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Summary
Despite advanced therapeutic treatments, gynecologic malignancies such as cervical and ovarian cancers are still the top ten lead-

ing cause of cancer death among women in South Korea. Thus a novel and innovative approach is urgently needed. Naturally occur-
ring viruses are live, replication-proficient viruses that specifically infect human cancer cells while sparing normal cell counterparts.
Since the serendipitous discovery of the naturally oncotropic virus targeting gynecologic cancer in 1920s, various replicating viruses
have shown various degrees of safety and efficacy in preclinical or clinical applications for gynecologic cancer therapy. Cellular onco-
genes and tumor suppressor genes, which are frequently dysregulated in gynecologic malignancies, play an important role in deter-
mining viral oncotropism. Published articles describing replicating, oncolytic viruses for gynecologic cancers are thoroughly reviewed.
This review outlines the discovery of replication-proficient virus strains for targeting gynecologic malignancies, recent progresses
elucidating molecular connections between oncogene/tumor suppressor gene abnormalities and viral oncotropism, and the associated
preclinical/clinical implications. The authors would also like to propose future directions in the utility of the replicating viruses for
gynecologic cancer therapy. 
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Introduction

From 2008 to 2012, about 35,000 new cases of gyneco-

logic cancers, such as cervical, endometrial, and ovarian

cancers, were diagnosed in South Korea [1]. The most com-

mon malignancy of the female genital tract is cervical can-

cer. Although cervical carcinoma can be reliably detected

by both non-invasive methods and HPV typing even in

non-invasive stages and incidence rate is slightly reduced

recently, it remains the first most common type of malig-

nant tumors among Koreans, and patients with recurrent or

metastatic disease often have a poor prognosis and overall

survival has not significantly improved [2]. In fact, many

deaths also occur from ovarian cancer. Because of its vague

symptoms, many cases are diagnosed at late Stages III or

IV. Despite advanced surgical techniques and modern

chemotherapy, the mortality rate has not changed over the

last two decades [2]. Therefore, new innovative therapeu-

tics with a high safety and efficacy are urgently needed.

Oncolytic viruses are live replication-proficient viruses

that preferentially infect human cancer cells while sparing

normal cell counterparts. Thus replicating oncolytic

viruses are highly dependent on host cell physiology for

inherent performance as viral cancer-targeting agents.

Many naturally occurring viruses have shown a great po-

tential as cancer targeting agents exploiting various onco-

gene signalling pathways that are established by host can-

cer cells during tumorigenesis [3-5]. Because carcinogen-

esis is a multi-step process involving accumulation of not

only oncogene abnormalities but also tumor suppressor

gene abnormalities, we have recently discovered that cel-

lular tumor suppressor genes such as p53, ataxia telang-

iectasia mutated (ATM), and retinoblastoma associated

(RB) are also important in determining oncolytic viral tro-

pism including reovirus (a RNA virus) and poxvirus (a

DNA virus) [6]. Thus, an important mechanism of viral

oncolysis can be established by both cellular oncogene and

tumor suppressor gene abnormalities. 

Using replicating viruses in the treatment of gyneco-

logic malignancies is not a recent idea. In 1912, a Italian

clinician, De Pace, described a case history of one of his

patients who experienced remission of her enormously

large vegetating uterine cervical carcinoma following Pas-

teur's live attenuated rabies vaccine treatment. The rabies

vaccine was developed by Louis Pasteur in order to erad-

icate rabies not for viral oncolysis. The patient was bitten

by a rabid dog and was therefore not treated with the in-

tention for a replicating viral oncolysis. De Pace attrib-

uted the regression of the cancer to oncolysis by the virus

due to cancer cell death caused by viral cytolysis [7].

Since the use of rabies live vaccine virus, various repli-
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cating viruses have shown various degrees of safety and

efficacy in pre-clinical or clinical application for gyneco-

logic cancer therapeutics. The present authors would like

review recent progresses in molecular studies as well as

clinical aspects of replicating viral oncolysis against gy-

necologic malignancies.

