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ABSTRACT

The field of therapeutic stem cell and oncolytic virotherapy for cancer treatment
has rapidly expanded over the past decade. Oncolytic viruses constitute a promising
new class of anticancer agent because of their ability to selectively infect and destroy
tumor cells. Engineering of viruses to express anticancer genes and specific cancer
targeting molecules has led to the use of these systems as a novel platform of
metastatic cancer therapy. In addition, stem cells have a cancer specific migratory
capacity, which is available for metastatic cancer targeting. Prodrug activating enzyme
or anticancer cytokine expressing stem cells successfully inhibited the proliferation
of cancer cells. Preclinical models have clearly demonstrated anticancer activity
of these two platforms against a number of different cancer types and metastatic
cancer. Several systems using therapeutic stem cells or oncolytic virus have entered
clinical trials, and promising results have led to late stage clinical development.
Consequently, metastatic cancer therapies using stem cells and oncolytic viruses
are extremely promising. The following review will focus on the metastatic cancer
targeting mechanism of therapeutic stem cells and oncolytic viruses, and potential
challenges ahead for advancing the field.

INTRODUCTION

Cancer metastasis, which is a multiple process in
which malignant cells spread from the primary site to
colonize distant organs, is one of the greatest challenges
in cancer treatment. Although metastasis is responsible
for more than 90% of cancer associated mortality, it is
difficult to diagnose and treat [1]. For many patients,
metastasis has already occurred by the time when they
are diagnosed with primary cancer. Depending on the
type of cancer, metastasis shows various modalities. In
breast cancer, metastasis of the primary tumor is difficult
to detect and could remain latent for many years. Latent
cells are then activated by unknown factors, resulting in
formation of incurable lesions. Conversely, small cell
lung cancer has often metastasized to multiple organs at
the time of initial diagnosis [2]. Only a small number of
patients with metastatic cancer can be successfully treated
by conventional strategies such as surgical removal,

chemotherapy and radiotherapy [3]. Therefore, it is
necessary to develop a new strategy to prevent metastasis
or treat existing metastases.

Conventional strategies of cancer therapy, including
surgical resection, chemotherapy, radiotherapy and
immunotherapy, have made significant contributions
to cancer treatment. However, many people suffer from
side-effects such as insufficient anti-cancer effects that
involve drug resistance and systemic adverse reactions
due to off target effects [4]. For example, one of advanced
methods for metastatic breast cancer included monoclonal
antibody that binds to the breast cancer specific HER2/
neu receptor to interfere HER2 signaling pathway. As
results, inhibition of downstream signaling pathways,
cell cycle arrest and a reduction in angiogenesis occurred
[5]. This method is very effective for metastatic breast
cancer treatment, but it is only effective on breast cancer
that expresses the HER2/neu receptor. In addition, some
cancer patients acquired resistance to Trastuzumab during
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the period of administration [6, 7]. Another major problem
associated with conventional cancer therapy is incomplete
elimination of the invasive primary tumor masses, which
cause metastasis to multiple organs, and tumor cell
dormancy that leads to disease recurrence [8, 9]. Therefore,
the recent goal of new therapies has been development of
cancer treatments that have sufficient therapeutic capacity
with little or no toxicity to normal cells. To achieve this
goal, a better understanding of the detailed mechanisms
of cancer using the latest biotechnology and innovative
anti-cancer technologies is needed.

A mechanistic understanding of the metastatic
process is important to development of anti-metastatic
therapies that could reduce patient mortality. The
metastatic process is initially derived from gene
mutations that correlate with proliferative ability. Cells
in normal tissues only divide when they receive growth
stimulatory signals from other cells and stop dividing
when they receive growth inhibitory signals; however,
gene mutations providing the ability to be split ignore
these signaling factors [10]. Additionally, these oncogenic
mutations cause the cells to maintain progenitor like
phenotypes and generate oncogenically transformed
cells from normal cells. However, many studies using
oncogene driven mouse models have shown that cancer
did not automatically metastasize to distant organs
and that oncogenic transformation is not sufficient for
metastatic potential [11]. This is because metastasis is a
very complicated process that involves a number of genes
associated with tumor cell invasion from the primary
tumor to the bloodstream, circulation and exit from the
circulatory system to distant organs, and then angiogenesis
and colonization of the distant organ [12]. Because of the
complexity, metastatic cancer treatment appears to be
difficult.

