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Purpose: Colorectal cancer (CRC) is one of the most common causes of cancer death through-
out the world. Replication-competent viruses, which are naturally able to infect and lyse tumor
cells, seem to be promising in this field. The aim of this study was to evaluate the potential of
oral poliovirus vaccine (OPV) on human CRC cells and elucidate the mechanism of apoptosis
induction.

Materials and methods: Protein and gene expression of poliovirus (PV) receptor (CD155)
on four human CRC cell lines including HCT116, SW480, HT-29, and Caco-2 and normal fetal
human colon (FHC) cell line as a control were examined by flow cytometry and SYBR Green
Real-Time PCR, respectively. Cytotoxicity of OPV on indicated cell lines was tested using
MTT assay. The ability of OPV on apoptosis induction for both intrinsic and extrinsic pathways
was examined using caspase-8 and caspase-9 colorimetric assay kits. The PV propagation in
mentioned cell lines was investigated, and the quantity of viral yields (cells associated and
extracellular) was determined using TagMan PCR.

Results: CD155 mRNA and protein were expressed significantly higher in studied CRC cell lines
rather than the normal cell line (P=0). OPV induced cell death in a time- and dose-dependent man-
ner in human CRC cells. Apoptosis through both extrinsic and intrinsic pathways was detected
in CRC cells with the minimum level found in FHC. PV viral load was significantly correlated
with apoptosis via extrinsic (R=0.945, P=0.0001) and intrinsic (R=0.756, P=0.001) pathways.
Conclusion: This study suggests that OPV has potential for clinical treatment of CRC. However
further studies in animal models (tumor xenografts) are needed to be certain that it is qualified
enough for treatment of CRC.

Keywords: oncolytic virotherapy, oral poliovirus vaccine, colorectal cancer cells, apoptosis,
CD155

Introduction

Colorectal cancer (CRC) is one of the most common causes of cancer death through-
out the world with equal mortality in both genders. It occurs as a result of multistep
processes caused by the accumulation of genetic/epigenetic changes.! In Iran, CRC is
regarded as the fourth leading cause of death? and the third most commonly diagnosed
cancer.’ Regular CRC screening is one of the most powerful weapons against CRC.
Screening can often find CRC early, when it is small, has not spread, and might be
easier to treat. Regular screening can even prevent CRC. When CRC is found at an
early stage before it has spread, the 5-year relative survival rate is ~90%. However,
only approximately four out of 10 CRCs are found at this early stage. When cancer has
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spread outside the colon or rectum, survival rates are lower.*
Radiotherapy and chemotherapy, which are commonly used
for treating cancers, act in an unspecific manner and cause
damage to normal cells and even surrounding noncancerous
tissues.! Despite huge advances made in diagnosis, surgery,
and systemic therapy, the disease still remains one of the
most common causes of death, highlighting the necessity
to invent new strategy to combat the disease.>® The most
common site of metastases for CRC is the liver;”® therefore,
liver resection is a common choice for treating the disease.’
Unfortunately, two-thirds of patients with successful liver
resection may experience the disease recurrence, possibly
due to microscopic residual disease.!® Moreover, only one-
third of patients with unresectable liver metastases respond to
palliative chemotherapy.!! These drawbacks in treatment have
stimulated the quest for novel therapies that are applicable.
Replication-competent viruses, which are naturally able to
infect and lyse tumor cells but not normal cells, seem to be
promising in this field.'?

Viral oncolysis seems to be a new alternative for cancer
treatments, which can combat cancer through different
mechanisms and can lead to tumor cell lysis through viral rep-
lication or expression of viral cytotoxic proteins.!* The use of
viruses for treatment of human cancers has been investigated
for almost 50 years.'*!'7 Virotherapy can overcome potential
resistance mechanism developed against standard therapies.
Oncolytic virus (OV) not only possesses unique mechanisms
of action but also its self-perpetuating nature provides an
ideal platform for therapeutic transgenic insertion.'® Major-
ity of tumor cells are resistant to antiproliferative effects of
interferons (IFNs) due to various defects in the IFN signal-
transduction pathway'® that makes these cells more sensitive
to IFN's with a variety of viruses.?*2* Therefore, viruses have
engineered to have the ability to selectively replicate in tumor
cells?? or encode a cytotoxic protein inducing “suicide gene”
expression.?’ Besides engineered DNA viruses (such as ade-
novirus, herpes simplex virus, vaccinia virus, and parvovirus)
that replicate specifically in tumor cells, RNA viruses with
inherent tumor specificity have been developed as well. These
OVs include reovirus,?® Newcastle disease virus,” measles
virus,* vesicular stomatitis virus,® poliovirus (PV),*! mutant
HSV (herpes simplex virus),* mutant VZV varicella zoster
virus),* and nonpathogenic enterovirus B.* OVs such as the
PV can independently destroy tumor cells without waiting
for the host genes to be expressed. The exact mechanism of
PV-mediated cytolysis still remains unclear. Combination
of shutoff of cellular protein synthesis, inhibition cellular