Mechanism of the replicating viral oncolysis against gy-

necologic malignancies 

Gynecologic malignancies comprise a series of genetic

abnormalities involving oncogenes and tumor suppressor

genes. Cervical cancer develops from precursor lesions re-

ferred to cervical intrepithelial neoplasia. It is now known

that specific types of HPV are the principal etiologic agents

for cervical cancer. Although the number of known genital

HPV types now exceeds 170, only certain highly oncogenic

types such as HPV 16 and HPV 18 are clinically important

[8]. The highly oncogenic HPVs generate two viral onco-

proteins (E6 and E7), which interact with host cellular

tumor suppressor proteins (p53 and RB). These interactions

between viral oncoproteins and cellular tumor suppressor

proteins can lead to cell cycle progression and appear to be

critical for the development of cervical cancer [9]. Since

oncolytic viruses, such as reovirus and poxvirus, can tar-

get tumor suppressor abnormalities [6], these tumor sup-

pressor defective cervical cancers can be a good target for

replicating oncolytic viruses. Oncogenes such as c-Myc and

Ras are also important for cervical cancer development [10,

11]. Since oncolytic viruses can target oncogene-driven

cancers [3-5, 12], not only tumor suppressors but also onco-

gene-driven cervical cancers are also a good target for repli-

cating oncolytic viruses. 

Among gynecological malignancies, ovarian cancer car-

ries the worst prognosis of all gynecological malignancies

mainly due to lack of early detection and resistance to con-

ventional therapy. Ovarian cancers may progress along two

different pathways: type I cancers are highly differentiated

(“low grade”) and develop via typical precursor lesions,

such as cystadenomas and borderline tumors. Although

serous cancers represent the predominant histological sub-

type of the type I pathway, low-grade mucinous and en-

dometrioid carcinomas, as well as malignant Brenner

tumors are also included in this category (group). Type II

cancers are poorly differentiated (“high grade”) and de-

velop rapidly without known or morphologically visible

precursor lesions (“de novo development”). This group in-

cludes poorly differentiated serous, endometrioid, clear

cell, and transitional cell carcinomas [13]. The morpho-

logic differences of serous type I and type II tumors are

reflected by molecular differences: type I tumors are ge-

netically stable; two-thirds of them carry Ras pathway ab-

normalities. Most of them lack p53 mutations [14, 15].

Low-grade endometrioid cancers carry other mutations

such as PTEN and PIK3CA. More than 50% of the low-

grade mucinous tumors carry Ras mutations [16]. By con-

trast, serous high-grade cancers are genetically instable;

more than 80 % carry p53 mutations [14, 15]. The major-

ity of hereditary ovarian carcinomas are caused by BRCA1

and/or BRCA2 mutations thereby representing approxi-

mately 10% of all ovarian cancer cases [17]. Although

ovarian cancers have heterogeneity in genetic abnormali-

ties depending on tumor types, multi-mechanistic repli-

cating viruses could effectively target them. 

Since gynecologic malignancies underwent series of ge-

netic abnormalities involving diverse classes of oncogenes

and tumor suppressor genes and carcinogenesis is a multi-

step process involving accumulation both oncogene and

tumor suppressor gene abnormality, it would be interesting

whether replicating oncolytic viruses could exploit abnor-

mal oncogene/cellular tumor suppressor signaling for their

decision of oncolytic specificity and efficacy. Many tumor

suppressor genes such as p53, ATM, and RB and oncogenes

such as Ras and c-Myc are known to play important roles

in genomic fidelity/maintenance. Thus tumor suppressor

gene or oncogene abnormalities could affect host genomic

integrity and likely disrupt intact antiviral networks due to

accumulation of genetic defects resulting in replicating

virus susceptibility. In 1998, mechanistic aspects of the on-

colytic nature of a replicating virus is intensively studies

by Lee's lab in University of Calgary. Strong et al. showed

that virally resistant NIH 3T3 cells become susceptible to

reovirus type 3 Dearing challenge when NIH 3T3 cells

transformed with activated Sos or Ras. The Ras oncogene

transformed cells showed a compromised antiviral PKR ac-

tivity compared to untransformed cells [5]. Coffey et al.
also showed that v-erbB-transformed NIH 3T3 xenografts

are highly susceptible to reovirus type 3 Dearing challenge

in tumor bearing mouse model [18]. When virally resistant

cells are highly expressed by c-Myc oncogene introduction,

reovirus type 3 Dearing could preferentially infect them

and induce cell death [12, 19]. c-Myc proto-oncogene plays

an important role in genomic maintenance and deregulated

c-Myc expression generates genomic instability [20-22].