In this review, we will discuss recent strategies for
the treatment of metastatic cancer based on stem cells
and oncolytic viruses. Many stem cells have intrinsic
tumor tropic properties that originate from chemokine
interactions with cancer cells. Using this property, we can
make a specific delivery system of anticancer molecules.
Stem cells can migrate towards tumor microenvironments
and eliminate tumors, enabling site specific delivery.
Furthermore, stem cells can be modified to stably
express various anticancer agents including cytokines
and prodrug activating enzymes for induction of cancer
apoptosis and removal of specific tumors. In addition,
oncolytic viruses are a therapeutically useful system
that can be used to selectively infect and damage tumor
tissues without off target effects on normal tissues. Each
virus has a specific cellular tropism that determines which
tissues are preferentially infected. Viruses then increase
in the tumors and destroy them, after which they infects
another tumor cell. Viral oncotherapy can also be modified
to increase tumor selectivity and enhance oncolytic
activity. For example, some viruses have been modified

to express capsid proteins that bind with specific cancer
types and conditionally express the genes involved with
the activation of host immune system. These two strategies
will be able to complement the drawbacks of conventional
cancer therapy.

THERAPEUTIC STEM CELL FOR
METASTATIC CANCER

Specific tumor tropism of stem cells

Stem cells can trace cancer cells and tumor regions,
which makes them very useful for tracing metastatic
cancer and carrying anti-metastatic molecules. Various
chemokine-chemokine receptor interactions are important
to recognition of tumor cells and tumor tropism of stem
cells. Stromal cell derived factor 1 alpha (SDF-1a) and
its receptor, CSC chemokine receptor 4 (CXCR4), have
been identified as key molecules responsible for the
tropism of stem cells in many cancers [13]. According
to the results, the SDF1a -CXCR4 signaling pathway
plays a major role in the tumor specific migration of
commonly used stem cell types, including mesenchymal
SCs, embryonic SCs and induced pluripotent SCs [14-16].
Stem cell surface CXCR-4 binds with SDF-1a secreted
by cancer cells, which stimulates stem cells to express
more CXCR-4. Moreover, overexpression of the CXCR4
using gene transfection of human umbilical cord blood
derived MSCs increased the migratory capacity of MSCs
toward gliomas [15]. These results show the possibility
to further increase migration capacity toward metastatic
cancer via stem cell engineering. Other signaling pathways
have been found, including urokinase type plasminogen
activator (uPA) - uPA receptor (uUPAR) and vascular
endothelial growth factor receptor 2 (VEGFR2) [17, 18].
The degree of migration of stem cells towards a tumor
is affected by diverse factors, including the nature of the
stem cell, type of cancer and tumor microenvironment.
Additional research is needed to better understand the
factors influencing the migratory capacity of stem cells
that allow the therapeutic potential for metastatic cancer
treatment to be increased while reducing side effects of
these stem cells.

Strategies for metastatic cancer treatment using
stem cells with anti-metastatic genes

Stem cells have intrinsic antitumor effects that
occur through various factors secreted by stem cells and
physical interactions of stem cells with tumor cells [19,
20]. However, unmodified stem cells are insufficient
to treat cancers, and stem cells are typically engineered
using viral transduction to express anticancer and anti-
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Table 1: Therapeutic gene transfer by stem cells for metastatic cancer treatment

Gene Function References
TNF-related apoptosis inducing ligand (TRAIL) | P100° 1o death receptor and induces tumor cell| )
. Stimulate the secretion of TNF-a and IFN-y, which
CD40 ligand activate the caspase 3/7 pathway [24,23]
Type I interferon ir;jlluce S-phase accumulation and apoptosis of tumor [27, 28]
Interleukin 12 (IL-12) Stimulate the IFN-y secretion and recruitment of tumor [29]
specific T-cell

Cytosine deaminase

Convert prodrug (5-FC) to activated drug (5-FU) [32, 33]