glycoprotein transportation, and the proteolytic digestion of
transcription factors have been reported to completely destroy
primary cell lines.?!

PV, the causative agent of paralytic poliomyelitis, is a
non-enveloped positive-stranded RNA virus belonging to the
Picornaviridae family. Oral poliovirus vaccines (OPV) are
predominantly used in the fight to eradicate polio. There are
different types of OPV, which may contain one, a combination
of two, or all three different serotypes of attenuated vaccine.
PV allows selective targeting of motor neurons via the distri-
bution of its cellular receptors CD155 (also known as polio-
virus receptor [PVR]) and nectin-like molecule-5.33* CD155
has a critical role in cell adhesion, migration, polarization,
and proliferation.>> CD155 expression has been reported to
significantly increase several human cancers with various
origins, including epidermoid carcinoma, breast carcinoma,
osteocarcinoma, colorectal carcinoma, neuroblastoma, and
glioblastoma.?*3® CD155 can be used as a unique tumor
marker for future PV virotherapy, because it is dominantly
expressed in tumor cells.?¢’

Results of our previous study indicated that CD155
expression is significantly elevated in CRC cell lines.* The
aim of this study was to evaluate the potential of OPV in cell
death induction by activating apoptosis pathway in CRC cell
lines rather than normal colon cell lines in order to use as a
potential therapeutic agent.

Materials and methods

Cell lines

Four human colon adenocarcinoma cell lines including
HCT116 (C570), SW480 (C506), HT-29 (C466) and Caco-2
(C139) were obtained from National Cell Bank of Iran
(NCBI). Fetal human colon (FHC) (CRL-1831) cell line was
obtained from American Type Cell Culture (ATCC).

Cell culture

HCT116 and Caco-2 cell lines were cultured in DMEM
(F12). SW480 and HT-29 cell lines were adapted with
RPMI 1640 containing sodium bicarbonate and l-glutamine
(Thermo Fisher Scientific, Waltham, MA, USA). FHC (CRL-
1831) cell line medium and DMEM: F12 had an extra 10
mM HEPES (for a final concentration of 24 mM), 10 ng/
mL cholera toxins, 0.005 mg/mL transferrin, 0.005 mg/mL
insulin, and 100 ng/mL hydrocortisone. Cells were grown at
37°C and humidified 5% CO, atmosphere. CRC cell lines
were passaged twice a week. However, the normal colon cell
line was passaged once per 14 days.
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Total RNA extraction and real-time PCR
analysis

Total RNA was extracted from 3x10° of each cell lines accord-
ing to the TRI Reagent (Sigma-Aldrich Co., St Louis, MO,
USA) protocol, and reverse transcriptase was done with Revert
Aid First Strand cDNA Synthesis Kit from Thermo Fisher
Scientific (Lithuania) using 4 ug of RNA as template and
according to the manufacturer’s instructions. SYBR Green
Real-Time quantitative PCR analysis was carried out using
an ABI Prism 7300 sequence detector system (Applied Bio-
systems, USA), and -actin gene was used as an endogenous
housekeeping gene for normalization. All primer sets are listed
in Table 1*° and were purchased from Bioneer (Daejeon, South
Korea). The primers used to quantify expression of CD155
gene were located in a region corresponding to the extracel-
lular domain of the protein, which is conserved in all spliced
variants. Real-time quantitative PCR cycling conditions were
as follows: an initial step at 95°C for 15 minutes, followed by
40 cycles of 95°C for 15 seconds and 60°C for 30 seconds. All
assays were performed in triplicate and repeated three times.

