
Gavin Publishers
Gavin Journal of Oncology Research and Therapy
Volume 2016; Pages 4
Maitra R

1www.gavinpublishers.org

Editorial

Keywords
Innate immunity; Oncolytic virus; Toll receptors; Virotherapy

	 Past two decades have witnessed phenomenal research in 
basic and translational science that has provided significant  
improvement in the therapeutic modalities of cancer  
treatment, all the same it is still far from delivering complete  
cure of the ailment. Cancer is often categorized as hetero-
geneous disease with immense variation in etiology and  
characteristics depending on the tissue type. Attempts are  
constantly made to develop unique strategies to harness the 
disease. One such strategy being developed is virotherapy, a 
smart way of harnessing biologic for therapeutic benefit.

	 In the recent past great emphasis has been given on immune 
therapy which has become a standard treatment for a variety 
of cancers. Monoclonal antibodies, immune adjuvants, and 
vaccines against oncogenic viruses are now well-established 
cancer therapies for many cancer types [1]. Tumors express a 
wide variety of proteins that can be recognized by the immune 
system. In addition to microbial proteins, mutated proteins,  
and fusion proteins, the immune system can recognize  
developmentally and tissue-restricted proteins, as well as  
proteins that are highly over expressed by cancer cells [1].  
Established therapies employ a variety of manipulations to  
activate antitumor immunity. These include passive immuniza-
tion with monoclonal antibodies, the introduction of adjuvants 
into the tumor microenvironment, and the systemic delivery 
of cytokines. Immune therapy can ameliorate the toxic effects 
of standard chemotherapy and is an essential element in the  
curative mechanism of bone marrow transplantation for  
hematologic malignancies. Vaccination against and treatment 
for microbial infections can effect sterilizing immunity against 
cancer-promoting microorganism.

	 The field of cancer immunology and immune therapy has 
been an important focus of basic and clinical research since  

early discoveries of tumor antigens and adoptive immunity.  
Immunotherapy has been broadly classified as specific  
immunotherapy primarily includes monoclonal antibodies and 
nonspecific immunotherapy like interferons and interleukins. 
Monoclonal antibodies are a specific type of therapy made in a 
laboratory. They are designed to attach to specific proteins in a 
cancer cell. These therapies are highly specific, so they do not 
affect cells that do not have that protein. Antibodies in general  
play an crucial role in providing protective immunity to  
microorganisms, importantly the administration of tumor-tar-
geting monoclonal antibodies has proven to be one of the most 
successful forms of immune therapy for cancer [1].

	 The use of monoclonal Antibodies (mAps) for cancer  
therapy has achieved considerable success in recent years. 
Therapies utilizing biologic is deemed to have lesser side effects 
while serving the purpose of cancer elimination. Logically  
scientists started to explore the possible role of other biologics. 
The discovery of oncolytic properties in certain viruses raised  
the question as to what role does the virus exactly play to  
eliminate cancer. It has been predicted that these virus may 
play dual role by inducing two simultaneous mechanisms 
of cancer cell killing-one being physically harboring and  
multiplying within the cancer cells causing it to lyse and the 
other to trigger the host immune response by its very own  
antigens when the host immune system is stimulated to  
recognize and clear any foreign/non-self antigen presenting 
cells thus automatically including tumor antigen presenting 
cancer cells.

	 Viruses are often considered as double edged sword. It is 
now proven that viruses can be causative and curative agents 
of cancer. Members of six distinct families of viruses, called 
tumor viruses have been well characterized. These tumor  
viruses are capable of directly causing cancer in human beings. 
Viruses belonging to five of these families have DNA genomes 
and are referred to as DNA tumor viruses. The sixth contains a 
RNA genome hence considered as a cancer causing RNA virus.  
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Members of the seventh family of tumor viruses, the retrovi-
ruses, have RNA genomes in virus particles but replicate via 
synthesis of a DNA provirus in infected cells. The viruses that 
cause human cancer include hepatitis B and hepatitis C viruses 
(liver cancer), papilloma viruses (cervical and other anogenital  
cancers), Epstein-Barr virus (Burkitt’s lymphoma and  
nasopharyngeal carcinoma), Kaposi’s sarcoma-associated  
herpesvirus (Kaposi’s sarcoma), Merkel cell polyomavirus 
(Merkel cell carcinoma) and human T-cell lymphotropic virus 
(adult T-cell leukemia) as illustrated in (Table 1).