Carboxylesterase Convert prodrug (CPT-11) to activated drug (SN-38) |[34]
Vesicular stomatitis virus glycoprotein Induce cell to cell fusion and promote the formation of [37]
(VSV-G) multinucleated syncytia, eventually causing cell death

metastatic molecules. Stem cell secretion of therapeutic
molecules can initially be divided into two categories
depending on whether they directly target tumor cells
or support immune system. Direct targeting molecules
include the pro-apoptotic protein tumor necrosis factor
related apoptosis inducing ligand (TRAIL), which binds
to death receptor 4 (DR4) and DRS5 and induces tumor
cell apoptosis [21]. CD40 ligand is another pro-apoptotic
molecule that binds to CD40 expressed on the tumor
cell surface [22-24]. Membrane bound CD40 ligand
triggered tumor cell apoptosis via activation of JNK/
activation protein-1 and stimulated the secretion of both
tumor necrosis factor alpha and interferon gamma, which
ultimately activated the caspase 3/7 pathway [25, 26].
Neural stem cells derived from induced pluripotent stem
cells transduced with baculovirus encoding CD40 ligand
sufficiently inhibited tumor development in a preclinical
model [27]. In addition, CD40 ligand expressing
endothelial progenitor cells (EPCs) successfully migrated
toward metastatic breast cancer lesions in the lung and
induced tumor apoptosis [28]. Using cytokines such as the
type I interferon family (IFN-a and B) to induce S-phase
accumulation and apoptosis of tumor cells is another
strategy for inhibition of proliferation pathways of the
cancer and associated cells [29]. Interferon expressing
stem cells have been shown to inhibit tumor growth in
various preclinical cancer models [30, 31]. Secretion of
interleukins that can stimulate immune system against
tumor microenvironments has also been tested. Human
MSCs have been engineered to secrete IL-12 and tested
in preclinical metastatic hepatoma models. These studies
revealed that the presence of IL-12 expressing stem
cells could modify the immune profile of the tumor
microenvironment. Moreover, the level of IFN-y that
is critical for innate and adaptive immunity activation
increased. This change causes activation of natural killer
cells and recruitment of tumor specific CD8+ T cells [32]
as shown in Figure la. In addition, Table 1 summarizes
the therapeutic gene transfer by stem cells for metastatic
cancer treatment.

Strategies for metastatic cancer treatment using
stem cells with prodrugs

Stem cell mediated suicide gene therapy is another
strategy for killing tumor cells. Stem cells are engineered
to express an enzyme that converts a non-toxic prodrug
into a cytotoxic drug that can efficiently kill tumor
cells via the bystander effect. Cytosine deaminase (CD)
and 5-fluorocytosine (5-FC) are well-known suicide
gene systems. E. coli cytosine deaminase can convert a
prodrug, 5-FC, into its active drug, 5-FU. The metabolite
of 5-FU (fluorodeoxyuridine monophosphate) binds to
the nucleotide binding site of the thymidylate synthase
and dNTP in tumor cells becomes imbalanced, which
can cause DNA damage and cell apoptosis [33]. In
addition, carboxylesterase converts the prodrug irinotecan
(CPT-11) to the potent topoisomerase I inhibitor SN-38.
Topoisomerase I catalyzes DNA unwinding, which is a
critical step in DNA replication and transcription. SN-38
binds to the DNA-Topoisomerase I complex, inhibiting
ligation of the nicked DNA strand. Moreover, the SN-38-
DNA-Topoisomerase I complex interrupts the movement
of DNA polymerase along the DNA strand and induces
tumor cell apoptosis [34]. The CD-5-FC system has
been used in modified MSCs and NSCs and applied in
metastasized preclinical models, where it could selectively
treat metastasized cancer and inhibit tumor growth [35,
36]. In addition, human NSCs expressing carboxylesterase
have been shown to be effective in preclinical models
of metastatic lung cancer [37]. Furthermore, stem
cell mediated suicide gene therapy has the additional
advantage of the stem cell being eliminated after its
therapeutic effect, which reduces side effects owing to
long term retention [38] (Figure 1b).