Flow cytometry

All cell lines were trypsinized and counted as 5-10x10° cells/
tube to be suitable for flow cytometry analysis. All cell lines
stained with phycoerythrin (PE) antihuman CD155 (PVR)
antibody (BioLegend, San Diego, CA, USA) and with PE
Mouse 1gG2a, k Isotype Control (BioLegend) were then
analyzed by a flow cytometer (Accuri™ C6; BD Biosciences,
San Jose, CA, USA).

Endpoint titration assay (50% tissue

culture infectious dose [TCID, ])

An OPV containing the Sabin 1 and 3 strains (Razi Vaccine
and Serum Research Institute, Karaj, Iran) was used as an
OV. The virus titer was determined by measuring the 50%
TCID, in all cell lines. Briefly, normal and all CRC cell lines
suspended in a suitable culture medium (as described in the
“Materials and methods” section) were seeded in a 96-well

Table | Primer sequences and their nucleotide binding site for
expression of CD155 using real-time PCR*

Primer Sequence PCR

name product
size (bp)

Pol/F 5-TGGACGGCAAGAATGTGACC-3’ Ié

Pol/R 5’-ATCATAGCCAGAGATGGATACC-3’

B-actin/F 5’-GTCTGCCTTGGTAGTGGATAATG-3" | 120

B-actin/R | 5-TCGAGGACGCCCTATCATGG-3’

micro titer plate at a density of approximately 3.6x10* cells/
well and allowed to grow for 24 hours at 37°C in a humidi-
fied 5% CO, environment. The cellar monolayers were thor-
oughly washed with PBS (pH=7.4) and then incubated with
virus (100 pL/well, different dilutions of —1:10 to 1:10°).
After 1 hour virus attachment, the viruses containing media
were depleted and the wells filled with fresh mediums. The
virus-infected cell cultures were then maintained at 37°C in
ahumidified 5% CO, environment in FBS-free medium (100
uL/well) until complete cytopathic effect (CPE) was visible
(up to 7 days). When complete CPE happened, the cells were
photographed using microscopy, and those with observable
CPE (230% of well surface) were marked as “positive CPE”
and otherwise were marked as “negative CPE”. Further cal-
culations were conducted using the Reed—Muench formula.

MTT assay

Initially, a 1:2 dilution of the OPV stock with determined
TCID,, was prepared followed by a further 10 log, dilutions
and added to cells in quadruplet. Cells were seeded on 96-well
plates (1.0x10* cells per well) and treated with OPV at mul-
tiplicity of infection (MOI) of 8, 4, 2, 1, 0.5, 0.25, 0.125,
0.0625,0.031, 0.015, and 0.007 TCID, /cell. The plates were
incubated for 1 hour at room temperature for virus attachment.
The virus-containing media were depleted, and fresh serum-
free equivalents were added to the wells. After 24 and 48 hours
incubation at 37°C in a humidified atmosphere containing 5%
CO,, the viability was assayed using the MTT test. In all, 20
UL of the 100 uL. of MTT solution (at a final concentration of
0.45 mg/mL, prepared in serum-free RPMI; Sigma-Aldrich
Co.) was added to each well and incubated at 37°C. After 4
hours, the solution was decanted and the wells were filled with
100% dimethyl sulfoxide (DMSO; Sigma—Aldrich Co.). The
plate was shacked slightly to solubilize formazone crystals.
The color change was measured using a microplate reader
(BioTek, Winooski, VT, USA) at wavelengths of 570-630 nm.

Apoptosis detection by measuring

caspase activity

To demonstrate whether cell death in CRC cells following
treatment with PV was due to apoptosis, the occurrence of
apoptotic cell death was examined using caspase colorimetric
assay. The activities of caspases-8/-9 were measured to signify
what mechanism (extrinsic or intrinsic pathway) is involved
in cell death. For this purpose, four human CRC cell lines
(SW480, HCT116, HT-29, and Caco-2) and a normal colon
cell line (FHC) were incubated in the presence of OPV at
an MOI from 8 to 0.003 TCID, /cell and their viability was

