
17 

Global Journal of Microbiology                               Jan. 14, 2021, Vol 2, No 1 

©Scholars Publishing, LLC                                     http://naturescholars.com                                                                                                                                   

                                                                                                                                                                                                                          

Global Journal of Microbiology 

2021; 2(1): 17-26. 

ISSN Online: 2766-9513; ISSN Print: 2766-9505 

Website: http://naturescholars.com 

Email: glo_j_mic@126.com 

Publisher: Scholars Publishing, LLC 

 

Review 

Research Progress of Reoviruses in The Treatment of Ovarian Cancer 
 

Jianhua Sun1, Cunjian Yi 1,✉ 

 

1Department of Obstetrics and Gynecology, Jingzhou No1 People's Hospital and First Affiliated Hospital of Yangtze 

University, Jingzhou, 434023, China. 

  

✉ Correspondence 

Cunjian Yi, Department of Obstetrics and Gynecology, The First Clinical Medical College of Yangtze University；
Jingzhou First People's Hospital, Jingzhou 434023, Hubei, China.Email:Cunjiany@163.com. Telephone number: 

13339738010. 

Received: October 31, 2020; Accepted: November 30, 2020; Published online: January 14, 2021. 

Cite this paper: Jianhua Sun, Cunjian Yi. (2021) Research progress of reoviruses in the treatment of ovarian cancer. 

Global Journal of Microbiology, 2(1):17-26. http://naturescholars.com/gjmic.020102. 

https://doi.org/10.46633/gjmic.020102. 

Copyright© 2021 by Scholars Publishing, LLC. 

 

Abstract  

Ovarian cancer is one of the most common malignant tumors in the female reproductive system. At 

present, the first choice of treatment is surgery, postoperative adjuvant chemotherapy and radiotherapy. 

However, advanced ovarian cancer is resistant to current chemotherapeutic drugs, so the treatment of advanced 

ovarian cancer is still facing great challenges, and there is an urgent need for new treatments. In recent years, 

with the development of therapeutic methods, oncolytic viruses have attracted more and more attention. 

Oncolytic viruses can self-replicate, target and replicate in tumor cells, selectively kill tumor cells and induce 

the body to produce specific anti-tumor immune response pathways to achieve targeted therapy purposes, and 

ultimately lead to tumor cell lysis and death. At present, the main ones discovered for clinical trials include 

reovirus, herpes simplex virus-1, adenovirus, vaccinia virus, Newcastle disease virus, measles virus and so on. 

Among them, in recent years, reoviruses have received more attention in the treatment of tumors. This article 

mainly reviews the research of oncolytic reoviruses in the treatment of ovarian cancer. 
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Introduction  

 

Ovarian cancer is the most lethal malignant tumor 

in the female reproductive system. It is reported that 

there are about 300000 new cases and 185000 deaths 

in the world every year (1). About 60% of ovarian 

cancer patients are diagnosed as advanced, missed 

the opportunity of surgery, and poor prognosis (2). 

With the progress of the times, the detection 

technology and treatment methods are constantly 

updated, but the mortality of advanced ovarian 

cancer cells caused by chemotherapy resistance and 

other factors is increasing year by year. 

Chemotherapy drugs are the main challenge in 

the treatment of ovarian cancer, but the effect is not 

ideal due to the drug resistance of tumor cells. The 
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standard first-line treatment for patients with ovarian 

cancer is surgery and radiotherapy combined with 

platinum and paclitaxel. Although most advanced 

patients will have remission after standard treatment, 

most patients will still relapse in a few months or 

years (3). Oncolytic virus refers to the natural or 

genetically recombined virus, selectively infects 

cancer cells, kills and lyses cancer cells through the 

replication of the virus itself, releases the virus and 

continues to invade cancer cells to play a role. The 

tumor antigen released by cancer cell lysis can also 

cause immune response, which can guide the 

immune system to attack the cancer cells and even 

the distal lesions. Oncolytic virus has the advantages 

of high killing efficiency, good targeting, small 

adverse reactions and avoiding drug resistance (4). 