Oncogenes such as Ras and c-Myc were initially to be

oncogenic solely because of their role in proliferative con-

trol. However, recent studies proposed that chromosome

instability caused by combined dysfunctional effect of

oncogenes and tumor suppressor genes may be more cen-

tral to tumorigenesis than previously thought [23]. Thus,

not only oncogenes but also tumor suppressor genes may

play an important role in determining oncolytic nature of a

replicating virus since genomic instability could compro-

mise integrity of normal cellular anti-viral networks. In

2010, the present authors were able to show that p53, ATM,

and RB tumor suppressor genes and their abnormal func-

tions are important in determining reovirus oncolytic tro-

pism. Abnormal functions of these tumor suppressors

render cells to become susceptible upon replicating on-

colytic viral challenges [6]. They proposed that abnormal-
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ity of tumor suppressor genes should increase genomic in-

stability, which would in turn result in the occurrence of

new mutations including those affecting antiviral-related

host genes. Furthermore, genomic instability appears to be

the engine of both tumor progression and stagnation of the

normal functions of antiviral-related cellular genes. Thus,

mechanistically, replicating viral oncotropism can be es-

tablished by both oncogenic hyper-activation and/or tumor

suppressor abnormalities. Figure 1 shows mechanistic basis

of replicating viral oncolysis in regards to cellular onco-

genes and tumor suppressor genes. 

Oncolytic strains of the replicating viruses for gyneco-

logic cancer therapy

Rhabdoviridae
Using replicating viruses in the treatment of cancers in-

cluding gynecologic malignancies is not a recent idea. A

viral species from Rhabdoviridae is perhaps the firstly

used oncolytic virus for human gynecological malignancy

a century ago. Rabies virus, the prototypic member of the

genus Lyssavirus, is an enveloped virus with a negative

stranded RNA genome. Rabies is one of the oldest recog-

nized infectious disease. Ancient civilizations were famil-

iar with rabies. An early historical records mentioned the

dangers of a rabid dog bites. Pasteur's research on rabies is

perhaps the most well-known historical achievement in the

vaccine field. Through adaptation of “street” (wild-type)

virus to laboratory animals, he was able to change its prop-

erties used it as a live vaccine. The wild type virus is nat-

urally attenuated during these passaging events. As

mentioned above, in 1912, a Italian clinician, De Pace, re-

ported that one of his patients who experienced remission

of her enormously large vegetating uterine cervical carci-

noma following Pasteur's live attenuated rabies vaccine

treatment [7].

Figure 1. — Mechanistic basis of a

replicating viral oncolysis against gy-

necologic malignancies. (A) Car-

cinogenesis is a multi-step process

involving accumulation of cellular

oncogenes and tumor suppressor

gene abnormalities. (B) In the case of

normal cells, DNA damages (exter-

nally or internally) could be repaired

by normal checkpoint activities such

as cell cycle arrest or apoptosis re-

stricting viral propagation due to

preservation of anti-viral integrity.

However, tumor suppressor defective

cancers could not handle genotoxic

challenges, resulting in genomic in-

stability and defective checkpoints/

antiviral responses. Taken together,

abnormal cells can be preferentially

infected by replicating viruses due to

loss of intact anti-viral functionality

in the host cells.
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Vesicular stomatitis virus (VSV), the prototypic member

of the genus Vesiculovirus, is an enveloped virus with a

negative stranded RNA genome. The extensive body of

knowledge about the replication of VSV reflects its status

as a widely studied prototype for the non-segmented, neg-

ative-strand RNA viruses. VSV produces an acute disease

in cattle, horses, and pigs characterized by fever and vesi-

cles in the mucosa of the oral cavity and in the skin of the

coronary band and teat. Clinically, VS (vesicular stomati-

tis) pathology is very similar to foot-and-mouth disease

(FMB). VSV can also rarely cause an acute febrile disease

in humans. Laboratory-adopted strains, however, are rarely

pathogenic for humans. Although VS was first reported in

the United States in 1916 during an epidemic in cattle and

horses, a clinically similar disease was previously described

in 1862. In 1925, cattle transported from Kansas City, Mis-

souri, to Richmond, Indiana, initiated an outbreak of VS in

the area. The disease was experimentally transmitted to

horses and the infectious agent was maintained by serial

passages in animals. The strain became the VS-Indiana

strain virus [24]. Liu et al. reported that a genetically engi-

neered VSV Indiana strain are highly effective in oncolysis

of endometrial cancer cells in vitro and in vivo [25].

Paramyxoviridae 
Paramyxomviruses contain non-segmented single-

stranded RNA genomes of negative polarity and replicate

entirely in the cytoplasm and they are defined by having a

protein (F) that causes viral-cell membrane fusion [26].

