of the ICP27 gene (nt113423 to nt113589 of the wild-type HSV-1 

genome (GenBank: JQ673480.1)) in the recombinant virus OVH-GFP genome had been 

substituted with the hTERT core promoter sequence (SEQ ID NO: 5). Compared with the 

recombinant virus OVN-PD-1-scfv, the native promoter sequence of the ICP27 gene 

(nt113423 to nt113589 of the wild-type HSV-1 genome (GenBank: JQ673480.1)) in the 

recombinant virus OVH-PD-1-scfv genome had been substituted with the hTERT core 

promoter sequence (SEQ ID NO: 5). 

Fig. 14 is a schematic illustration showing the genome structure differences of 

recombinant viruses d34.5/0lacZ, OVN, OVN-GFP, OVN-PD-1-scfv, OVH-GFP and 

OVH-PD-1-scfv. 

U-2 OS cells (purchased from ATCC, USA, item number HTB-96
TM

) were seeded in 6 

cm culture plates at a density of 1 × 10
6
 cells. After the cells were grown into a monolayer, 

the cells were infected with the recombinant viruses OVN-GFP and OVH-GFP, 

respectively. After cytopathic effect was observed, the cells infected with the recombinant 

viruses OVN-GFP and OVH-GFP were observed under a fluorescence microscope. The 

results are shown in Fig. 15. Fig. 15 shows the results of the fluorescence microscopic 

observation of the U-2 OS cells infected with the recombinant virus OVN-GFP or 

OVH-GFP. The results in Fig. 15 show that the OVN-GFP and OVH-GFP infected U-2 OS 

cells were capable of emitting green fluorescence. This indicates that the recombinant 

viruses OVN-GFP and OVH-GFP were capable of expressing GFP protein after infection of 

the host cells. 

U-2 OS cells (purchased from ATCC, USA, catalogue number HTB-96
TM

) were 

seeded in 6 cm culture plates at a density of 1 × 10
6
 cells. After the cells were grown into a 

monolayer, the cells were infected with the recombinant viruses OVH and OVH-PD-1-scfv, 
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respectively. The culture supernatants of the cells were harvested for after 24 h and 48 h of 

infection, respectively, for subsequent analysis. The supernatant collected 48 h after 

infection was subjected to serial 2-fold gradient dilutions, and the ability of supernatant of 

each dilution to inhibit interaction between PD-1 and PD-L1 was determined by an ELISA 

method based on competition between PD-1 single-chain antibody and PD-L1 protein for 

binding to PD-1 protein. In addition, the abilities of the supernatants collected at 24 h and 

48 h after infection to bind PD-1 was also determined by an ELISA method based on the 

reactivity between PD-1 single-chain antibody and PD-1 protein. The experimental results 

are shown in Fig. 16. 

Fig. 16 shows after infection of U-2 OS cells with recombinant virus OVH or 

OVH-PD-1-scfv for 24 h or 48 h, the ability of the cell supernatants to inhibit the specific 

binding of PD-1/PD-L1 (Fig. 16A), and the results of analysis of the interaction between 

the cell supernatants and the PD-1 protein (Fig. 16B); wherein MOCK represents tumor 

cells without being infected with the virus. The results in Fig. 16 show that the supernatants 

of OVH-PD-1-scfv-infected U-2 OS cells were capable of inhibiting the specific binding of 

PD-1/PD-L1 and were capable of specifically binding to PD-1. This indicates that the 

recombinant virus OVH-PD-1-scfv expressed a PD-1 single-chain antibody after infection 

of host cells, which bound to PD-1 and blocked the interaction between PD-1 and PD-L1. 

The experimental results of Fig. 15-16 indicate that the genomes of the recombinant 

viruses OVN and OVH of the present invention are useful as viral vectors for carrying and 

expressing foreign genes. 

In addition, the abilities of the recombinant viruses OVH and OVH-PD-1-scfv to treat 

tumors were also verified in mice (C57BL/6) inoculated with Hepa1-6 cells according to 

the method described in Example 5. The results are shown in Fig. 17. 

Fig. 17 shows the tumor volume-time curves of tumors on left flank (Fig. 17A) and 

tumors on right flank (Fig. 17B) of mice (C57BL/6) inoculated with Hepa1-6 cells after 

treatment with OVH or OVH-PD-1-scfv; wherein Vehicle represents untreated mice. The 

results in Fig. 17 show that after three doses of virus injections on the right flank tumors, 

the recombinant viruses OVH and OVH-PD-1-scfv not only safely cleared the right flank 

tumors of the mice, but also cleared the left flank tumors. 

These experimental results confirm that the recombinant viruses OVH-PD-1-scfv and 

OVH of the present invention have significant potential for treating tumors in vivo, and 

have broad application prospects. 

 

Example 7. Construction and characterization of other recombinant viruses (2) 

In this example, a series of derived recombinant viruses were constructed based on the 

recombinant virus OVN. Briefly, with reference to the method described in Example 1 

(especially 1.3.1 to 1.3.3), the recombinant virus OVN was used as the starting virus, and 

the non-essential gene UL41, UL43, UL48, UL55, US2, LAT or NF in the recombinant 

virus OVN genome was deleted by using recombinant plasmids, respectively, thereby 

constructing and obtaining recombinant viruses OVN-dUL41, OVN-dUL43, OVN-dUL48, 

OVN-dUL55, OVN-dUS2, OVN-dLAT and OVN-dNF. 