 Reovirus is a pioneer in oncolytic virus (OV) 

field. At present, phase I, II and III clinical trials are 

being carried out internationally, and it has been 

proved to be effective in the treatment of breast 

cancer, brain cancer, lymphoma and ovarian cancer 

(5). As a potential new cancer therapy, oncolysis and 

induction of anti-tumor immune effect are the two 

mechanisms of reovirus in the treatment of cancer. 

At the same time, the combination of traditional 

treatment methods has become a new research 

hotspot. In this paper, the correlation of reovirus in 

the treatment of ovarian cancer is reviewed, and it 

may provide theoretical guidance for further 

preclinical trials. 

 

1. Characteristics of reovirus and its oncolytic 

mechanism 

Reovirus is a kind of nonpathogenic double 

stranded RNA virus, which exists in human 

respiratory tract and gastrointestinal tract (6). 

Reovirus belongs to the genus of reovirus in the 

family Reoviridae. The gene fragment consists of 10 

dsRNA fragments, encoding 8 structural proteins 

and 4 nonstructural proteins (7). The diameter of 

reovirus is 80 nm and the length of gene is about 24 

Kb (8). As a natural oncolytic virus, reovirus has the 

characteristics of replication and cleavage in tumor 

cells, resulting in multiple mutations of genes in 

abnormal signal transduction pathway during the 

occurrence and development of tumor. Therefore, 

reovirus can preferentially replicate in tumor cells by 

using this abnormal cell signal transduction (9) 

(Figure 1). In the cell lines transfected with 

epidermal growth factor receptor (EGFR) gene, the 

sensitivity of reovirus infection and viral peptide 

synthesis was significantly increased (10). Ras 

signaling pathway is a key regulator of eukaryotic 

cell growth and proliferation (8). About 30% of 

human cancers are related to the activation of Ras 

mutation. Ras protein is an important element in 

regulating cell proliferation signal pathway. If the 

protein is continuously activated, it can lead to 

abnormal cell proliferation, which leads to tumor 

occurrence (11). In transformed cells and tumor cells, 

EGFR induces Ras phosphorylation and activation 

through coding receptors erb2 and SOS. The 

activated Ras inhibits the activity of protein kinase 

(PKR), resulting in increased sensitivity to reovirus 

replication (12, 13). In nontransformed cells, the 

invasion of reovirus can lead to the activation of 

double stranded RNA dependent protein kinase 

(PKR), which further phosphorylates eIF2 α (eIF2 α) 

in eukaryotic cells, thus hindering virus replication. 

Therefore, reovirus can only proliferate in a few or 

no normal cells. (Figure 2) 

Reovirus can induce the death of tumor cells 

through different anti-tumor mechanisms. First, 

reovirus has direct oncolytic effect in tumor 

treatment. In addition, after the tumor cells are 

ruptured by reovirus, the release of antigen in tumor 

cells leads to specific immune response. Secondly，

reovirus can also promote the secretion of a large 

number of inflammatory factors and chemokines, 

leading to a series of immune response (14). For 

example, reovirus can stimulate the activation of NK 

cells in peripheral blood of metastatic rectal cancer, 

thus enhancing the body's anti-tumor immune 

response (15). At the same time, it can induce 

autophagy and promote the infection of host cells by 

reovirus (16). Thirukkumaran et al had reported the 

signal pathway of virus therapy for breast cancer and 
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found that the gene expression profile of htb133 and 

MCF7 breast cancer cells treated by reovirus shows 

that the members of nuclear factor kappa B (NF-κB) 

family are significant, which is the first time to prove 

that reovirus can play a role in the treatment of breast 

cancer through NF-κB signal pathway (17). 