	 In addition, HIV is indirectly responsible for the cancers 
that develop in AIDS patients as a result of immunodeficien-
cy, and hepatitis C virus (an RNA virus) is an indirect cause 
of liver cancers resulting from chronic tissue damage. As  
already noted, tumor viruses not only are important as causes 
of human disease but have also played a critical role in cancer  
research by serving as models for cellular and molecular  
studies of cell transformation. The small size of their genomes  
has made tumor viruses readily amenable to molecular  
analysis, leading to the identification of viral genes responsible  
for cancer induction and paving the way to our current  
understanding of cancer at the molecular level.

	 Interesting certain viruses can also exhibit cancer eliminat-
ing properties. These viruses often termed as oncolytic virus-
es and have the unique characteristics of better propagation 
in tumor tissues as compared to the healthy ones. Although 
majority of significant human pathogenic viruses have a RNA 
genome [2] a few of these RNA viruses presented themselves 
as extraordinarily promising agents for oncolytic virothera-
py. These viruses in general have relatively flexible molecular 
properties with small genome size, single stranded with either 
polarity or double stranded with non segmented or segmented 
DNA capable of replicating in cytoplasm or nucleus [2].

	 The beginning of the last decade documented the  
excitement of identification of a group of oncolytic RNA  
viruses, the most promising ones being attenuated strains of 
adenovirus, mumps virus, Newcastle Disease Virus (NDV), 
measles virus, vesicular stomatitis virus, human reovirus,  
poliovirus, and influenza virus. Some of these viruses were 
mildly pathogenic and naturally oncolytic and reovirus a  
double stranded RNA virus is a prominent member of 
the group. The others needed attenuation, refinement and  

optimization of their oncolytic potency. Several papers have 
reported experimental evidences and proposition of three  
different approaches to the engineering of RNA viruses 
that have been adopted in order to enhance their utility as  
oncolytic agents. First is to engineer the viral envelope or capsid 
proteins in an attempt to redirect virus entry through receptors 
expressed at high levels on the tumor cell surface. The second 
is to disable viral genes whose encoded proteins counter the 
cellular responses to double-stranded RNA and to interferon. 
The third engineering strategy is to add into the viral genome 
additional cistrons coding either for proteins that facilitate  
virus tracking or proteins that enhance the potential for killing 
of uninfected by stander tumor cells [3-5].

	 After almost two decades of research and clinical  
development the first oncolytic virus to be approved by FDA 
in October 2015 was Talimogene laherparepvec (T-Vec) for 
melanoma. T-VEC is engineered from Herpes Simplex Virus1 
(HSV-1), a relatively innocuous virus that normally causes  
cold sores. T-Vec was therapeutically developed by  
introducing a few genetic modifications which included  
attenuation, increased selectivity towards tumor cells and  
ability to induce secretion of cytokine Granulocyte  
Macrophage Colony Stimulating Factor (GM-CSF) to  
stimulate the host immunity. T-VEC thus has a dual  
mechanism of action, destroying cancer both by directly  
attacking cancer cells and also by helping the immune system 
to recognize and destroy cancer cells. The drug is prescribed 
to be administered Intratumorally (IT). The virus invades both 
cancerous and healthy cells, but is unable to replicate in healthy 
cells which thus remain unaffected. Inside a cancer cell, the  
virus is able to replicate, secreting GM-CSF in the process 
which acts as a host immune trigger. Eventually overwhelmed, 
the cancer cell lyses, destroying the cell and releasing new  
viruses, GM-CSF, and an array of tumor-specific antigens to be 
recognized by the immune system [6].