According the verification by sequencing, compared with the recombinant virus OVN, 

the recombinant virus OVN-dUL41 genome had a deletion of the UL41 (vhs) gene 

(GenBank: AFE62869.1; corresponding to nt91088 to nt92557 of the wild-type HSV-1 

genome (GenBank: JQ673480.1)); the recombinant virus OVN-dUL43 genome had a 

deletion of the UL43 gene (GenBank: AFE62871.1; corresponding to nt94721 to nt95968 of 

the wild-type HSV-1 genome (GenBank: JQ673480.1)); the recombinant virus 

OVN-dUL48 genome had a deletion of the UL48 (VMW65) gene (GenBank: AFE62876.1; 

corresponding to nt103527 to nt104999 of the wild-type HSV-1 genome (GenBank: 

JQ673480.1)); the recombinant virus OVN-dUL55 genome had a deletion of the UL55 gene 

(GenBank: AFE62884.1; corresponding to nt115418-nt115978 of the wild-type HSV-1 
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genome (GenBank: JQ673480.1)); the recombinant virus OVN-dUS2 genome had a 

deletion of the US2 gene (GenBank: AFE62890.1; corresponds to nt133911 to nt134786 of 

the wild-type HSV-1 genome (GenBank: JQ673480.1); the recombinant virus OVN-dLAT 

genome had a deletion of the LAT gene (corresponding to nt4781 to nt7062 of the 

wild-type HSV-1 genome (GenBank: JQ673480.1)); and, the recombinant virus OVN-dNF 

genome had a deletion of the nucleotide fragment (NF) (corresponding to nt5853 to nt7485 

of the wild-type HSV-1 genome (GenBank: JQ673480.1)). 

Alternatively, CRISPR technology can also be used, for example, by designing 

specific sgRNA primers and using the commercially available LentiCRISPR v2 vector 

(Addgene), the non-essential gene UL41, UL43, UL48, UL55, US2, LAT or NF in the 

recombinant virus OVN genome could be deleted, respectively. 

Information on the non-essential genes UL41, UL43, UL48, UL55, US2, LAT and NF 

is also provided in Table 4. 

 

Table 4. Information on non-essential genes 

Gene name GenBank No. Sites in genome SEQ ID NO: 

UL41 (vhs) AFE62869.1 nt91088-nt92557 17 

UL43 AFE62871.1 nt94721-nt95968 18 

UL48 (VMW65) AFE62876.1 nt103527-nt104999 19 

UL55 AFE62884.1 nt115418-nt115978 20 

US2 AFE62890.1 nt133911-nt134786 21 

LAT Derived from 

JQ673480.1 

nt4781-nt7062 22 

Nucleotide fragment 

(NF) 

Derived from 

JQ673480.1 

nt5853-nt7485 23 

 

Tumor cells (U-2 OS cells) in good condition and in logarithmic growth phase were 

seeded in 6 cm culture plates at a density of 5 - 7.5 × 10
6
 cells/plate. Subsequently, the 

cultured cells were infected with the recombinant virus OVN, OVN-dUL41, OVN-dUL43, 

OVN-dUL48, OVN-dUL55, OVN-dUS2, OVN-dLAT or OVN-dNF, respectively, at a MOI 

of 0.01. After 60 h of infection, the virus titer of the above recombinant virus was 

determined by referring to the protocol described in Example 1. A 3-well replicate was set 

for each group of experiments and the experimental result was the average of 3 independent 

experiments. The experimental results are shown in Fig. 18. 

Fig. 18 shows the virus titers after 60 h of infection of U-2 OS cells with virus OVN, 

OVN-dUL41, OVN-dUL43, OVN-dUL48, OVN-dUL55, OVN-dUS2, OVN-dLAT or 

OVN-dNF, respectively, at a MOI of 0.01. The results in Fig. 18 show that after infection 

of U-2 OS cells, the viruses OVN, OVN-dUL55, OVN-dUS2, OVN-dLAT and OVN-dNF 

showed replication at high levels: after 60 h of infection, their viral titers were between 

1.01-1.18 × 10
8
 pfu/ml, on the order of 10

8
 pfu/ml; while the viruses OVN-dUL43, 

OVN-dUL41 and OVN-dUL48 showed replication at low levels: after 60 h of infection, 

their virus titers were lower than 10
7
 pfu/ml, on the order of 10

4
 to 10

6
 pfu/ml. The viral 

titers of these recombinant viruses are also provided in Table 5. 

 

Table 5: Viral titers of recombinant viruses after 60 h of infection of U-2 OS cells 

Recombinant virus Viral titer (pfu/ml) Recombinant virus Viral titer (pfu/ml) 

OVN 1.01×10
8
 ± 8.54×10

6
 OVN-dUL55 1.05×10

8
 ± 5.00×10

6
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OVN-dUL41 1.80×10
5
 ± 2.65×10

4
 OVN-dUS2 1.18×10

8
 ± 2.89×10

6
 

OVN-dUL43 1.83×10
6
 ± 2.89×10

5
 OVN-dLAT 1.07×10

8
 ± 5.77×10

6
 

OVN-dUL48 3.37×10
4
 ± 3.21×10

3
 OVN-dNF 1.02×10

8
 ± 7.64×10

6
 

 

These results indicate that the viruses OVN, OVN-dUL55, OVN-dUS2, OVN-dLAT, 

and OVN-dNF were capable of replicating at high levels in tumor cells (e.g., U-2 OS cells); 

whereas the replication abilities of the viruses OVN-dUL43, OVN-dUL41 and OVN-dUL48 

in tumor cells (e.g., U-2 OS cells) were significantly decreased. For example, in U-2 OS 

cells, the replication abilities of the viruses OVN-dUL41, OVN-dUL43 and OVN-dUL48 

were decreased by about 561 times, 55 times, and 3 × 10
3
 times, respectively, as compared 

to the virus OVN. 