 

2. Reovirus therapy for ovarian cancer 

 

2.1 Reovirus monotherapy 

The phase I clinical trial using reovirus is an 

internal single therapy for 18 patients with advanced 

solid tumors, including soft tissue sarcoma, 

melanoma, breast cancer and head and neck tumors 

(18). However, Thirukkumaran and others used 

reovirus for the first time in the treatment of prostate 

cancer with safety and good tolerance (19). Reovirus 

as a single drug treatment method for tumor, a single 

intratumoral injection of reovirus can lead to the 

regression of human U87 glioblastoma (20). In 

addition, for mouse models with Ras activity, 

multiple injections of reovirus can eliminate 65% of 

the tumor (20). More than 20% of ovarian cancer is 

associated with Ras activation (21). However, 

activated Ras is not a necessary condition for the 

effective effect of reovirus in the treatment of tumors. 

It has been reported that the activation of effective 

regulatory factors of Ras signaling pathway can also 

lead to the antitumor effect of reovirus (22). There is 

47% of ovarian adenocarcinoma peritoneal fluid 

samples carried a point mutation at codon 12 of K-

Ras gene (23). Hwang et al had reported that Ras 

could regulate the occurrence and development of 

ovarian cancer through other signaling pathways. 

Ras MMPs is related to biological activities such as 

proliferation and migration of ovarian cells. Ras 

protein mediates Raf-MEK1/2-ERK1/2 signaling 

pathway to induce cell death and promote 

metabolism (24).

 

Figure 1 Infection process of reovirus on normal and tumor cells. 

 

It is known that in ovarian tumor cells, EGFR is 

highly expressed in ovarian cancer (25), and EGFR 

can regulate and induce the activation of RAS, and the 

activated Ras can inhibit the activation of PKR, thus 

reovirus can successfully replicate and proliferate 

tumor cells, and achieve the oncolytic effect in tumor 

cells. Hirasawa et al (21) carried out in vivo and in 

vitro experiments on reovirus in female mice and 

human ovarian cancer tissue in vitro. When 

reovirus was directly inoculated into ovarian tumor 

of mice, the tumor volume was significantly 

reduced, and the samples in vitro were also found 

to be susceptible to reovirus infection. At the same 

time, intraperitoneal injection of live virus every 2 
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weeks can prolong the survival period (21). Moreover, 

in the ascites model of human ovarian cancer mice, 

reovirus has a therapeutic effect of 90% on ovarian 

tumors with extensive intra-abdominal metastasis 

(21). 

 

2.2 Reovirus combined with radiotherapy 

In clinical application, it is found that the effect 

of reovirus alone is limited. The data of phase II 

clinical trial prove that reovirus combined with other 

anti-tumor therapy may improve or enhance the 

efficacy and prognosis of patients (5). Radiotherapy is 

one of the therapeutic methods for various types of 

tumors, but some tumors are tolerant to radiotherapy; 

overexpression of EGFR, activation of Ras and 

phosphorylation of Akt are all related to radiation 

tolerance (26-28). Radiation can cause single or 

double strand breaks of DNA (29). However, for 

oncolytic viruses, isolation of DNA damage proteins 

and inhibition of DNA repair mechanism play a 

synergistic role in radiotherapy (30). Ovarian cancer 

is a kind of radiosensitive malignant tumor (31). 

Radiotherapy is generally used for patients with 

ovarian cancer who relapse repeatedly or fail to 

achieve satisfactory tumor reduction surgery, which is 

called palliative treatment in foreign countries (32, 

33). Several studies have shown that radiotherapy can 

increase the sensitivity of tumor cells to reovirus and 

promote the replication function of the virus. 

Compared with single therapy, combined therapy has 

better synergistic effect and can increase the apoptosis 

of tumor cells(28, 34). Phase I and phase II clinical 

trials combined treatment of advanced solid tumor 

effect is obvious, phase I first combined treatment 

proved the safety of both, while the remission is 

related to the radiation dose. Phase II combined 

therapy uses low-dose segmented treatment and 

obtains exciting data. At present, there are few 

reports about reovirus combined with radiotherapy 

in the treatment of ovarian cancer, which needs 

multidisciplinary cooperation and joint efforts. 