	 There have been more than 65 studies that have been 
launched with various oncolytic viruses for cancers of various 
tissue types. These included both DNA and RNA viruses. The 
most prominent ones include genetically modified adenovirus 
which is a double stranded DNA virus that is being studied 
in bladder, prostrate and breast cancers. Phase II studies have 
also been completed with genetically engineered vaccinia virus 
for hepatocellular cancer. Vaccinia is a linear double stranded  
DNA virus with about 250 genes that offer a platform for  
genetic modifications. The viral backbone is capable of rapid 
replication and spread that leads to profound localized tissue  
damage and it has evolved to disseminate through the  
bloodstream and to induce a targeted immune response. 
The safety of vaccinia virus was demonstrated during the  
smallpox-eradication program, and strains highly selective for 
tumor replication have now been identified and tested [7,8]. 
These strains have been further modified towards development 
of anticancer therapy.

	 While DNA viruses present an easily modifiable genomic  
platform the RNA viruses fail to do so. Although “reverse  

Oncogenic Viruses Cancer Type

Hepatitis B Liver

Hepatitis C Liver

Human Papilloma Virus Cervical /anogenital

Epstein-Barr Virus Burkitt’s lymphoma and nasopharyngeal

Kaposi’s Sarcoma-associated 
Herpes Virus Kaposi’s sarcoma

T-cell Lymphotropic Virus adult T-cell leukemia

Merkel cell Polyoma Virus Skin- Merkel Cell

Table 1: Table represents the well characterized oncogenic viruses and the 
type of cancer caused by them.
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genetics” is being tried out in rescue of positive stranded RNA 
viruses like polio virus the technique becomes complicated  
with negatively stranded RNA virus like measles and  
influenza. For segmented double stranded RNA virus like  
reovirus the problems are even more formidable, and  
convenient strategies for virus engineering do not yet exist [2]. 
All the same reovirus has received much research guided atten-
tion and it at an important stage of therapeutic development. 
The virus is mildly pathogenic with respiratory and gastroin-
testinal symptoms which are often self resolving eliminating 
the necessity of medical interventions. Several clinical trials 
are in progress where the virus has been used in combination 
with approved chemotherapy to improve the disease outcome  
[9]. In colorectal cancer the virus has shown synergy in  
preclinical model when used in combination with chemothera-
py irenotecan [10]. The study is currently at Phase II of clinical 
development.

	 Though much research is in progress towards development 
of oncolytic virotherapy the therapeutic efficacy in most of the 
studies is limited [11]. These viruses are naturally occurring  
biologic and the obvious question that one should address 
is the mechanism by which the normal immune response is  
extended by the host when therapeutically challenged with 
the oncolytic viruses. When questioned whether host innate  
immune responses play any role to active viral tumor  
infection and if it is critical to the overall efficacy and toxicity 
of the therapy studies indicated that host immunity is indeed 
crucial. The A brisk host response to oncolytic virotherapy 
has been reported which includes intratumoral immune cells  
infiltration [12] and acute-phase reaction to intravascular virus 
[13] like New castle hill disease virus. One approach to improve 
the efficacy of oncovirus therapy is to use it in conjunction with 
approved chemotherapy or radiotherapy, as is being tested in 
clinical trials. The other plausible approach is to harness the 
cellular mechanism that could offer a better possibility of virus  
delivery and a favorable environment for virus mediated  
cancer elimination. As such, a molecularly detailed  
understanding of the host-virus interaction is essential.