In addition, the cultured normal cells ( L-O2 cells) or tumor cells (U-2 OS cells) were 

infected with the recombinant virus OVN, OVN-dUL41, OVN-dUL43, OVN-dUL48, 

OVN-dUL55, OVN-dUS2, OVN-dLAT or OVN-dNF, respectively, at a MOI of 0.5. After 

72 hours of infection, the survival rate of the cells was determined. A 3-well replicate was 

set for each set of experiments and the experimental result was the average of 3 

independent experiments. The experimental results are shown in Fig. 19. 

Fig. 19 shows the cell survival rate of normal cells (L-O2 cells; Fig. 19A) or tumor 

cells (U-2 OS cells; Fig. 19B) after 72 h of infection with the virus OVN, OVN-dUL41, 

OVN-dUL43, OVN-dUL48, OVN-dUL55, OVN-dUS2, OVN-dLAT or OVN-dNF, 

respectively, at a MOI of 0.5. 

The results of Fig. 19A show that the killing rates of the viruses OVN-dUL41 and 

OVH-dUL48 on L-O2 cells after 72 h of infection were about 17.67% and 14.33%, 

respectively; the killing abilities of both on L-O2 cells were stronger than that of the virus 

OVN. The killing rates of the viruses OVN-dUL43, OVN-dUL55, OVN-dUS2, OVN-dLAT 

and OVN-dNF on L-O2 cells were between 8.33% and 11.00%, which were not 

significantly different from that of the virus OVN. 

The results in Fig. 19B show that the killing rates of the viruses OVN, OVN-dUL55, 

OVN-dUS2, OVN-dLAT and OVN-dNF on U-2 OS cells after 72 h of infection were 100% 

(i.e., having extremely high killing ability on the tumor cells). The killing abilities of the 

viruses OVN-dUL41, OVN-dUL43 and OVN-dUL48 on U-2 OS cells was significantly 

decreased. 

The killing rates of these recombinant viruses against L-O2 and U-2 OS cells are also 

provided in Table 6. 

Table 6: Killing rates of recombinant viruses against L-O2 cells and U-2 OS cells 

 Killing rate 

Recombinant virus L-O2 cells U-2 OS cells 

OVN 90.00% ± 1.00% 0.87% ± 0.71% 

OVN-dUL41 82.33% ± 0.58% 76.00% ± 2.65% 

OVN-dUL43 89.00% ± 1.00% 52.67% ± 0.58% 

OVN-dUL48 85.67% ± 1.15% 68.33% ± 0.58% 

OVN-dUL55 90.33% ± 0.58% 0.90% ± 0.10% 

OVN-dUS2 90.67% ± 0.58% 0.77% ± 0.06% 

OVN-dLAT 90.33% ± 0.58% 0.46% ± 0.05% 

OVN-dNF 91.67% ± 0.58% 0.90% ± 0.10% 

These results indicate that, similar to the virus OVN, the viruses OVN-dUL55, 
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OVN-dUS2, OVN-dLAT and OVN-dNF had only very limited killing activity to normal 

cells (e.g., L-O2 cells), whereas their killing abilities to tumor cells (e.g., U-2 OS cells) 

were extremely high; this indicates that the four recombinant viruses were equivalent to the 

virus OVN. Compared with the virus OVN, the viruses OVN-dUL41 and OVH-dUL48 not 

only had enhanced killing ability to normal cells (e.g., L-O2 cells), but also had 

significantly decreased killing ability to tumor cells (e.g., U-2 OS cells); which indicate 

that the two recombinant viruses had increased toxicity to normal cells and decreased 

antitumor activity. Although the killing activity of the virus OVN-dUL43 to normal cells 

(e.g., L-O2 cells) was not significantly enhanced as compared with the virus OVN, its 

killing activity to tumor cells (e.g., U-2 OS cells) was significantly decreased. 

Specifically, in normal cells, the killing abilities of the viruses OVN-dUL41, 

OVN-dUL43 and OVH-dUL48 were increased by about 7.67%, 1.00%, and 4.33%, 

respectively, as compared to the virus OVN. In tumor cells, the killing abilities of the 

viruses OVN-dUL41, OVN-dUL43 and OVH-dUL48 were decreased by about 75.13%, 

51.80% and 67.46%, respectively, as compared to the virus OVN. 

The above experimental results indicate that in the recombinant HSV virus of the 

present invention, non-essential genes other than UL41, UL43 and UL48 (e.g., UL55, US2, 

LAT and NF) may be further modified, for example, inserted with a loss-of-function 

mutation, or deleted. 

 

Although the specific embodiments of the invention have been described in detail, it 

would be understood by those skilled in the art that various modifications and changes can 

be made in the details of the present invention. The full scope of the invention is given by 

the appended claims and any equivalents thereof. 
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What is claimed is: 

1. A recombinant HSV virus, which does not express a functional ICP0 protein and 

ICP34.5 protein; but is capable of expressing a functional UL43 protein, a functional UL41 

protein (i.e., a vhs protein), a functional UL48 protein (i.e., a VMW65 protein), or any 

combination thereof; 

preferably, the recombinant HSV virus is a recombinant HSV-1 virus, a recombinant 

HSV-2 virus, or an HSV-1/HSV-2 chimeric virus; 

preferably, the recombinant HSV virus is derived from a HSV-1 strain KOS. 