Other strategies for inducing antitumor effects
have also been studied. For example, using the vesicular
stomatitis virus glycoprotein (VSV-G), which is one
of the fusogenic membrane glycoproteins (FMGs) in
neural stem cells, is a notable strategy for targeting tumor
microenvironments [39]. VSV-G expressed in the neural
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stem cell membrane can induce rapid and extensive cell-
to-cell fusion and promote the formation of multinucleated
syncytia with cancer cells, eventually causing cell death.
To specifically kill tumor cells, they engineered a pH
sensor of VSV-G and generated a novel VSV-G mutant
that efficiently promotes syncytium formation at the
tumor extracellular pH (pH 6.8), but not at pH 7.4. In a
preclinical metastatic breast cancer model, this system

a. Expression of antitumor molecules

TRAIL
Secretion O

“ CD40L
@
IFN

Stem cell IL-12

b. Expression of prodrug activation enzyme

<>

successfully inhibited cancer progression following
systemic stem cell administration [40] (Figure 1c).

Limitations of the stem cells based cancer therapy

Cancer treatments using stem cells have made
improvements in regards to specific targeting of tumors,

Induce apoptosis and
inhibit proliferation

wp

Tumor cell

Inhibit replication of

Stem cell

c. Expression of syncytium inducing factor

VSV-G
Interaction only
in tumor
microenvironment
Stem cell

> tumor cell and induce
apoptosis of tumor

Tumor cell
Promote syncytium
“ formation and induce
apoptosis of tumor
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Figure 1: Engineered stem cells for metastatic cancer treatment. a. Stem cells can be engineered to secrete antitumor molecules
that function directly on tumor cells. For example, TRAIL, CD40L, IFN, and IL-12 bind to their receptors expressed by tumor cells
and induce apoptosis. b. Stem cells can be engineered to express prodrug activating enzymes, including cytosine deaminase (CD) or
carboxylesterase (CE), which converts a prodrug into a cytotoxic molecule. This induces suicide of the stem cell and apoptosis of tumor
cells. ¢. Stem cells can be modified to express a syncytium formation factor on their membrane. The vesicular stomatitis virus glycoprotein
(VSV-G) expressed on the stem cell surface bind with the tumor membrane. As a result, syncytium formation is promoted by stem cell in

tumor microenvironment condition and induced tumor apoptosis.
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Table 2: Therapeutic gene transfer by viruses for metastatic cancer treatment

Gene

Function

References

Granulocyte macrophage colony-stimulating
factor (GM-CSF)

Stimulate adaptive immunity against tumor associated
antigen

[56, 57]

Interleukin — 12 (IL-12)

Stimulate the IFN-y secretion and recruitment of tumor
specific T-cell

[58, 59]

KAIl

Inhibit the EGFR signaling, which associated with cell
motility

[61]

NM23

Reduce the cell flexibility necessary for cytoskeleton
plasticity and cell motility

[62-65]

TGF-B receptor II (TGF-BRII)

Bind with TGF-B and inhibit the TGF-B signaling
pathway, which associated with cancer metastasis

[69]

Osteoprotegerin linked Immunoglobulin G
(OPG linked IgG)

Bind with nuclear factor kappa-B ligand (RANKL),
which associated with microenvironmental conditions to
influence cancer cell metastasis

[70 - 72]

but a few obstacles must still be overcome prior to clinical
application. The main concern is tumorigenicity of the
stem cell and cell fate after systemic administration. To
prevent therapeutic stem cells from forming tumors or
aberrantly differentiating in the host, the tumorigenicity
or differentiation potential should be tested in preclinical
models. In addition, immortalized stem cells with
therapeutic gene inserts may solve the difficulty of mass
culture of stem cells and enable their stability in tumors.
Therefore, it is important to develop a new strategy for
mass culture of stem cells to ensure the ability of a suicide
gene to perfectly eliminate stem cells after therapy.
Therapeutic modifications could adversely affect the safety
of stem cells. Therapeutic stem cells or secreted proteins
interrupt host tolerance to self-antigens, which provokes
additional complications in the patient and immune
responses that might impair therapy. Improvement of stem
cell specificity through detailed investigations of tumor
tropism could relieve possible side effects.

ONCOLYTIC VIROTHERAPY

The idea of oncolytic virotherapy originates from
clinical reports of cancer regression caused by viral
infection and is currently being developed by genetically
modifying viruses for the selective infection and
destruction of cancer cells [41].