Oncolytic Virotherapy 2018:7

submit your manuscript 97

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhand et al

Dove

measured by the MTT assay. Apoptotic cells were detected
using caspase-8 and caspase-9 colorimetric assays. Summar-
ily, the cells were seeded in six-well plates (1.0x10° cells/well)
and incubated overnight at 37°C in a humidified atmosphere
containing 5% CO,. The cells were incubated with OPV (at
an MOI of 1, 0.5, and 0.25 TCID,/cell) for 1 hour at room
temperature. The virus-containing media were depleted, and
the wells filled with fresh serum-free equivalents. The plates
were incubated at 37°C in a humidified atmosphere contain-
ing 5% CO, for 24 and 48 hours, during which the activity
of caspase-8 and caspase-9 was assayed by FLICE/caspase-8
colorimetric assay kit (BioVision, Milpitas, CA, USA) and
caspase-9 colorimetric assay kit (BioVision), respectively.

Determination of PV viral load

Since OPV was able to induce apoptosis in all studied colon
cancer cells, we decided to investigate PV propagation in
these cells. To this mean, the cells were exposed to OPV for
24 hours (at the same titer used for apoptosis assay), and the
quantity of viral yields (cells associated and extracellular)
were determined using TagMan PCR. Briefly, monolayer of
~10° cells was infected with OPV with appropriate MOls.
After slowly stirring the dish for 60 minutes at room tempera-
ture, the cells were thoroughly washed with the medium to
remove unbound virus and then incubated in the serum-free
medium at 37°C for 24 hours. After virus inoculation, the
extracellular virus and the corresponding cell-associated
virus were recovered after three consecutive freeze—thaw
cycles. The suspensions were clarified by centrifugation
10,000 x g for 5 minutes at 4°C, and 200 puL of each super-
natant was used for RNA extraction using PureLink™ Viral
RNA/DNA Mini Kit, according to the manufacture’s instruc-
tion. Oligonucleotide primers and probe were designed as
listed in Table 2. Synthetic oligodeoxynucleotides were
prepared, purified, and analyzed. The degenerate primers
were used for amplifying PV sequences.

Amplification mixture containing 1X Super ScriptIIl
Platinum One-Step Quantitative RT-PCR System (Invitro-
gen), 100 ng of extracted RNA, 1.14 uM of forward primer
and 1.88 uM reverse primer, 0.28 UM pan PV probe, and

Table 2 Primers and probe used for determination of PV viral load

0.7 mM MgSO, was added. ROX (6-carboxy-X-rhodamine)
reference dye was used, and 0.35 mM of DTT (dithiothreito)
was added in a total volume of 35 uL of distilled water. The
reverse transcriptase and profile started with an initial reverse
transcriptase at 42°C for 45 minutes, followed by reverse
transcriptase inactivation for 3 minutes at 95°C. Real-Time
PCR program was started at 95°C for 24 seconds, followed by
40 cycles of amplification including denaturation for 30 sec-
onds at 44°C, ramp between annealing and extension for 30
seconds at 52°C, and primer annealing for 1 minute at 60°C.

Preparation of reference standards

For preparation of reference standards, RNA extracted
from 200 uL of the OPV with determined TCID,, was used
(Invitrogen) following manufacturer’s instructions and the
extracted RNA was serial diluted. A seven dilution series of
the reference standard was prepared with copy numbers as
follows: 0.4x10!, 0.4x10%, 0.4x10,> 0.4x10%, 0.4x10°, and
0.4x10% PV viral RNA copies/mL. The results of measure-
ments of each standard viral load were used for the design
of a general standard curve for mean C, values in order to
calculate copy numbers in samples of different cell lines
when mean values had to be compared.

Statistical analysis

CD155 expression level in cell lines was compared using
two-way ANOVA (post hoc) test. Statistical significance
was determined to be P<0.05. All statistical analyses were
performed using SPSS 22. Treatments for real-time PCR,
MTT assay, and TCID, were applied in triplicate, triplicate,
and quadruplicate, respectively.