 

2. The recombinant HSV virus according to Claim 1, wherein the genome of the 

recombinant HSV virus comprises the following modifications: 

two copies of the ICP0 gene each independently comprises a loss-of-function mutation 

(e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); and 

two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); 

for example, in the genome of the recombinant HSV virus, 

(a1) one copy of the ICP0 gene comprises a loss-of-function mutation (e.g., addition, 

deletion, and/or substitution of one or more bases), and the other copy of the ICP0 gene 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein); or 

(b1) one copy of the ICP0 gene is deleted, and the other copy of the ICP0 gene 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein); or 

(c1) one copy of the ICP0 gene is substituted with an exogenous nucleotide sequence 

(e.g., a nucleotide sequence encoding a foreign protein), and the other copy of the ICP0 

gene comprises a loss-of-function mutation (e.g., addition, deletion and/or substitution of 

one or more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., 

a nucleotide sequence encoding a foreign protein); and 

(a2) one copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., 

addition, deletion, and/or substitution of one or more bases), and the other copy of the 

ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein); or 

(b2) one copy of the ICP34.5 gene is deleted, and the other copy of the ICP34.5 gene 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein); or 

(c2) one copy of the ICP34.5 gene is substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein), and the other copy of the 

ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein); 

preferably, the two copies of the ICP0 gene comprise the same loss-of-function 

mutation or different loss-of-function mutations; or are all deleted; or are substituted with 

the same exogenous nucleotide sequence or different exogenous nucleotide sequences; 

preferably, the two copies of the ICP34.5 gene comprise the same loss-of-function 
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mutation or different loss-of-function mutations; or are all deleted; or are substituted with 

the same exogenous nucleotide sequence or different exogenous nucleotide sequences; 

preferably, in the genome of the recombinant HSV virus, 

(1) the two copies of the ICP0 genes each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases), and, the two 

copies of the ICP34.5 gene each independently comprises a loss-of-function mutation (e.g., 

addition, deletion, and/or substitution of one or more bases); or 

(2) the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases), and, the two 

copies of the ICP34.5 gene are deleted; or 

(3) the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases), and, the two 

copies of the ICP34.5 gene each is independently substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein); or 

(4) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene each independently comprises a loss-of-function mutation (e.g., addition, deletion, 

and/or substitution of one or more bases) ); or 

(5) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene are deleted; or 

(6) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene each is independently substituted with an exogenous nucleotide sequence (e.g, a 

nucleotide sequence encoding a foreign protein) ); or 

(7) the two copies of the ICP0 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein), 

and, the two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases); or 

(8) the two copies of the ICP0 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein), 

and, the two copies of the ICP34.5 gene are deleted; or 

(9) the two copies of the ICP0 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein), 

and, the two copies of the ICP34.5 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein); 

preferably, in the genome of the recombinant HSV virus, 

(1) the first copy of the ICP0 gene comprises a first loss-of-function mutation, the 

second copy of the ICP0 gene comprises a second loss-of-function mutation; and, the first 

copy of the ICP34.5 gene comprises a third loss-of-function mutation, the second copy of 

the ICP34.5 gene comprises a fourth loss-of-function mutation; or 

(2) the first copy of the ICP0 gene comprises a first loss-of-function mutation, the 

second copy of the ICP0 gene comprises a second loss-of-function mutation; and, the two 

copies of the ICP34.5 gene are deleted; or 

(3) the first copy of the ICP0 gene comprises a first loss-of-function mutation, the 

second copy of the ICP0 gene comprises a second loss-of-function mutation; and, the first 

copy of the ICP34.5 gene is substituted with a third exogenous nucleotide sequence, the 

second copy of the ICP34.5 gene is substituted with a fourth exogenous nucleotide 

sequence; or 

(4) the two copies of the ICP0 gene are deleted; and, the first copy of the ICP34.5 gene 

comprises a third loss-of-function mutation, and the second copy of the ICP34.5 gene 

comprises a fourth loss-of-function mutation; or 

(5) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene are deleted; for example, the genome of the recombinant HSV virus has deletion of a 

base sequence of nt510 to nt5439 and a base sequence of nt120802 to nt125731 of the 
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wild-type HSV-1 virus genome; or 

(6) the two copies of the ICP0 gene are deleted; and, the first copy of the ICP34.5 gene 

is substituted with a third exogenous nucleotide sequence, and the second copy of the 

ICP34.5 gene is substituted with a fourth exogenous nucleotide sequence; or 

(7) the first copy of the ICP0 gene is substituted with a first exogenous nucleotide 

sequence, the second copy of the ICP0 gene is substituted with a second exogenous 

nucleotide sequence; and, the first copy of the ICP34.5 gene comprises a third 

loss-of-function mutation, the second copy of the ICP34.5 gene comprises a fourth 

loss-of-function mutation; or 

(8) the first copy of the ICP0 gene is substituted with a first exogenous nucleotide 

sequence, and the second copy of the ICP0 gene is substituted with a second exogenous 

nucleotide sequence; and, the two copies of ICP34. 5 genes are deleted; or 

(9) the first copy of the ICP0 gene is substituted with a first exogenous nucleotide 

sequence, the second copy of the ICP0 gene is substituted with a second exogenous 

nucleotide sequence; and, the first copy of the ICP34.5 gene is substituted with a third 

exogenous nucleotide sequence, and the second copy of the ICP34.5 gene is substituted 

with a fourth exogenous nucleotide sequence. 