Tumor specific targeting strategies

The specificity of oncolytic viruses for tumors is
very important to clinical trials. Many viruses have a
natural specific tissue tropism for cell surface proteins
that are overexpressed by cancer cells. This characteristic
is very useful for metastatic cancer tracing. For example,
measles virus recognizes the surface receptor CD46
(complement regulatory protein) for cell infection. CD46
is a cofactor for inactivation of complement components
that is often overexpressed in cancer cells [42]. Herpes
simplex virus uses the herpesvirus entry mediator

(HVEM) and nectins which are overexpressed on the
surface of cancer cells [43]. Coxsackievirus can recognize
cell surface glycoprotein (intracellular adhesion molecule
1; ICAM-1) and GPI-anchored membrane protein (decay
accelerating factor; DAF), which are overexpressed in
cancers including melanoma and breast cancer [44, 45].
The enterovirus family inhibits expression of CD155, a
key ligand in NK cell-mediated suppression of metastases
that is overexpressed by some cancer cells [46].
Oncolytic viruses can be engineered to directly
bind to unique surface molecules of cancer cells. This
modification could assign additional specificity for
metastasized tumor cells by improving infection of tumor
tissues and decreasing infection of healthy tissues. This
specificity can be achieved by modifying or combination
protein of virus that require for cancer cell recognition. For
example, glioma cells overexpress CD16 and CD80/86,
which bind with adenovirus serotype 3 [47, 48]. Based
on these findings, a chimeric adenovirus vector (Ad5/3)
contains the backbone of adenovirus serotype 5 fiber with
an adenovirus, serotype 3 knob. The Ad 5/3 chimeric
virus exhibits increased targeting capabilities for cell lines
analyzed in vitro by at least ten-fold. These data suggest
an improved safety of Ad 5/3 in the setting of malignant
glioma [49]. The adenovirus Ad5/3-A24 was modified to
bind to CD46, which are highly expressed in metastatic
renal cancer and significantly increased antitumor effects
in a preclinical model [50]. Other examples of engineered
specificities include lentiviruses pseudotyped with Sindbis
virus, which targeted human P-glycoprotein ectopically
expressed on the surface of melanoma cells. This oncolytic
virus successfully targeted metastatic melanoma cells after
systemic administration by tail vein injection [51].
Another strategy is a tumor specific transcriptional
targeting using tumor specific promoters and microRNA
target sequences. This strategy can restrict virus replication
in off-target tissues. For example, adenovirus replication
is correlated with their ability to promote cell cycle entry
into the G1 phase through the viral immediate early
protein E1A. Therefore, tumor specificity is achieved by
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a. Expression of Immunostimulatory factor

Oncolytic virus

Induce oncolysis of
tumor cell
Gene expressed “
Immunostimulatory factor by tumor cell Recruit immune cells
gene . .
(GM-CSF, IL12) which against tumor
Tumor cell
b. Expression of antimetastatic factor
Oncolytic virus
Infection
Induce oncolysis of
Gene expressed ‘l tumor cell
Antimetastatic factor gene by tumor cell

Block the metastasis
pathway

(KAIL, NM23, modified IgG OPG)

Tumor cell

c. Combination with stem cell

Engineered oncolytic virus

Specific migration

Stem cell T Tumor cell

Induce oncolysis of tumor cell

Recruit immune cells which
against tumor

Figure 2: Oncolytic virotherapy strategies for metastatic cancer treatment. a. Inmunostimulatory factors (GM-CSF, IL-12)
that are expressed in infected tumor cells recruit immune cells that induce tumor cell apoptosis. b. Anti-metastatic factors that are expressed
in infected tumor cells block the metastasis pathway of the tumor cell and kill the tumor via their oncolytic capacity. ¢. Oncolytic virus
infected stem cells replicate within the stem cells, which then migrate toward tumor lesions and release oncolytic viruses that infect tumor
cells and induce oncolysis.
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Table 3: Clinical trials for current stem cell cancer therapy

Stem cell Name Modification Phase |References *

Mesenchymal stem cell GX-051 IL-12 expression 1 NCT02079324
N/A Loading oncolytic adenovirus (ICOVIR-5) 1 NCT01864759

Neural stem cell N/A Cytosine deaminase expression 1 NCT02015819
N/A Carboxylesterase expression 1 NCT02192359

*NCT number is the identifier number on ClinicalTrials.gov.