	 A major mechanism by which the innate immune  
system senses the invasion of a pathogen is through specialized 
host protein receptor molecules known as Toll Like Receptors 
(TLRs). These receptors play a critical role in recognition of the  
specific molecular motifs of the micro-organism and  
translating it into endogenous danger signals. TLRs recognize 
highly conserved structural motifs known as Pathogen-As-
sociated Microbial Patterns (PAMPs), which are exclusive-
ly expressed by microbial pathogens, or Danger-Associated 
Molecular Patterns (DAMPs) that are endogenous molecules  
released from necrotic or dying cells [14]. This event of  
pattern recognition not only leads to the activation of innate 
immunity but also instructs the development of antigen-spe-
cific acquired immunity [15]. The discovery of Toll-Like  
Receptors (TLRs) as components that recognize conserved 
structures in pathogens has greatly advanced our understand-
ing of how the body senses pathogen invasion, triggers innate  

immune responses and primes antigen-specific humoral  
immunity. These are transmembrane receptor proteins are  
expressed on plasma membrane as well as endosomal  
membrane. The TLR family is generally characterized by 
the presence of leucine-rich repeats and a Toll/interleukin-1  
receptor-like domain, which mediates ligand binding and  
interaction with intracellular signaling proteins, respectively. 
Most TLR ligands identified so far are conserved microbial  
products which signal the presence of an infection, but  
evidence for some endogenous ligands that might signal 
other danger conditions has also been reported [16]. The  
pathogenic nucleic acid recognizing TLRs are mostly expressed 
on endosomal surface and primarily constitutes of TLRs 
3,7,8 and 9 out of the family of 10 odd TLR receptors. TLR3  
recognizes double-stranded viral RNA, TLR7 and TLR8  
recognize single-stranded viral RNA and TLR9 detects  
microbial CpG islands of double stranded DNA (Table 2).

	 A logical approach to improve the efficacy of virotherapy 
is to improve virus delivery to the target malignant cells. This 
process can be facilitated by down regulating the signaling 
pathway initiated by specific ligand recognizing toll receptor. 
It has been reported that Cyclophosphamide enhances glioma 
virotherapy by inhibiting innate immune responses and down  
regulation of the toll receptors [11]. Alternatively with  
oncolytic parvovirus H-1 an activation of TLR 3 and TLR 9 
was documented when administered to melanoma cell line  
SK29Mel-1 in an ex vivo study [17].

	 Attempts to silence the specific oncolytic virus recog-
nizing TLR can be a meaningful strategy to improve the  
therapy outcome. There can be two serious caveats to this  
attempt. It has been shown in many studies that the oncolytic  
viruses also stimulate host immune response with better  
recognition of tumor antigen by the host immune system post 
virus challenge. Will TLR silencing and better virus delivery  
outweigh the benefits of simultaneous host immune  
stimulation by the therapeutic oncovirus or will it be actually  
augmented? Further research is necessary to predict the  
consequences confidently.

	 There are several TLR agonists available with few being  
FDA approved as adjuvant for immune stimulations in  
cancer patients [18-20]. On the contrary not too many TLR 
antagonists are available and none has been tested for toxicity 
or safety. Antagonists for TLR 3, 4 and 9 are being developed  
for research purposes but are yet far from being ready for  
therapeutic testing.

	 The other strategy of down regulation of TLRs can be 
achieved by developing and administrating neutralizing  

Viral Genome TLR Specificities

Single stranded DNA virus TLR 9

Double stranded DNA virus TLR independent cellular sensing mechanism

Single stranded RNA virus TLR3

Single stranded RNA virus TLR7 & TLR 8

Table 2: Table represents the toll like receptors that recognize the specific viral 
genome motif.
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antibodies directed against specific TLRs [21]. This area  
requires much investigation in conjunction with molecular 
strategies towards improving the therapeutic capabilities of the 
oncolytic virus.

References

1.	 Dougan M and Dranoff G (2009) Immune therapy for cancer. Annu Rev Im-
munol 27: 83-117.

2.	 Russell SJ (2002) RNA viruses as virotherapy agents. Cancer Gene Ther 9: 
961-966.

3.	 Russell SJ (1994) Replicating vectors for cancer therapy: a question of strat-
egy. Semin Cancer Biol 5: 437-443.

4.	 Reichard KW, Lorence RM, Cascino CJ, Peeples ME, Walter RJ, et al. (1992) 
Newcastle disease virus selectively kills human tumor cells. J Surg Res 52: 
448-453.