 

3. The recombinant HSV virus according to Claim 2, wherein 

the first loss-of-function mutation, the second loss-of-function mutation, the third 

loss-of-function mutation, and the fourth loss-of-function mutation each is independently 

selected from the group consisting of: missense mutation, nonsense mutation, frameshift 

mutation, base deletion, base substitution, base addition, and any combination thereof (e.g., 

deletion or substitution or addition of a gene fragment); and/or, 

the first exogenous nucleotide sequence, the second exogenous nucleotide sequence, 

the third exogenous nucleotide sequence, and the fourth exogenous nucleotide sequence 

each independently encodes a foreign protein selected from the group consisting of: 

fluorescent protein, immunomodulatory polypeptide, cytokine, chemokine, antibody, and 

cytotoxic peptide; 

preferably, the fluorescent protein is selected from the group consisting of green 

fluorescent protein (e.g., a green fluorescent protein having an amino acid sequence set 

forth in SEQ ID NO: 7), red fluorescent protein, blue fluorescent protein, yellow 

fluorescent protein, and any combination thereof; 

preferably, the immunomodulatory polypeptide is selected from the group consisting 

of CD40L, OX40L, inducible costimulatory molecule (ICOS), FTL3L, LIGHT, CD137L, 

CD70, 4-1BB, GITR, CD28, and any combination thereof; 

preferably, the cytokine is selected from the group consisting of interleukin (e.g., IL-2, 

IL-12, and IL-15), interferon (e.g., IFNα, IFNβ, IFNγ), tumor necrosis factor (e.g., TNFα), 

colony stimulating factor (e.g., GM-CSF), and any combination thereof; 

preferably, the chemokine is selected from the group consisting of CCL2, RANTES, 

CCL7, CCL9, CCL10, CCL12, CCL15, CCL19, CCL21, CCL20, XCL-1, and any 

combination thereof; 

preferably, the cytotoxic peptide is selected from the group consisting of thymidine 

kinase TK (TK/GCV), TRAIL, FasL, and any combination thereof; 

preferably, the antibody is selected from the group consisting of anti-PD-1 antibody, 

anti-PD-L1 antibody, anti-TIGIT antibody, anti-BTLA antibody, anti-CTLA-4 antibody, 

anti-Tim-3 antibody, anti-Lag-3 antibody, anti-CD137 antibody, anti-OX40 antibody, 

anti-GITR antibody, anti-CD73 antibody, anti-KIR antibody, anti-ICOS antibody, 

anti-CSF1R antibody, anti-EGFR antibody, anti-VEGFR antibody, anti-HER2 antibody, 

anti-PDGFR antibody, and any combination thereof. 

 

4. The recombinant HSV virus according to any one of Claims 1 to 3, wherein the 
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genome of the recombinant HSV virus comprises a UL43 gene capable of expressing a 

functional UL43 protein, and a UL41 gene (i.e., a vhs gene) capable of expressing a 

functional UL41 protein, and/or, a UL48 gene (i.e., a VMW65 gene) capable of expressing 

a functional UL48 protein; 

preferably, the recombinant HSV virus further has one or more of the following 

characteristics selected from the group consisting of: 

(1) one or more non-essential genes are deleted or mutated (e.g., comprising a 

loss-of-function mutation, or being substituted with an exogenous nucleotide sequence); 

preferably, the non-essential gene is selected from the group consisting of UL3 gene, UL4 

gene, UL14 gene, UL16 gene, UL21 gene, UL24 gene, UL31 gene, UL32 gene, US3 gene, 

UL51 gene, UL55 gene, UL56 gene, US2 gene, US12 gene (i.e., ICP47 gene), LAT gene, 

nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1, and any combination 

thereof; preferably, one or more of the UL55 gene, the US2 gene, the LAT gene, and the 

nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1 are deleted or mutated 

(e.g., comprise a loss-of-function mutation, or are substituted with an exogenous nucleotide 

sequence); 

(2) an essential gene of the recombinant HSV virus is not deleted, and does not contain 

a loss-of-function mutation; preferably, a native promoter of one or more essential genes 

(e.g., ICP27 gene, ICP4 gene, VP5 gene, gL gene, gH gene, gD gene, gK gene, gB gene, gN 

gene, UL5 gene, UL6 gene, UL8 gene, UL9 gene, UL12 gene, UL25 gene, UL26 gene, 

UL28 gene, UL29 gene, UL30 gene, UL33 gene, UL36 gene, UL38 gene, UL42 gene, 

UL48 gene and/or UL52 gene) is substituted with a tumor-specific promoter, such as a 

promoter of hTERT; and 

(3) except for the two copies of the ICP0 gene and the two copies of the ICP34.5 gene, 

the genome of the recombinant HSV virus comprises all other genes of the wild-type HSV 

virus, and none of the other genes comprises a loss-of-function mutation; preferably, the 

genome of the recombinant HSV virus further comprises a modification in which a native 

promoter of one or more HSV genes is substituted with a tumor-specific promoter, such as 

a promoter of hTERT; preferably, the HSV gene is selected from VP5 gene, ICP27 gene 

and ICP4 gene; 

preferably, the genome of the recombinant HSV virus further comprises one or more 

modifications selected from the group consisting of: 

(1) substitution of a native promoter of the VP5 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(2) substitution of a native promoter of the ICP27 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(3) substitution of a native promoter of the ICP4 gene with a tumor-specific promoter, 

such as a hTERT promoter; and 

(4) deletion or mutation of one or more of the UL55 gene, the US2 gene, the LAT gene, 

and the nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1 (e.g., 

comprising a loss-of-function mutation, or being substituted with an exogenous nucleotide 

sequence); 

preferably, the hTERT promoter has the sequence set forth in SEQ ID NO: 5. 

 

5. The recombinant HSV virus according to any one of Claims 1 to 4, wherein the 

recombinant HSV virus further comprises a fifth exogenous nucleotide sequence; 

preferably, the fifth exogenous nucleotide sequence encodes a foreign protein selected 

from the group consisting of fluorescent protein, immunomodulatory polypeptide, cytokine, 

chemokine, antibody, and cytotoxic peptide. 