Table 4: Clinical trials for current oncolytic virotherapy

Virus Name Modification Phase | References *
Herpesvirus T-VEC ICP34.5(-), GM-CSF expression 2 NCT02658812
G207 1CP34.5(-), ICP6(-) 1/2 NCTO00028158
CG0070 E2F promoter, GM-CSF expression 3 NCT02365818
Adenovirus ICOVIR-5 | E2F promoter, E1A(-) 1 NCT01864759
OBP-031 hTERT promoter 1/2 NCT02293850
N/A IL-12 expression 1 NCT00406939
Retrovirus Toca511 Cytosine deaminase expression 1 NCT01470794
Vaccinia virus JX-594 GM-CSF expression 1 NCT01380600
Vesicular stomatitis virus | VSV-hIFNP | Interferon- expression 1 NCT01628640

*NCT number is the identifier number on ClinicalTrials.gov.

placing the E1 A gene under transcriptional regulation of a
tumor specific promoter [52], CXCR4 in breast cancer and
prostate specific antigen (PSA) promoter in prostate cancer
[53, 54]. Another strategy is the application of microRNA
targeting oncolytic viruses based on the discovery of
differential expression patterns of micro RNA in tumor
and normal tissues [55]. For example, the expression
of let-7 is functionally linked to tumors, regulating the
over-expression of proto-oncogenes, and reflecting the
differentiation state of tumors [56]. Incorporation of
let-7 microRNA complementary sequences within the
3’ untranslated region (UTR) of the wild-type matrix
protein of the VSV gene plays an essential role in viral
replication and eliminates unwanted replication and
associated toxicity in normal cells, but permits growth in
cancer cells [57]. In adenovirus, insertion of liver specific
microRNA (miR-122) binding sites in the 3’ UTR of the
gene encoding E1A of an oncolytic adenovirus decreased
its toxicity without sacrificing tumor killing activity in a
model of pancreatic cancer metastasis to the liver [58].

Strategies for metastatic cancer treatment using
viruses

After oncolytic virus infection, cancer cells are
destroyed by lysis. However, various strategies have been
studied to achieve the maximum therapeutic efficacy
for tumor cells. The therapeutic efficacy of oncolytic
viruses can be enhanced using strategies that enable
immunostimulatory factors to induce innate and adaptive
immune responses against tumors. One successful strategy
is the expression of granulocyte macrophage colony

stimulating factor (GM-CSF), which stimulates stem cells
to produce granulocytes and monocytes and stimulates
adaptive immunity against tumor associated antigens [59].
T-VEC is the most advanced herpes simplex virus based
oncolytic virus encoding the GM-CSF gene. In clinical
studies, T-VEC was shown to offer superior benefits
during treatment of metastatic melanoma [60]. A potent
anticancer molecule, IL-12, is an interleukin produced
by dendritic cells in immune response, and treatment of
cancer stimulates the production of interferon-gamma
(IFN-y) and tumor necrosis factor-alpha (TNF-a) from
T cells and NK cells [61]. In a preclinical model of
metastatic pancreatic cancer, the IL-12 gene inserted
adenovirus significantly inhibited tumor cell growth [62]
(Figure 2a).

Transfer of metastatic suppressor genes or targeting
metastasis related molecules is an effective strategy of
targeting metastatic cancer. One of the tumor suppressor
proteins, KAIl, plays a key role in downregulation of
epidermal growth factor receptor (EGFR) signaling, which
is associated with increased receptor desensitization and
endocytosis [63]. An adenovirus expressing KAIl is
applied in an orthotopic mouse model with non-small cell
lung cancer lymphatic metastasis, which has decreased
lymphatic metastasis but not decreased primary tumor
volume [64]. Reduced NM23 expression has been shown
to be significantly associated with metastatic behavior in
many cancer types [65-67]. Liver metastasis of ovarian
cancer and animal survival time were measured after
transfer of a recombinant adenovirus expressing NM23
into the preclinical model. A significant reduction in
the number of animals developing liver metastases and
prolongation of median survival time was observed
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relative to the untreated group [68]. Some studies have
suggested that overexpression of the transforming growth
factor beta (TGF-B) pathway is associated with breast
cancer bone metastases [69-71]. Based on these results,
modified adenoviruses expressing soluble form of
transforming growth factor-beta receptor 11 (TGF-BRII)
fused with human immunoglobulin Fc¢ fragment could
bind with TGF-$ and successfully inhibit breast cancer
with bone metastasis in a mouse model [72]. Similarly,
an adenovirus expressing soluble osteoprotegerin (OPG)
linked to the Fc portion of immunoglobulin G (IgG)
is also effective at inhibiting the progression of bone
metastasis of breast cancer [73]. Osteoprotegerin (OPQG)
acts as a decoy receptor for receptor activator of nuclear
factor kappa-B ligand (RANKL), which allows sufficient
microenvironmental conditions to influence cancer cell
migration (Figure 2b) [74, 75].