Mumps virus, a member of the genus Rubulavirus, is the

causative agent for mumps, a well-known common child-

hood disease characterized by swelling of the parotid

glands, salivary glands, and other epithelial tissues. Al-

though mumps virus is a human pathogen causing mumps,

it is rarely fatal and mostly can be recovered by natural im-

munity. In 1974, Asada reported that a wild type mumps

virus collected from the saliva of a patients with epidemic

parotitis showed a significant anti-tumor efficacy against

various cancers including gynecologic malignancies. Four-

teen terminal cancer patients with uterine, ovarian, and

vaginal cancers were administered with mumps virus solu-

tion locally and repeatedly, and nine patients showed a very

good or good efficacy according to the author's criteria.

Most patients well tolerated it and transient high fever was

the common adverse effect during the viral therapy [27].

Measles virus, a member of the genus Mobillivirus, is the

causative agent for measles. Measles is a highly contagious

disease characterized by a prodromal illness of fever,

coryza, cough, and conjunctivitis followed by the appear-

ance of a generalized maculopapular rash. In 1954, the

virus causing measles was isolated from an 11-year old boy

from the United States, David Edmonston, and the virus

was adapted and attenuated on chick cells [28, 29]. The Ed-

monston strain was widely used for eradication of measles

worldwide [30]. Galanis et al., reported that a genetically

engineered Edmonston strain showed a significant efficacy

against conventional therapy-resistant ovarian cancers in a

clinical trial [31]. The virus was administrated to 16 pa-

tients with ovarian cancers intraperitoneally and repeatedly,

and the median overall survival (OS) was 26.5 months,

which was significant compared to other conventional ther-

apy OS ranges of six to 12 months. Most patients well tol-

erated it and there was no significant adverse effects

observed during the viral therapy [31]. 

Adenoviridae
Human adenoviruses belong to the genus of Mastaden-

ovirus. Fifty-six human adenovirus types have been recog-

nized and are classified into seven species (A-G) on the

basis of serology and other criteria [32, 33]. Adenoviruses

contain a linear, double-stranded DNA genome encapsi-

dated in an icosahedral protein shell. Adenoviruses were

firstly isolated and characterized in 1953 by two groups

who were searching for the etiologic agents of acute respi-

ratory infections [34, 35]. The two isolated viruses were re-

lated and named adenoviruses, after the original tissue

(adenoids) in which they were discovered. In humans, be-

sides respiratory disease, adenoviruses cause conjunctivitis

and infantile gastroenteritis. In immunocompetent patients,

adenoviruses usually cause a mild, self-limiting acute in-

fection. However, in neonates and immunosuppressed pa-

tients, adenoviruses can cause fulminant fatal pneumonia,

hepatitis, and/or encephalitis [36]. In 1956, Smith et al., re-

ported that wild type adenoviruses showed a significant

anti-tumor efficacy against cervical carcinoma patents.

Thirty terminal cancer patients with cervical carcinoma

were administered with adenoviruses locally, and 11 pa-

tients showed a very good or good efficacy according to

the author's criteria. [37]. Currently, instead of using wild

type viruses, genetically modified versions of human ade-

noviruses were administered to ovarian and other gyneco-

logic malignancies in clinical trials [38, 39]. 

Reoviridae
The Reoviridae is the largest and most diverse of dsRNA

viruses. Mammalian reoviruses belong to the genus of Or-

thoreovirus. The viral particles display icosahedral symme-

try with a diameter of 65 to 80 nm. Due to non-pathogenic

nature in general, reoviruses are initially designated as or-

phan virus coined by Sabin [40]. Although reoviruses have

been recovered mostly from children with a variety of mild

illnesses such as common cold, diarrhea, etc [41-43], as well

as from healthy persons [44], direct inoculation of re-

oviruses into human volunteers did not cause any signifi-

cant human diseases. A few volunteers developed mild

afebrile illness but these illness could not be definitely at-

tributed to the viruses inoculated [45]. In 2008, phase I clin-

ical trial of reovirus showed a mild illness in a few patients

[46]. Taken together, direct inoculation of reovirus into

human causes asymptomatic or subclinical illnesses.