 

6. A viral vector, comprising the genome of the recombinant HSV virus according to 

any one of Claims 1-5 or consisting of the genome of the recombinant HSV virus according 



 

   50

IEC160114PCT 

to any one of Claims 1-5. 

 

7. A viral vector, comprising or consisting of a mutated HSV genome; wherein the 

mutated HSV genome does not express a functional ICP0 protein and a functional ICP34.5 

protein, but is capable of expressing a functional UL43 protein, a functional UL41 protein 

(i.e., a vhs protein), a functional UL48 protein (i.e., a VMW65 protein), or any combination 

thereof; 

preferably, the mutated HSV genome is derived from a genome of an HSV-1 virus, an 

HSV-2 virus, or an HSV-1/HSV-2 chimeric virus; 

preferably, the mutated HSV genome is derived from a genome of an HSV-1 strain 

KOS; 

preferably, the mutated HSV genome is derived from a genome as set forth in 

GenBank: JQ673480.1. 

 

8. The viral vector according to Claim 7, wherein the mutated HSV genome comprises 

the following modifications: 

two copies of the ICP0 gene each independently comprises a loss-of-function mutation 

(e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); and 

two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases) or is deleted or 

substituted with an exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a 

foreign protein); 

for example, in the mutated HSV genome, 

(a1) one copy of the ICP0 gene comprises a loss-of-function mutation (e.g., addition, 

deletion, and/or substitution of one or more bases), and the other copy of the ICP0 gene 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein); or 

(b1) one copy of the ICP0 gene is deleted, and the other copy of the ICP0 gene 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein); or 

(c1) one copy of the ICP0 gene is substituted with an exogenous nucleotide sequence 

(e.g., a nucleotide sequence encoding a foreign protein), and the other copy of the ICP0 

gene comprises a loss-of-function mutation (e.g., addition, deletion and/or substitution of 

one or more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., 

a nucleotide sequence encoding a foreign protein); and 

(a2) one copy of the ICP34.5 gene comprises a loss-of-function mutation (e.g., 

addition, deletion, and/or substitution of one or more bases), and the other copy of the 

ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein); or 

(b2) one copy of the ICP34.5 gene is deleted, and the other copy of the ICP34.5 gene 

comprises a loss-of-function mutation (e.g., addition, deletion, and/or substitution of one or 

more bases) or is deleted or substituted with an exogenous nucleotide sequence (e.g., a 

nucleotide sequence encoding a foreign protein); or 

(c2) one copy of the ICP34.5 gene is substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein), and the other copy of the 

ICP34.5 gene comprises a loss-of-function mutation (e.g., addition, deletion and/or 

substitution of one or more bases) or is deleted or substituted with an exogenous nucleotide 
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sequence (e.g., a nucleotide sequence encoding a foreign protein); 

preferably, the two copies of the ICP0 gene comprise the same loss-of-function 

mutation or different loss-of-function mutations; or are all deleted; or are substituted with 

the same exogenous nucleotide sequence or different exogenous nucleotide sequences; 

preferably, the two copies of the ICP34.5 gene comprise the same loss-of-function 

mutation or different loss-of-function mutations; or are all deleted; or are substituted with 

the same exogenous nucleotide sequence or different exogenous nucleotide sequences; 

preferably, in the mutated HSV genome, 

(1) the two copies of the ICP0 genes each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases), and, the two 

copies of the ICP34.5 gene each independently comprises a loss-of-function mutation (e.g., 

addition, deletion, and/or substitution of one or more bases); or 

(2) the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases), and, the two 

copies of the ICP34.5 gene are deleted; or 

(3) the two copies of the ICP0 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases), and, the two 

copies of the ICP34.5 gene each is independently substituted with an exogenous nucleotide 

sequence (e.g., a nucleotide sequence encoding a foreign protein); or 

(4) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene each independently comprises a loss-of-function mutation (e.g., addition, deletion, 

and/or substitution of one or more bases) ); or 

(5) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene are deleted; or 

(6) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene each is independently substituted with an exogenous nucleotide sequence (e.g, a 

nucleotide sequence encoding a foreign protein) ); or 

(7) the two copies of the ICP0 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein), 

and, the two copies of the ICP34.5 gene each independently comprises a loss-of-function 

mutation (e.g., addition, deletion, and/or substitution of one or more bases); or 

(8) the two copies of the ICP0 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein), 

and, the two copies of the ICP34.5 gene are deleted; or 

(9) the two copies of the ICP0 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein), 

and, the two copies of the ICP34.5 gene each is independently substituted with an 

exogenous nucleotide sequence (e.g., a nucleotide sequence encoding a foreign protein); 

preferably, in the mutated HSV genome, 

(1) the first copy of the ICP0 gene comprises a first loss-of-function mutation, the 

second copy of the ICP0 gene comprises a second loss-of-function mutation; and, the first 

copy of the ICP34.5 gene comprises a third loss-of-function mutation, the second copy of 

the ICP34.5 gene comprises a fourth loss-of-function mutation; or 

(2) the first copy of the ICP0 gene comprises a first loss-of-function mutation, the 

second copy of the ICP0 gene comprises a second loss-of-function mutation; and, the two 

copies of the ICP34.5 gene are deleted; or 

(3) the first copy of the ICP0 gene comprises a first loss-of-function mutation, the 

second copy of the ICP0 gene comprises a second loss-of-function mutation; and, the first 