Several studies have also explored the possibility of
combining oncolytic viruses with stem cells to improve
delivery [76]. The therapeutic efficacy of an oncolytic
virus is determined by clearance of the virus by the host
immune system following systemic and intratumoral
administration. Stem cells infected with oncolytic virus
migrated to the tumor and locally released undamaged
oncolytic viruses. hMSCs have recently been shown
to function as effective carriers to deliver oncolytic
viruses. In a preclinical model, hMSC transduced with
conditionally replicating adenoviruses significantly
suppressed pulmonary metastasis of breast cancer through
viral amplification in hMSCs [77]. In addition, stem
cell delivery of oncolytic viruses has been shown to be
effective in several preclinical cancer models, such as
ovarian cancer and hepatocellular carcinoma [78, 79].
Thus, hMSCs may be an effective platform for the targeted
delivery of oncolytic viruses to distant cancer sites such
as metastatic breast cancer (Figure 2¢). In addition, the
therapeutic gene transfers by tumor-tropic viruses were
shown for metastatic cancer treatment (Table 2).

Limitations of the virotherapy

The development of oncolytic viruses as therapeutic
agents for metastatic cancer requires careful attention
to establish appropriate clinical trial designs, as well as
dosing regimens to minimize possible side effects. The
most important technical challenge to overcome is the
need to enhance tumor selectivity to decrease off target
effects after systemic delivery of the oncolytic virus. The
other major obstacle to successful application of viral
therapy is neutralization of the virus by the host antibody.
Many species of viruses are used in oncolytic virotherapy,
and most people have already been exposed to the virus
through previous vaccination or infection. Therefore,
circulating antibodies can inhibit the oncolytic virus before
it reaches the tumor site. Immune suppression agents and
the aforementioned stem cell transport strategy is currently

being investigated to solve this problem.

CONCLUSIONS

Metastasis of cancer is one of the main factors
leading to patient death. The unique properties of
metastatic cancer, including their small size, high
multiplicity and spread to multiple organs make it difficult
to treat. Although conventional cancer treatment strategies
have shown a lot of progress, they have been limited in
metastatic cancer by recurrence of cancer, induction of
drug resistance and systemic side effects after treatment.
Accordingly, new strategies are needed to treat metastatic
cancer.

Stem cell based and oncolytic virus strategies
have many potential benefits. Stem cell based therapies
are emerging as promising strategies to treat metastatic
cancer. Multiple types of stem cells have been shown
to exhibit natural tropism towards tumors. In addition,
when engineered to express therapeutic agents including
prodrug activation enzymes, cytokines and oncolytic
viruses, these vehicles can deliver treatments to target
sites of metastasized tumor lesions and effectively kill the
cancer cell. Many metastatic cancer models have shown
therapeutic stem cells to be safe and effective. In addition,
clinical trials using promising therapeutic stem cells are
under investigation and summarized in Table 3.

Oncolytic virotherapy has rapidly advanced in
a relatively short period through virological studies.
In the early stage, oncolytic viruses destroyed tumors
by their oncolysis ability alone; however, transduction
of therapeutic transgenes and combination with other
anti-tumor agents has enhanced the potency of the
oncolytic virus platform. In addition, tumor selectivity
has progressed via oncolytic virus particle modification,
serotype changes and use of tumor specific activated
promoters. Application of improved oncolytic viral
constructs that can be delivered systemically or
intratumorally will lead to effective treatments for
metastatic cancer patients. Table 4 summarized promising
clinical studies, which employ oncolytic viruses.

Despite these advances, additional research is
needed to develop safer strategies and a lot of validation
is required before preclinical models can be applied to
humans. By understanding of metastatic processes and
biological mechanisms that specifically drive each step
of metastasis, we can develop more advanced therapeutic
stem cells and strategies of oncolytic virotherapy, which
are highly promising approaches to the treatment of
metastatic cancer.
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