EJGO_3_2016:Layout 1  26-04-2016  14:45  Pagina 298



Replicating viruses for gynecologic cancer therapy 299

In 1960s, Bennette isolated an ascite tumor destroying

virus during passage of an ascites tumour. It was serially

transmissible and seemingly non-pathogenic in host mouse

in the absence of neoplastic cells. Filtrates of ascitic fluids

and extracts of cells which harbored the unknown virus

were highly destructive for the Ehrlich carcinoma and also

other ascite tumours [47, 48]. The unknown oncolytic virus,

isolated from a mouse ascites tumour, was later identified

as a strain of reovirus type 3 MH (Middlesex Hospital)

[49]. In 1977, Harshiro et al. studied oncolytic nature of re-

ovirus and showed that reovirus type2 D5 Jones strain pref-

erentially induces cytotoxicity against certain transformed

cells compared to normal cell counterparts [50]. In 1978,

Duncan et al. also showed that reovirus type 3 Dearing

strain exerted differential sensitivity between normal and

SV-40 transformed cells. SV-40 transformed WI-38 cells

are highly susceptible to cytotoxic potential of reovirus type

3 Dearing strain challenge [51]. In 1998, Strong et al.
showed Ras pathway abnormality is important in deter-

mining reovirus type 3 Dearing viral oncotropism [5]. In

2010, the present authors were able to show that tumor sup-

pressor abnormities are also important in determining re-

ovirus type 3 Dearing viral oncotropism [6]. 

Although the naturally occurring reoviruses, which har-

bor innate oncolytic potential, are generally asymptomatic

and sometimes cause only mild symptoms in immuno-

Table 1. — Oncolytic strains of the replicating viruses for gynecologic cancer therapy.
Replicating viruses  Applications for gynecologic cancer therapy

Comments
Family Genus/ Species

Backbone
Strain

Genomic
modifi cation

Pre-clinical Clinical

Rhabdoviridae Lyssavirus / 
Rabies 

Rabies live 
vaccine 
(Pasteur’s 
vaccine)

Wild type ND Cervical cancer Wild type in clinical 
trial

De Pace. 1912 [7] De Pace. 1912 [7] Representative literature

Vesiculovirus/ 
Vesicular 
stomatitis

Indiana Attenuated, transgene 
inserted

Endometrial cancer model ND

Balachandran and 
Barber. 2008 [83]

Liu et al. 2014 [25] Representative literature

Paramyxoviridae Rubulavirus/ 
Mumps

Wild type 
isolated from 
a parotitis 
patient

Wild type ND Cervical, ovarian,
and other cancers

Wild type in clinical 
trial

Asada. 1974 [27] Asada. 1974 [27] Representative literature

Morbillivirus/ 
Measles virus

Edmonston Transgene inserted Ovarian, endometrial 
cancer model

Ovarian cancer MV-CEA, MV-NIS in 
clinical trial

Peng et al. 2002 [84]; 
Dingli et al. 2004 [85]

Galanis et al. 2015 [31]; 
Liu et al. 2014 [25]

Galanis et al. 2015 [31]; 
Mader et al. 2013 [86];
Pol et al. 2014 [39]

Representative literature

Adenoviridae Mastadenovirus/ 
Human 
adeonviruses B, 
C, etc

Human 
adenovirus 
type 1, 2, 3, 
4, 5,6,7,10  
group B, etc

Wild type viruses; 
Chimeric/attenuated

Colon cancer model Cervical carcinoma;
Ovarian cancer

Wild type strains;  
ONYX-015, ColoAd1, 
etc in clinical trial 

Smith et al. 1956 [37]; 
Kuhn et al. 2008 [87]

Kuhn et al., 2008 [87] Smith et al. 1956 [37];
Vasey et al. 2002 [38];
Pol et al. 2014 [39]

Representative literature

Reoviridae Orthoreovirus/ 
Reovirus type1, 
2, 3

Reovirus type 
3 Dearing, 
MH

Wild type, Attenuated Ascites tumor bearing 
mouse model;
Ovarian cancer model

Fallopian tube, ovarian, 
primary peritoneal 
carcinoma

Wild type (Reolysin) in 
clinical trial

Coffey et al. 1998 [18]; 
Kim et al. 2010 [6]; Kim 
et al. 2011 [54]

Bennette. 1960 [47]; 
Bennette et al. 1967 [49]; 
Hirasawa et al. 2002 [56]

NCT01199263,
NCT00602277

Representative 
literature/Trial numbers

Poxviridae Orthopoxvirus/ 
Vaccinia (VACV)

Lister Attenuated, transgenes 
inserted.