copy of the ICP34.5 gene is substituted with a third exogenous nucleotide sequence, the 

second copy of the ICP34.5 gene is substituted with a fourth exogenous nucleotide 

sequence; or 

(4) the two copies of the ICP0 gene are deleted; and, the first copy of the ICP34.5 gene 
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comprises a third loss-of-function mutation, and the second copy of the ICP34.5 gene 

comprises a fourth loss-of-function mutation; or 

(5) the two copies of the ICP0 gene are deleted; and, the two copies of the ICP34.5 

gene are deleted; for example, the genome of the recombinant HSV virus has deletion of a 

base sequence of nt510 to nt5439 and a base sequence of nt120802 to nt125731 of the 

wild-type HSV-1 virus genome; or 

(6) the two copies of the ICP0 gene are deleted; and, the first copy of the ICP34.5 gene 

is substituted with a third exogenous nucleotide sequence, and the second copy of the 

ICP34.5 gene is substituted with a fourth exogenous nucleotide sequence; or 

(7) the first copy of the ICP0 gene is substituted with a first exogenous nucleotide 

sequence, the second copy of the ICP0 gene is substituted with a second exogenous 

nucleotide sequence; and, the first copy of the ICP34.5 gene comprises a third 

loss-of-function mutation, the second copy of the ICP34.5 gene comprises a fourth 

loss-of-function mutation; or 

(8) the first copy of the ICP0 gene is substituted with a first exogenous nucleotide 

sequence, and the second copy of the ICP0 gene is substituted with a second exogenous 

nucleotide sequence; and, the two copies of ICP34. 5 genes are deleted; or 

(9) the first copy of the ICP0 gene is substituted with a first exogenous nucleotide 

sequence, the second copy of the ICP0 gene is substituted with a second exogenous 

nucleotide sequence; and, the first copy of the ICP34.5 gene is substituted with a third 

exogenous nucleotide sequence, and the second copy of the ICP34.5 gene is substituted 

with a fourth exogenous nucleotide sequence. 

 

9. The viral vector according to Claim 8, wherein 

the first loss-of-function mutation, the second loss-of-function mutation, the third 

loss-of-function mutation, and the fourth loss-of-function mutation each is independently 

selected from missense mutation, nonsense mutation, frameshift mutation, base deletion, 

base substitution, base addition, and any combination thereof (e.g., deletion or substitution 

or addition of a gene fragment); and/or, 

the first exogenous nucleotide sequence, the second exogenous nucleotide sequence, 

the third exogenous nucleotide sequence, and the fourth exogenous nucleotide sequence 

each independently encodes a foreign protein selected from the group consisting of: 

fluorescent protein, immunomodulatory polypeptide, cytokine, chemokine, antibody, and 

cytotoxic peptide; 

preferably, the fluorescent protein is selected from the group consisting of green 

fluorescent protein (e.g., a green fluorescent protein having the amino acid sequence as set 

forth in SEQ ID NO: 7), red fluorescent protein, blue fluorescent protein, yellow 

fluorescent protein, and any combination thereof; 

preferably, the immunomodulatory polypeptide is selected from the group consisting 

of CD40L, OX40L, inducible costimulatory molecule (ICOS), FTL3L, LIGHT, CD137L, 

CD70, 4-1BB, GITR, CD28, and any combination thereof; 

preferably, the cytokine is selected from the group consisting of interleukin (e.g., IL-2, 

IL-12, and IL-15), interferon (e.g., IFNα, IFNβ, IFNγ), tumor necrosis factor (e.g., TNFα), 

colony stimulating factor (e.g., GM-CSF), and any combination thereof; 

preferably, the chemokine is selected from the group consisting of CCL2, RANTES, 

CCL7, CCL9, CCL10, CCL12, CCL15, CCL19, CCL21, CCL20, XCL-1, and any 

combination thereof; 

preferably, the cytotoxic peptide is selected from the group consisting of thymidine 

kinase TK (TK/GCV), TRAIL, FasL, and any combination thereof; 

preferably, the antibody is selected from the group consisting of anti-PD-1 antibody, 

anti-PD-L1 antibody, anti-TIGIT antibody, anti-BTLA antibody, anti-CTLA-4 antibody, 

anti-Tim-3 antibody, anti-Lag-3 antibody, anti-CD137 antibody, anti-OX40 antibody, 
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anti-GITR antibody, anti-CD73 antibody, anti-KIR antibody, anti-ICOS antibody, 

anti-CSF1R antibody, anti-EGFR antibody, anti-VEGFR antibody, anti-HER2 antibody, 

anti-PDGFR antibody, and any combination thereof. 

 

10. The viral vector according to any one of Claims 7-9, wherein the mutated HSV 

genome comprises a UL43 gene capable of expressing a functional UL43 protein, a UL41 

gene capable of expressing a functional UL41 protein (i.e., a vhs gene), and/or a UL48 gene 

capable of expressing a functional UL48 protein (i.e., a VMW65 gene); 

preferably, the mutated HSV genome further has one or more characteristics selected 

from the group consisting of: 

(1) one or more non-essential genes are deleted or mutated (e.g., comprise a 

loss-of-function mutation, or are substituted with an exogenous nucleotide sequence); 

preferably, the non-essential gene is selected from UL3 gene, UL4 gene, UL14 gene, UL16 

gene, UL21 gene, UL24 gene, UL31 gene, UL32 gene, US3 gene, UL51 gene, UL55 gene, 