Results
End point titration (TCID, ) for OPV

Results of our previous work® demonstrated that CD155 gene
expression is increased significantly (P<0.001) in all studied
human colon cancer cell lines compared to the normal cell
line. Quantification of obtained signal quantification indi-
cated that CD155 mRNA expression increases up to 491.14-,
461.44-,24.25-, and 12.04-fold in SW480, HCT116, HT-29,

Specificity Primer or probe(polarity)

Primer or probe sequence (5'—3)

Pan-PV

panPV/PCR-1(A) panPV/PCR-2(S) panPV/Probe2l (A)

AYRTACATIATYTGRTAIAC
CITAITCIMGITTYGAYATG
FAM-TGRTTNARIGCRTGICCRTTRTT-BHQI

Note: M, A, and C; R=A and T; |, degenerated base analog.
Abbreviation: PV, poliovirus.
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and Caco-2 cell lines, respectively. CD155 protein expres-
sion across four different human colon adenocarcinoma cell
lines and a normal human colon cell line as a control was
examined by flow cytometry analysis. CD155 was detected
by PE antihuman PVR CD155 monoclonal antibody using
a flow cytometer (BD Accuri C6), and an extensive level
of expression was observed in adenocarcinoma cell lines.
CD155 protein was expressed on 98.1%, 96.7%, 87.7%, and
57.9% of SW480, HCT116, HT-29, and Caco-2 cell lines,
respectively. Collectively, these data indicate a frequently
elevated CD155 expression in CRC cell lines.** To examine
whether OPV induces cell death in colon cancer cell lines,
the morphological changes in all cell lines 24 and 48 hours
after exposure were investigated.

All cell lines were titrated based on the traditional
TCID,, method. Visible cell shrinkage and rounding using
a phase-contrast microscope were considered symptoms of
CPE (Figure 1). Visible cell shrinkage and rounding were
considered symptoms of CPE by which further calculations
were conducted (using Reed—Muench formula). The highest
titer of PV belonged to HCT 116 (4.62x10°TCID, ). SW480,
HT-29, Caco-2, and FHC had TCID, of 1.52x10°, 5.3x10?,
4.95x10°, and 2.5x10° per 0.1 mL of OPV, respectively.
Interestingly, the TCID, is directly related to the CD155
expression level at both RNA (R=0.77, P=0.009) and protein
(R=0.55, P=0.097) levels, indicating that PV uptake depends
on the PVR of cancer cells, as it was expected. Thus, the most
killing effect of OPV was observed in the SW480 cell line,
which has the highest expression level of CD155.

OPV decreases viability of CRC cell lines
at different MOls

OPV was found to strongly induce cell death in a time- and
dose-dependent manner in all studied human colon cancer
cell lines (Figure 2A and B). Statistical analysis showed that
at MOlIs from 8 to 1, the viability of normal FHC cell line in
both studied timetable was significantly higher than that of
other studied cancer cell lines (detailed statistical analysis is
shown in Figure 2A and B), which makes OPYV as a suitable
candidate for virotherapy. FHC exhibited a lower degree of
morphological changes. It was considered that the FHC cell
line was not susceptible to morphological change for OPV.
In this study, the MOIs lower than one-fourth of TCID, /cell
was not considered for further studies because of the lower
virus particle. The viability of the FHC cells exposed to the
PV was significantly higher than that of the cancerous cells
at 48 hours or more after infection (data not shown). The
present study showed that OPV can kill various types of

CRC cell lines (5.43%-99.6% toxicity), with less toxicity
(0.89%—-61%) on normal FHC colon cell, and consequently,
there is more viral propagation in infected cancer cell.
According to statistical analysis, this difference is significant
(P=0.005). This finding illustrates the specificity of OPV in
CRC cell growth inhibition and promises its potential for in
vivo viral therapeutics.

Because of the lowest expression of CD155 on FHC cells,
the PV could rarely infect FHC cells. The mean viral produc-
tion of OPV in HCT116 was 4.5x10° TCID .op» While the mean
production of FHC was 2.5x10° TCID, per 0.1 mL of OPV.

OPV causes CPE faster in HCT116 than in FHC, and
6CPE was found after 48 hours and only at the highest MOI
in this cell line, whereas CPE was found in all tested MOIs
after 24 hours in all indicated CRC cell lines. This indicates
that the same viral serotype may have a different impact
when infecting cancer cells derived from the same original
cancer and also may support the clinical safety of OPV for
in vivo studies

OPV induced apoptosis in studied CRC
cell lines via extrinsic and intrinsic
pathways

