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‘The growth, spread and response to 
treatment of malignant cells from 

different tumors and even within a tumor 
display remarkable heterogeneity that 
seriously challenges effective therapy 

design and necessitates radical options 
to battle this radical disease.’

Cancerous cells violate the laws of cell cycle and
senescence that govern growth and differentia-
tion of normal cells. Decades of research have
identified a multitude of molecular genetic alter-
ations that are specific to neoplasia, and these are
exploited to design targeted therapeutics. The
growth, spread and response to treatment of
malignant cells from different tumors and even
within a tumor display remarkable heterogeneity
that seriously challenges effective therapy design
and necessitates radical options to battle this rad-
ical disease. One such treatment modality enlists
the help of viral particles to selectively infect and
specifically replicate in tumor cells, killing them
in the process. The subsequent cycles of infection
and replication by the released viral particles ulti-
mately destroy the tumor. Both RNA and DNA
viruses have been employed to generate such
tumor-specific oncolytic viruses (OVs). Most
OVs are genetically designed to be compromised
in their capacity to replicate and/or evade host
immune responses in normal cells. However, in
most tumor cells, this deficiency permits viral
replication and immune evasion. Viruses tested
in clinical trials are derived from DNA viruses,
such as adenoviruses, herpes simplex virus-1 and
vaccinia virus, which have been engineered to
display infection/replication potential specific to
tumor cells [1]. There are also spontaneously aris-
ing or genetically engineered strains of RNA
viruses, such as Newcastle disease virus, vesicular
stomatitis virus, reovirus, poliovirus and Cox-
sackie virus, that can replicate selectively within
tumors and are undergoing clinical testing as
anticancer treatment modalities [2]. 

No clinical trial to date has reported significant
side effects or toxicity that could be attributed
directly to the administered virus, but evidence of
efficacy has not been as forthcoming [1,3].

Detailed examination of the numerous possible
reasons for the disappointing clinical response is
crucial to maximize benefit from this treatment.
The low toxicity and lack of adequate clinical
response may reflect the current inability to pro-
duce clinical-grade virus in titers high enough to
observe an antitumor response [4]. However, in
principle, amplification of a single infectious
viral particle should be sufficient to eradicate
tumor cells after initial inoculation. This is evi-
denced by in vitro experiments wherein even very
few particles of OV have displayed potent and
selective lysis of neoplastic cells in tissue culture.
Despite this, quite the opposite is noted in vivo,
wherein viral titers in tumors decline after initial
OV administration. Recent research from several
laboratories has revealed the role played by innate
immune defense mechanisms in the rapid clear-
ance of therapeutic OV. Concordantly, transient
suppression of innate host immune responses in
animals results in increased propagation of virus
and enhancement of OV therapy [5–7]. Paradoxi-
cally, accumulating evidence also suggests that
OV-mediated oncolysis sets the stage for activa-
tion of a systemic adaptive immune surveillance
that ultimately results in host rejection of cancer
cells [8–10]. Detailed elucidation of the temporal
pattern of the varied host responses after initial
tumor infection is required before OV therapy
can be fully exploited. 

‘OV-mediated oncolysis sets the stage 
for activation of a systemic adaptive 

immune surveillance.‘

Solid tumors consist of neoplastic and stromal
cells embedded in a complex extracellular matrix
that comprises secreted matrix proteoglycans,
proteases and secreted growth factors. Delivery of
OVs by local intratumoral injection results in
focal oncolysis and tumor necrosis, but the com-
plex extracellular matrix may limit efficient
spread of the virus throughout the tumor. Efforts
to modify the tumor microenvironment to
enhance spread of the virus to distal parts of the
solid tumor would augment the virus’s antitumor
effectiveness. Consistent with this modification
of the matrix, the use of bacterial collagenase to
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degrade fibrillar collagen within the interstitium
of the tumor has been shown to enhance viral
spread and thereby enhance OV efficacy in a
human melanoma xenograft in mice [11]. The
ideal approach of systemic delivery of virus to
increase dispersal throughout the tumor is lim-
ited by swift viral neutralization, degradation and
clearance from the blood stream. A ‘Trojan horse’
approach that uses host cells to deliver an ‘army’ of
viral particles to the site of malignant growth that
are unseen by host immune responses is an excit-
ing possibility that is currently being tested [12,13].
Mesenchymal progenitor cells (MPC) are a sub-
population of bone marrow stromal cells that can
be isolated, expanded and then transduced in vitro
with viral vectors and reintroduced with relative
ease. Combined with their recently identified
tumor-homing characteristics, these properties
make MPCs an attractive vehicle for systemic
distribution of OV [14]. Komarova and col-
leagues recently tested this approach for the sys-
temic delivery of a genetically modified
adenovirus and showed the feasibility of using
virally loaded MPCs to efficiently target tumors
with replication-competent viruses [12]. 