UL56 gene, US2 gene, US12 gene (i.e., ICP47 gene), LAT gene, nucleotide fragment 

corresponding to nt5853-nt7485 of JQ673480.1, and any combination thereof; preferably, 

one or more of the UL55 gene, the US2 gene, the LAT gene, and the nucleotide fragment 

corresponding to nt5853-nt7485 of JQ673480.1 are deleted or mutated (e.g., comprise a 

loss-of-function mutation, or are substituted with an exogenous nucleotide sequence); 

(2) an essential gene in the mutated HSV genome is not deleted and does not comprise 

a loss-of-function mutation; preferably, a native promoter of one or more essential genes 

(e.g., ICP27 gene, ICP4 gene, VP5 gene, gL gene, gH gene, gD gene, gK gene, gB gene, gN 

gene, UL5 gene, UL6 gene, UL8 gene, UL9 gene, UL12 gene, UL25 gene, UL26 gene, 

UL28 gene, UL29 gene, UL30 gene, UL33 gene, UL36 gene, UL38 gene, UL42 gene, 

UL48 gene and/or UL52 gene) is substituted with a tumor-specific promoter, such as a 

promoter of hTERT; and 

(3) except for the two copies of the ICP0 gene and the two copies of the ICP34.5 gene, 

the mutated HSV genome comprises all other genes of the wild-type HSV virus, and none 

of the other genes comprises a loss-of-function mutation; preferably, the mutated HSV 

genome further comprises a modification in which a native promoter of one or more HSV 

genes is substituted with a tumor-specific promoter, such as a promoter of hTERT; 

preferably, the HSV gene is selected from VP5 gene, ICP27 gene and ICP4 gene; 

preferably, the mutated HSV genome further comprises one or more modifications 

selected from the group consisting of: 

(1) substitution of a native promoter of the VP5 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(2) substitution of a native promoter of the ICP27 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(3) substitution of a native promoter of the ICP4 gene with a tumor-specific promoter, 

such as a promoter of hTERT; 

(4) deletion or mutation of one or more of the UL55 gene, the US2 gene, the LAT gene, 

and the nucleotide fragment corresponding to nt5853-nt7485 of JQ673480.1 (e.g., 

comprising a loss-of-function mutation, or being substituted with an exogenous nucleotide 

sequence); 

preferably, the promoter of hTERT has a sequence as set forth in SEQ ID NO: 5. 

 

11. The viral vector according to any one of Claims 7 to 10, wherein the mutated HSV 

genome further comprises a fifth exogenous nucleotide sequence; 

preferably, the fifth exogenous nucleotide sequence encodes a foreign protein selected 

from the group consisting of fluorescent protein, immunomodulatory polypeptide, cytokine, 

chemokine, antibody, and cytotoxic peptide. 
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12. A host cell, which is infected with the recombinant HSV virus according to any 

one of Claims 1-5, or comprises a genome of the recombinant HSV virus according to any 

one of Claims 1-5, or is transfected with the viral vector according to any one of Claims 

6-11; 

preferably, the cell is a tumor cell selected from the group consisting of lung cancer 

cell, liver cancer cell, breast cancer cell, osteosarcoma cell, ovarian cancer cell, cervical 

cancer cell, prostate cancer cell, glioma cell, melanoma cell, colorectal cancer cell, and 

pancreatic cancer cell. 

 

13. A method of obtaining the recombinant HSV virus according to any one of Claims 

1 to 5, comprising: 

(1) cultivating a host cell according to Claim 12; 

(2) collecting and lysing the host cell after the host cell has undergone a lesion to 

obtain a lysate of the host cell; 

(3) recovering the recombinant HSV virus from the lysate. 

 

14. A pharmaceutical composition, which comprises the recombinant HSV virus 

according to any one of Claims 1 to 5, or a genome of the recombinant HSV virus 

according to any one of Claims 1 to 5, or the viral vector according to any one of Claims 6 

to 11, and a pharmaceutically acceptable carrier or excipient; 

preferably, the pharmaceutical composition is used for treating a tumor, for example, a 

lung cancer, a liver cancer, a breast cancer, an osteosarcoma, an ovarian cancer, a prostate 

cancer, a glioma, a melanoma, a colorectal cancer, and a pancreatic cancer; 

preferably, the pharmaceutical composition is an injectable solution or a lyophilized 

powder; 

preferably, the pharmaceutical composition comprises a therapeutically effective 

amount (e.g., an amount therapeutically effective for treating a tumor) of the recombinant 

HSV virus or the genome of the recombinant HSV virus or the viral vector; 

preferably, the pharmaceutical composition is present in an unit dose form; for 

example, 10
2
-10

9
 pfu of the recombinant HSV virus is contained in per unit dose of the 

pharmaceutical composition. 

 

15. A method of treating a tumor, which comprises administering to a subject in need 

thereof a therapeutically effective amount of the recombinant HSV virus according to any 

one of Claims 1-5, or the viral vector according to any one of Claims 6-11, or the 

pharmaceutical composition according to Claim 14; 

preferably, the tumor is selected from the group consisting of lung cancer, liver cancer, 

breast cancer, osteosarcoma, ovarian cancer, prostate cancer, glioma, melanoma, colorectal 

cancer, and pancreatic cancer; 

preferably, the subject is a mammal, such as a human. 

 

16. A use of the recombinant HSV virus according to any one of Claims 1 to 5 or the 

viral vector according to any one of Claims 6 to 11 in manufacture of a pharmaceutical 

composition for treating a tumor in a subject; 

preferably, the tumor is selected from the group consisting of lung cancer, liver cancer, 

breast cancer, osteosarcoma, ovarian cancer, prostate cancer, glioma, melanoma, colorectal 

cancer, and pancreatic cancer; 

preferably, the subject is a mammal, such as a human. 

 