5.	 Phuangsab A, Lorence RM, Reichard KW, Peeples ME, Walter RJ, et al. 
(2001) Newcastle disease virus therapy of human tumor xenografts: antitu-
mor effects of local or systemic administration. Cancer Lett 172: 27-36.

6.	 Liu BL, Robinson M, Han ZQ, Branston RH, English C, et al. (2003) ICP34.5 
deleted herpes simplex virus with enhanced oncolytic, immune stimulating, 
and anti-tumour properties. Gene Ther 10: 292-303.

7.	 McCart JA, Ward JM, Lee J, Hu Y, Alexander HR, et al. (2001) Systemic 
cancer therapy with a tumor-selective vaccinia virus mutant lacking thymidine 
kinase and vaccinia growth factor genes. Cancer Res 61: 8751-8757.

8.	 Kirn DH, Wang Y, Le Boeuf F, Bell J, Thorne SH, et al. (2007) Targeting of 
interferon-beta to produce a specific, multi-mechanistic oncolytic vaccinia vi-
rus. PLoS Med 4: 353.

9.	 Maitra R, Ghalib MH, Goel S (2012) Reovirus: a targeted therapeutic--prog-
ress and potential. Mol Cancer Res 10: 1514-1525.

10.	 Maitra R, Seetharam R, Tesfa L, Augustine TA, Klampfer L, et al. (2014) On-
colytic reovirus preferentially induces apoptosis in KRAS mutant colorectal 
cancer cells, and synergizes with irinotecan. Oncotarget 5: 2807-2819.

11.	 Fulci G, Breymann L, Gianni D, Kurozomi K, Rhee SS, et al. (2006) Cy-
clophosphamide enhances glioma virotherapy by inhibiting innate immune 
responses. Proc Natl Acad Sci USA 103: 12873-12878.

12.	 Chiocca EA, Abbed KM, Tatter S, Louis DN, Hochberg FH, et al. (2004) A 
phase I open-label, dose-escalation, multi-institutional trial of injection with 
an E1B-Attenuated adenovirus, ONYX-015, into the peritumoral region of 
recurrent malignant gliomas, in the adjuvant setting. Mol Ther 10: 958-966.

13.	 Pecora AL, Rizvi N, Cohen GI, Meropol NJ, Sterman D, et al. (2002) Phase 
I trial of intravenous administration of PV701, an oncolytic virus, in patients 
with advanced solid cancers. J Clin Oncol 20: 2251-2266.

14.	 Kawai T, Akira S (2010) The role of pattern-recognition receptors in innate 
immunity: update on Toll-like receptors. Nat Immunol 11: 373-384.

15.	 Akira S, Takeda k (2004) Toll-like receptor signalling. Nat Rev Immunol 4: 
499-511.

16.	 Janssens S, Beyaert R (2003) Role of Toll-like receptors in pathogen recog-
nition. Clin Microbiol Rev 16: 637-646.

17.	 Sieben M, Schäfer P, Dinsart C, Galle PR, Moehler M, et al. (2013) Activation 
of the human immune system via toll-like receptors by the oncolytic parvovi-
rus H-1. Int J Cancer 132: 2548-2556.

18.	 Jarnicki AG, Conroy H, Brereton C, Donnelly G, Toomey D, et al. (2008) At-
tenuating regulatory T cell induction by TLR agonists through inhibition of p38 
MAPK signaling in dendritic cells enhances their efficacy as vaccine adju-
vants and cancer immunotherapeutics. J Immunol 180: 3797-3806.

19.	 Vacchelli E, Galluzzi L, Eggermont A, Fridman WH, Galon J, et al. (2012) Trial 
watch: FDA-approved Toll-like receptor agonists for cancer therapy. Oncoim-
munology 1: 894-907.

20.	 Lu H (2014) TLR Agonists for Cancer Immunotherapy: Tipping the Balance 
between the Immune Stimulatory and Inhibitory Effects. Front Immunol 5: 83.