Ovarian cancer model Peritoneal 
carcinomatosis

GLV-1h68 in clinical 
trial

Chen et al. 2001 [91]; 
Zhang et al. 2007 [88] 

Hung et al. 2007 [63] NCT01443260 Representative 
literature/Trial number

Unassigned / 
Squirrelpox
(SQPV)

Kilham Wild type Various cancer model 
including cervical cancer

ND

Kim et al. 2014 [71,72] Kim et al. 2014 [71,72] Representative literature
Herpesviridae Simplex virus/ 

type
1,2 

HSV-1 JS-
1,McIntyre, 
HF, HSV-2 
HG52, 186

Attenuated, transgene 
inserted

Ovarian cancer model ND

Chou et al. 1990 
[76]; Sivendran et al. 
2010[89]

Fu et al. 2007 [80]; 
Coukos et al. 2000[78]

Representative literature

Abbreviations: YLDV; Yaba-like disease virus, MYXV; Myxoma virus, SQPV; Squirrelpox virus, ND; not done yet.
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competent humans, immunocompromised animal studies

have shown considerable viral diseases such as oily hair ef-

fect, myocarditis, black feet syndrome, etc [49, 52, 53]. Be-

cause cancer patients can sometimes undergo a severe

immunosuppression due to heavy chemo/radiation-treat-

ments or advanced tumor progression, this pathogenic na-

ture of reoviruses could be a hurdle in wild type reovirus-

based anticancer therapeutic approaches. In 2007, the pres-

ent authors isolated a genetically attenuated reovirus vari-

ant derived from persistently infected cells and this

naturally attenuated reovirus was able to exert potent anti-

tumor activity with a significantly reduced viral pathogen-

esis in immunocompromised animal models. Importantly,

in this instance the attenuated reovirus maintains its on-

colytic potential while significantly reducing reoviral

pathogenesis in tumor xenograft experiments using SCID

mice [53, 54] Furthermore, the attenuated reovirus does not

affect murine embryonic stem cells’ integrity suggesting

that it could be used for pregnant cancer patients [54]. Al-

though efficacy of the attenuated reovirus is not thoroughly

compared with wild type reoviruses, it could be used in

cases where wild type reoviruses could not be applied due

to an unwanted side effect potential of  particular cancer

patients in a clinical setting. In 2002, Hirasawa et al. re-

ported that reovirus type 3 Dearing strain is highly effective

in suppressing ovarian tumors in a xenografted animal

model [55]. Recently, reovirus type 3 Dearing strain was

administrated to ovarian tumor patients in clinical trials as

shown in Table 1. 

Poxviridae
Poxviruses, which belong to Poxviridae family, are ubiq-

uitous, enveloped viruses replicating entirely in the cyto-

plasm of vertebrate or invertebrate cells. Poxvirus particles

(virions) can be externally enveloped (EEV), though the in-

tracellular mature virion (IMV) form of the virus, which

contains different envelope, is also infectious. They vary in

their shape depending upon the species but are generally

brick or oval shaped (similar to a rounded brick) wrapped

by the endoplasmic reticulum. The virion is exceptionally

large, its size is around 200 nm in diameter and 300 nm in

length and carries its genome in a single, linear, double-

stranded segment of a DNA molecule comprising 130 to

300 kilobase pairs [56]. 

Vaccinia virus is a member of the Orthopoxvirus genus of

the Poxviridae and is the most intensively studied poxvirus.

It is famous as the live vaccine virus that was used to erad-

icate smallpox caused by the variola virus, a feat completed

in 1970s that remains the greatest triumph for the World

Health Organization to date [57]. Yet despite the effective-

ness of vaccinia virus in eradicating the smallpox, its origin

and natural history are unknown and remain an enigma of

virology [58, 59]. The live vaccinia Lister strain was de-

veloped at the Lister Institute in the United Kingdom. From

1968 to 1971, the Lister strain became the most widely used

vaccine throughout the world [60]. Oncolytic nature of Lis-

ter strain was studies by several groups [61-63]. In 2007,

Hung et al. showed that a modified version of Lister strain

is effective in eradicating ovarian tumors in a xenografted

animal model [63]. Currently, a modified version of Lister

strain is in clinical trials against peritoneal carcinomatosis

as shown in Table 1.