 

2.3 Reovirus combined with chemotherapy  

At present, the treatment of ovarian cancer is 

surgical resection combined with platinum 

chemotherapy, but most patients will still relapse 

(35). Platinum compounds are DNA destroying 

substances, and proliferating cancer cells are more 

likely to be damaged by these platinum compounds 

(36). For patients with recurrent diseases, 

retreatment with paclitaxel once a week showed 

activity, possibly through anti-angiogenesis and 

direct cytotoxicity mechanisms (37). Combined use 

of reovirus and cyclophosphamide can reduce the 

titer of neutralizing antibody and related toxicity in 

mouse melanoma; however, combined use with 

cisplatin can significantly inhibit the growth of 

tumor without affecting the neutralization antibody 

reaction. At the same time, cisplatin can also reduce 

the response of inflammatory cytokines to reovirus 

(38, 39). However, when used in combination with 

weekly paclitaxel patients, paclitaxel may affect the 

replication of reovirus in ovarian cancer, which 

does not improve PFS and other prognostic 

indicators of patients in this study group (40). Since 

studies have confirmed that reovirus is cytotoxic 

under hypoxia (41), weekly use of paclitaxel 

(proven to target proliferating endothelial cells (42)) 

may help reverse the hypoxia phenotype. Thereby, 

reduces the replication of reovirus in ovarian cancer.

Reovirus combined with docetaxel can enhance cell 

apoptosis, and significantly inhibit the growth of 

ovarian tumor cells and virus replication (43). 

Reovirus and gemitalabine were combined in 

ovarian cancer cells implanted in mice to down-

regulation of pre-mDSC factors and promote tumor-

specific T cell response by inhibiting marrow 

derived inhibitory cells (MDSCs), resulting in 

increased survival rate and delayed peritoneal cancer 

(44). It was theorized that reovirus and gemitalabine 

combined to achieve clinical synergetic effect in 

ovarian cancer treatment.  

 

2.4 Reovirus combined with immunosuppressive 

therapy 

Studies have reported that viral infection in tumors 

may activate the immune system and produce 

specific anti-tumor reactions (45). Tumor immune
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Figure 2. Effect of Ras transformation on reovirus oncolysis

response induced by reovirus: 1) induce the release of 

many proinflammatory mediators; 2) inhibit the 

release of immunosuppressant IL-10 and increase the 

activation of dendritic cells (DC), and recruit effectors 

from innate immunity and adaptive immunity, 

including cytotoxic CD8+T lymphocytes (CTL) and 

NK cells, to promote the lethality of tumor cells (46-

48). Reovirus therapy can stimulate pro-inflammatory 

response, enhance tumor antigen presentation, expose 

tumor antigen, provide opportunities for dendritic 

cells and CTLs, and then start tumor specific T cells 

in vivo and in vitro, and start anti-tumor immunity 

independent of reovirus (47, 49). Reovirus can 

stimulate the generation of anti-tumor immune 

response, which can promote the anti-tumor 

immune response of T cells by inhibiting the 

recruitment of myeloid suppressive cells into the 

tumor microenvironment, and promoting the anti-

tumor immune response of T cells (44), which can 

also promote the effect of anti-tumor treatment of 

reovirus to a certain extent. Zhao et al reported (8) 

that reovirus therapy can promote the secretion of a 

series of pro-inflammatory cytokines and 

chemokines. Immunosuppression is an alternative 

therapy that combines immunoregulation with 

reovirus as an 

anticancer treatment.

Preclinical studies have shown that PD-1 

blockers combined with reovirus have a good 

anticancer effect. Reovirus therapy combined with 

immunosuppressive drugs may improve the 

therapeutic effect of reovirus on metastatic tumors 

(21). It was reported (21) that reovirus injection 

combined with immunosuppressive agents showed 

tumor growth inhibition in ovarian tumors of mice, 

so it was speculated that reovirus combined with 

immunosuppressive agents had complementary 

effects. Immunoregulation of immunosuppressive 

agents such as cyclospore A and cyclophospamide 

also enhanced the anti-tumor effect of reovirus by 

weakening neutralizing antireovirus antibody 

(NARAs). This also revealed the protective effect of 

NARA response on the toxicity of reovirus system. 