21.	 Zuany-Amorim C, Hastewell J, Walker C (2002) Toll-like receptors as poten-
tial therapeutic targets for multiple diseases. Nat Rev Drug Discov 1: 797-
807.

http://www.ncbi.nlm.nih.gov/pubmed/19007331
http://www.ncbi.nlm.nih.gov/pubmed/19007331
http://www.ncbi.nlm.nih.gov/pubmed/12522435
http://www.ncbi.nlm.nih.gov/pubmed/12522435
http://www.ncbi.nlm.nih.gov/pubmed/7703443
http://www.ncbi.nlm.nih.gov/pubmed/7703443
http://www.ncbi.nlm.nih.gov/pubmed/1619912
http://www.ncbi.nlm.nih.gov/pubmed/1619912
http://www.ncbi.nlm.nih.gov/pubmed/1619912
http://www.ncbi.nlm.nih.gov/pubmed/11595126
http://www.ncbi.nlm.nih.gov/pubmed/11595126
http://www.ncbi.nlm.nih.gov/pubmed/11595126
http://www.ncbi.nlm.nih.gov/pubmed/12595888
http://www.ncbi.nlm.nih.gov/pubmed/12595888
http://www.ncbi.nlm.nih.gov/pubmed/12595888
http://www.ncbi.nlm.nih.gov/pubmed/11751395
http://www.ncbi.nlm.nih.gov/pubmed/11751395
http://www.ncbi.nlm.nih.gov/pubmed/11751395
http://www.ncbi.nlm.nih.gov/pubmed/18162040
http://www.ncbi.nlm.nih.gov/pubmed/18162040
http://www.ncbi.nlm.nih.gov/pubmed/18162040
http://www.ncbi.nlm.nih.gov/pubmed/23038811
http://www.ncbi.nlm.nih.gov/pubmed/23038811
http://www.ncbi.nlm.nih.gov/pubmed/24798549
http://www.ncbi.nlm.nih.gov/pubmed/24798549
http://www.ncbi.nlm.nih.gov/pubmed/24798549
http://www.ncbi.nlm.nih.gov/pubmed/16908838
http://www.ncbi.nlm.nih.gov/pubmed/16908838
http://www.ncbi.nlm.nih.gov/pubmed/16908838
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/15509513
http://www.ncbi.nlm.nih.gov/pubmed/11980996
http://www.ncbi.nlm.nih.gov/pubmed/11980996
http://www.ncbi.nlm.nih.gov/pubmed/11980996
http://www.ncbi.nlm.nih.gov/pubmed/20404851
http://www.ncbi.nlm.nih.gov/pubmed/20404851
http://www.ncbi.nlm.nih.gov/pubmed/15229469
http://www.ncbi.nlm.nih.gov/pubmed/15229469
http://www.ncbi.nlm.nih.gov/pubmed/14557290
http://www.ncbi.nlm.nih.gov/pubmed/14557290
http://www.ncbi.nlm.nih.gov/pubmed/23151948
http://www.ncbi.nlm.nih.gov/pubmed/23151948
http://www.ncbi.nlm.nih.gov/pubmed/23151948
http://www.ncbi.nlm.nih.gov/pubmed/18322186
http://www.ncbi.nlm.nih.gov/pubmed/18322186
http://www.ncbi.nlm.nih.gov/pubmed/18322186
http://www.ncbi.nlm.nih.gov/pubmed/18322186
http://www.ncbi.nlm.nih.gov/pubmed/23162757
http://www.ncbi.nlm.nih.gov/pubmed/23162757
http://www.ncbi.nlm.nih.gov/pubmed/23162757
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3939428/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3939428/
http://www.nature.com/nrd/journal/v1/n10/abs/nrd914.html
http://www.nature.com/nrd/journal/v1/n10/abs/nrd914.html
http://www.nature.com/nrd/journal/v1/n10/abs/nrd914.html