Squirrelpox virus (SQPV) Kilham strain, which belongs

to an unassigned genus, isolated from a grey squirrel (Sci-
urus carolinensis) in Maryland, USA [64]. In grey squir-

rels, SQPV exerts a sub-clinical infection that rarely

manifests in disease [65, 66]. However, red squirrel (Sci-
urus vulgaris) infection by SQPV causes ulceration with

crusted lesions and scabs around the eyes, lips, feet and

genitalia, and an exudative dermatitis which may be sim-

ilar to myxomatosis pathogenesis caused by the myxoma

virus infection in the European rabbit species (Oryctolagus
cuniculus), and is almost always fatal [67, 68]. Red squir-

rels have been in decline in Great Britain for the last cen-

tury due to a combination of habitat loss and the

introduction of the North American eastern grey squirrel

[69]. The dramatic decline of the native red squirrel in the

UK has been attributed to both direct and disease-medi-

ated competition with the grey squirrel, where the com-

petitor acts as a reservoir host of SQPV [70]. SQPV natural

infection in humans has not been reported since the de-

cline of the red squirrel population in Great Britain. SQPV

seems to have a very narrow and specific host range and

exerts its viral pathogenic nature only in a certain squirrel

species without affecting other non-squirrel species [70].

Taken together, the human pathogenicity of the SQPV

Kilham oncolytic strain seems to be highly unlikely due

to the poxviral host range restriction, although further

human studies are warranted that include immunocom-

promised individuals. In 2014, Kim et al. showed that

SQPV is highly effective in eradicating cervical cancer in

a xenografted animal model [71, 72]. 

Herpesviridae
Herpesviruses contain a linear double-stranded DNA as

their genome, an iscosahedral capsid, and an envelope con-

taining viral glycoproteins. Herpes simplex virus-1 (HSV-

1) and Herpes simplex virus-2 (HSV-2) belong to

Simplexvirus genus and they are well known for causing

latent, recurring infections of orolabial herpes and genital

herpes. HSV-1 and HSV-2 are now used for replication

proficient oncolytic viral therapy [73]. Although the le-

sions caused by HSV may have been described in the an-

cient literature millenia ago, a most enlightening

description of recurrences of genital lesions was described

by Unna in 1883. He wrote that herpes was “so to say a

vocational disease”, recognized as being “one of the most

benign of affections both to the patient and her public”

[74]. In 1924, Gruter reported that HSV could be trans-

mitted serially from rabbit to rabbit and the virology com-
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munity gives him a credit for the isolation of HSV [73, 75].

Importantly, Chou et al. reported that the neurovirulence of

HSV-1 was mapped to the ICP34.5 gene and the patho-

genicity of wild type virus can be significantly attenuated

by targeting ICP34.5 gene [76, 77]. Thus oncolytic strain

of HSV-1 is genetically engineered for safety and efficacy.

In 2000, Coukos et al. reported that multi-attenuated HSV-

1 mutant G207 exerts cytotoxicity against epithelial ovar-

ian cancer but not normal mesothelium and is suitable for

intraperitoneal oncolytic therapy [78]. Mechatabnistically,

Farassati et al. reported that oncogenic Ras signalling is

important in the determination of host-cell permissiveness

to HSV-1 [79]. In 2007, Fu et al. showed that an oncolytic

virus derived from HSV-2 has potent therapeutic effect

against metastatic ovarian cancer [80]. Table 1 shows var-

ious oncolytic strains of the replicating viruses for gyne-

cologic cancer therapy in preclinical or clinical stages. 

Gynecologic clinical trials using the replicating viruses

Since 1910s, replicating viruses has been used for gyne-

cologic cancer therapy. Early clinical studies clearly

showed that various replicating viruses are highly effective

in eradicating gynecological malignancies with well toler-

able safety [7, 27, 37]. Remarkably, Asada reported that 14

terminal cancer patients with uterine, ovarian, and vaginal

cancers were administered with wild type mumps virus so-

lution locally and repeatedly, and nine patients showed a

very good or good efficacy according to the author's crite-

ria. Most patients well tolerated it and transient high fever

was the common adverse effect during the viral therapy

[27]. Smith et al. also reported that wild type adenoviruses

showed a significant efficacy against cervical carcinoma

patents. Thirty terminal cancer patients with cervical car-

cinoma were administered with adenoviruses locally, and

11 patients showed a very good or good efficacy according

to the author's criteria [37].