Considering the incredible complexity of
human cancers, oncolytic viral therapy, and the
elicited immune responses, it is highly unlikely
that a single agent would translate effectively
into cure. Hence, the future of cancer therapy
lies in the strategic combination of therapeutic
modalities that can enhance patient outcome
synergistically. Changes in gene expression
induced by ionizing radiation and post-trans-
lational modifications of cellular proteins can
aid viral oncolytic therapy. The phenomenon of
radiation-enhanced viral oncolysis is appealing,
because the combined therapies are never
antagonistic, and their combined activity
ranges from additive to synergistic augmenta-
tion [15]. Treatment with chemotherapeutic
agents, such as temozolomide and cisplatin,
often leads to incomplete responses, partly due
to the development of resistance by induction of
DNA repair pathways. The induction of DNA
repair pathways in the resistant cells provides a
better environment for oncolysis and hence results
in synergistic enhancement of oncolysis with
chemotherapy [16,17]. Autologous bone marrow
transplantation is often used after high-dose
chemotherapy to limit toxicity. However, for sev-
eral solid tumors, the presence of contaminating
tumor cells (CTCs) within the allograft is thought
to contribute to relapse. Ex vivo viral oncolysis to
purge the autologous bone marrow transplant

from contaminating CTCs may prove to be an
attractive strategy to enhance the safety of
high-dose chemotherapy [18]. 

‘A ‘Trojan horse’ approach that uses host 
cells to deliver an ‘army’ of viral particles 

to the site of malignant growth...is an 
exciting possibility.’

The highly attenuated design of first-genera-
tion OVs tested clinically may be another factor
contributing to the low efficacy observed in clin-
ical trials. The design of next-generation viruses
incorporates ways to make OVs more potent
without compromising safety. 

Future OVs are being ‘dually armed’ to
destroy cancers directly and by adjuvant delivery
of therapeutic/cytotoxic genes. Comparing
transgene expression through replication-compe-
tent and -incompetent vectors has shown the
former to last longer and cover a more extensive
area after infection [19]. Therapeutic genes deliv-
ered by OV include antineoplastic genes, such as
antiangiogenic factors targeting tumor vascula-
ture, cytokines to activate immune-mediated
tumor killing, and prodrug-activating enzymes
to enhance tumor cytotoxicity [20,21]. Such
cancer terminator viruses facilitate replication of
cancer-sensitive viruses and robust expression of
transgenes that allow maximum lysis of tumor
cells [22]. 

The restricted expression of receptors that
facilitate viral infection has also seriously lim-
ited the success of virus-mediated oncolysis. For
example, the low-level expression of adenovirus
receptor, CAR, on most cancer cells seriously
limits the ability of adenovirus-based vectors to
infect a wide range of tumor cells. Recom-
binant viruses genetically modified to infect
tumor tissue through heterologous pathways
have been generated, establishing the feasibility
of retargeting viral infection. The same may
well hold true even for other, more widely
infectable viruses.

The design of future OVs incorporates strate-
gies to increase the potency and selectivity of
viruses so that cytotoxicity is increased and toxic-
ity is minimized. Virulent viral genes (originally
deleted in first-generation viruses) are reintro-
duced under the governance of tumor- or tissue-
specific transcription factors to govern viral viru-
lence in a tumor-/tissue-specific fashion. This
strategy has also been harvested to target cancer
stem cells using promoters of genes expressed in
stem cells to drive viral virulence [23]. 
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The myriad of approaches being investigated
for OV therapy highlights the strong faith of
numerous investigators and clinicians in this
treatment modality. However, it has become
increasingly evident that the war against cancer

will not be won by a single treatment strategy,
but requires the pooling of the research resources
of the different pharmaceutical companies and
private and academic investigators committed to
this cause. 
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