Therefore, the immune response to reovirus is a 

double-edged sword, which can not only pose a 

major obstacle to the tumor seeding and anti-tumor 

effect of the virus, but also protect the severe toxicity 

of reovirus and promote anti-tumor cytotoxicity 
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through innate and adaptive responses and promote 

the anti-tumor cytotoxicity. 

 

Table 1. Mechanisms of oncolytic reovirus combination therapy.

Disease Drug Role or 

function 

Mechanism  Ref. 

Ovarian 

cancer 

1. Reovirus 

2. Radiotherapy 

3. Chemotherapy 

4. Immunotherapy 

Reovirus 

and the 

other two 

are used 

together to 

complemen

t each other 

1. In normal cells, viral dsRNA is recognized by 

PKR, which triggers its own phosphorylation 

and activation. The activation of PKR 

phosphorylates eIF2, which results in 

inhibition of protein synthesis.  

2. In Ras transformed cells, the stripping of 

virus into cells was enhanced by high level of 

cathepsin. Ras inhibited PKR, promoted the 

synthesis of viral protein and impaired 

programmed cell death. Ras can also 

stimulate the growth and survival of tumor 

cells. Ras can also be activated by EGFR 

signaling pathway to enhance the oncolytic 

effect of reovirus. 

1.18-

25 

2.26-

34 

3.37-

44 

4.47-

49 

 

3. Summary 

Reovirus is a dsRNA virus that selectively 

replicates and lyses tumors in cancer cells. The 

oncolytic mechanism of reovirus is still unclear, but 

the Ras signal pathway transformed and activated by 

Ras is the keyway to test the sensitivity of reovirus 

replication. The current phase I / II clinical trials of 

reovirus in the treatment of metastatic ovarian cancer 

are phase I / II trials in which patients are resistant to 

cisplatin. As a single therapy, chemotherapy/ or 

radiotherapy and immunotherapy, reovirus therapy 

has achieved good results in the treatment of various 

types of tumors. However, reovirus infection is 

characterized by the sensitivity of tumor cells to 

chemotherapy and radiotherapy (8). It can also 

stimulate tumor cell-mediated immune response, and 

combined with immunosuppressants can enhance the 

therapeutic effect of reovirus (50). The oncolytic 

mechanism of   reovirus is complementary to the 

use of other drugs due to the different ways of 

inducing cancer cell death. Reovirus does not rely on 

the direct oncolytic and replication of the virus but 

provides further   anticancer potential by 

promoting anti-tumor immune-mediated response. 

It is characterized by stimulating the pro-

inflammatory cascade, activating dendritic cells 

(DCS), NK cells in the tumor microenvironment 

and recruitment of CTL to jointly promote 

cytotoxicity. Reovirus infection can also initiate 

adaptive tumor specific T cell response, which can 

provide further tumor immunity and protection 

against subsequent tumor challenges. In addition to 

the increased cytotoxicity of chemotherapy, some 

drugs can also enhance the spread of reovirus in 

tumor cells due to the reduced adverse reactions of 

gemcitabine, paclitaxel and platinum. In recent 

years, it has been found that oncolytic virus 

combined with photodynamic therapy and 

photothermal therapy has achieved good results in 

the treatment of hemangioma, pancreatic cancer, 

head and neck cancer and oral cancer (51, 52). In 

recent years, photodynamic therapy combined with 

ablation and radiotherapy has made progress in 
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ovarian cancer (53, 54). We hypothesized that if 

reovirus combined with photodynamic therapy is 

feasible for ovarian cancer? This requires researchers 

and clinical staff to work together to provide a new 

treatment for ovarian cancer. 
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