From 2002 to 2014, various replicating viral trials are al-

ready conducted or currently in progress. Unlike early tri-

als, the genetically modified version of replicating viruses

(except reovirus) are utilized in clinical trials as shown in

Table 2. Remarkably, Galanis et al. reported that a geneti-

cally engineered Edmonston strain showed a significant ef-

ficacy against conventional therapy-resistant ovarian

cancers in a clinical trial. The virus was administrated to

16 patients with ovarian cancers intraperitoneally and re-

peatedly, and the median OS was 26.5 months, which was

significant compared to other conventional therapy OS

ranges of six to 12 months. Most patients well tolerated it

and there was no significant adverse effects observed dur-

ing the viral therapy [31]. Currently, wild type reovirus type

3 Dearing strain, a chimeric form of adenovirus, a geneti-

cally modified vaccinia Lister strain, and an engineered

measles Edmonston strain are in clinical trials and safety

and efficacy of these viruses could be reported in the near

future. Table 2 shows summary of gynecologic clinical tri-

als with completed and ongoing using replicating viruses

alone or in combination with other therapies.

Table 2. — Summary of gynecologic clinical trials with completed and ongoing using the replicating viruses alone or in 
combination with other therapies.
Tumor types Trial 

location
Phase Backbone strain/ 

Highest doses 
(PFU or TCID50)

Safety/
Effi cacy

ClinicalTrials.gov 
identifi er

Current status* Ref

Cervical cancer Italy Pilot Rabies vaccine/ NR
Well tolerated/
Some effi cacy

Completed 
about 1912

De Pace. 1912 [7]

Cervical cancer US Pilot
Human adenoviruses/ 
NR

Well tolerated/
Some effi cacy

Completed 
about 1956

Smith et al. 1956 [37]

Uterine, ovarian, vaginal Japan Pilot
Mumps, Wild type/ 
NR

Well tolerated/
Some effi cacy

Completed 
about 1974

Asada.1974 [27]

Ovarian cancer UK 1
Human adenovirus/ 
1011 

Well tolerated/
limited effi cacy

Completed 
about 2002

Vasey et al., 2002 [38]

Ovarian epithelial,  
primary peritoneal 
cancer

US 1
Measles, Edmonston/
109 NCT00408590

Active,
Not recruiting

Galanis et al. 2010 [90]; 
Galanis et al. 2015 [31] 

Ovarian cancer US 1/2
Measles, Edmonston/
109 NCT02068794 Recruiting Mader et al. 2013 [86]

Peritoneal 
carcinomatosis 

Germany 1/2
Vaccinia, Lister/NR

NCT01443260 Recruiting

Fallopian tube,  ovarian, 
primary peritoneal 
carcinoma

US
2

Reovirus type 3 
Dearing/1010 NCT01199263

Active,
not recruiting

US 1
Reovirus type 3 
Dearing/1010 NCT00602277

Active,
not recruiting

Ovarian cancer UK 1/2
Human adenovirus 
chimeric/NR

NCT02028117 Recruiting

* As of Jan 2015. Abbreviations: PFU; Plaque forming unit, TCID50; 50% Tissue culture infective dose, NR; Not reported.
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Future directions 

Since the serendipitous use of rabies live vaccine virus

in 1912, oncolytic nature of various replicating viruses ca-

pable of targeting gynecologic malignancies has been iden-

tified. During the past 20 years of molecular research, the

involvement of cellular oncogenes and tumor suppressor

genes in determining replicating viral oncotropism is now

fairly well established. Although replicating viruses are ex-

tremely potent in eradicating gynecologic tumors in human,

virally resistant tumors can occur in some cases [27, 31].

Thus it would be important to improve the viral efficacy

for overcoming viral resistance. Importantly, the present

authors were able to show that reovirus-resistant tumors

can be eradicated by introducing other oncolytic viruses

such as wild type adenovirus [53]. This could be due to the

fact that each virus has a unique strategy and low-cross re-

activity in replicating inside tumor cells. Thus it would be

possible to develop an usage of the replicating oncolytic

viruses in a sequential or combinatorial manner to over-

come virally resistant tumors. Since combinatorial on-

colytic viral regimen using the same or different family of

viruses could synergistically enhance the oncolytic viral

potency in animal models [53, 81, 82], an optimal combi-

nation of replicating DNA or RNA viruses could be clini-

cally applied for an enhanced targeting of the gynecological

malignancies in the near future. 

Unlike other types of tumors, gynecologic malignancies

could occur during pregnancy and immediate treatment

should be necessary in some situations. Thus embryonic

stem cell sparing oncolytic virus could be useful to target

gynecologic pregnant cancer patients. Importantly, the pres-

ent authors were able to show that the naturally attenuated

reovirus could exert oncolytic potency while preserving

embryonic stem cells' integrity in vitro and in vivo [54]. Not

only the attenuated reovirus, it is possible that other family

of replicating viruses could be identified and utilized for

pregnant cancer patients in the future. 
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