Results showed that PV induced the activation of caspase-8
and caspase-9 in a time- and dose-dependent manner
(Figure 3). In the studied MOls, cancer cell lines rather than
normal FHC cell lines show the highest caspase activity in
both extrinsic and intrinsic pathways. Statistical analysis
indicated that there was a significant relation between induc-
tion of caspase-8 activity in MOI=0.5 and MOI=0.25 in both
timetables among all studied CRC cell lines rather than the
normal cell line (P=0.008 and P=0.006, respectively). Analy-
sis of individual cell lines at indicated MOIs also showed
that OPV significantly induces caspase-8 activity in both
timetables in HCT116 (P=0.014 and P=0.013, respectively)
and SW480 (P=0.006 and P=0.012, respectively) against
normal FHC cell line. Data showed that there was a signifi-
cant relation between induction of caspase-9 activity in all
studied MOlIs (1, 0.5, and 0.25) in both timetables among
all studied CRC cell lines rather than the normal cell line
(P=0.005, P=0.036, and P=0.041, respectively). Analysis of
individual cell lines at indicated MOlIs also showed that OPV
significantly induces caspase-9 activity in both timetables in
SW480 against normal FHC cell line (P=0.003, P=0.020,
and P=0.029, respectively). Hence, we concluded that OPV
induced apoptosis in studied CRC cell lines via extrinsic and
intrinsic pathways. The most caspase activity was observed
in the SW480 cell line; of note, this cell line harbored the
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Figure | Morphological changes observed by phase-contrast microscope for Caco-2, HT-29, HCT116, FHC, and SW480 cell lines before and after incubation with OPV at

highest MOI (MOI=8 TCID,/cell).
Notes: Magnification of cell=10x20. (A), 0 hour post infection; (B), 24 hours post infection; (C), 48 hours post infection.
Abbreviations: FHC, fetal human colon; MOI, multiplicity of infection; OPV, oral poliovirus vaccine; TCID, 50% tissue culture infectious dose.
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Figure 2 Effect of OPV on human colon cancer and normal cell lines’ viability.

Notes: Cell lines were incubated with OPV for 24 and 48 hours at the indicated MOI. (A) At 24 hours and (B) 48 hours interval, the cell viability was assessed by the MTT
assay. OPV induced cell death in a time- and dose-dependent manner in CRC cell lines. Bars represent the meantSEM. *P<0.05; post-Hoc test applied. Error bars £ISE.
Abbreviations: CRC, colorectal cancer; FHC, fetal human colon; MOI, multiplicity of infection; OPV, oral poliovirus vaccine; SE, standard error; SEM, standard error of

the mean.
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HCT116 1
HCT1160.5
HCT116 0.25
HCT116CTRL
SW480 1
SW4800.5
SW480 0.25
SW480CTRL
HT29 1
HT290.5
HT29 0.25
HT29CTRL

MOl/cell lines

CaCo-2 1
CaCo-20.5
CaCo-20.25

caspase-9 24 hours
caspase-8 24 hours
caspase-9 48 hours
caspase-8 48 hours

CaCo-2CTRL
FHC 1
FHCO0.5
FHC0.25
FHCCTRL

* indicates P-value<0.05. Post-Hoc test is applied.

Figure 3 Caspase-8 and caspase-9 colorimetric assays after 24 and 48 hours exposure to OPV in all colon cancer and normal colon cell lines.

Note: |, MOI I; 0.5, MOI 0.5; 0.25, MOI 0.25.

Abbreviations: CTRL, control; FHC, fetal human colon; MOI, multiplicity of infection; OPV, oral poliovirus vaccine.

highest CD155 cellular level and consequently low viability
of infected cell. On the other hand, the normal colon cell line,
FHC, showed no CPE in low viral doses with the minimum
caspase activity.

Propagation of OPV in colon cancer and

normal cell lines

Viral load of PV in both normal and cancerous cell lines after
24 hours exposure is listed in Table 3. The results showed
that PV viral load was significantly correlated with apoptosis
via extrinsic (R=0.945, P=0.0001) and intrinsic (R=0.756,
P=0.001) pathways. There was not any significant differ-
ence between CRC and normal colon cell lines with respect
to apoptosis via intrinsic and extrinsic pathways (P=0.1).

Our findings revealed that the extrinsic apoptotic path-
way (caspase-8) and the intrinsic programmed cell death
(caspase-9) is the main responsible mechanism of CRC cell
death. The cross talk between both intrinsic and extrinsic
apoptosis pathways may explain this process.

Previous reports on the apoptotic pathways induced by
PV infection in Caco-2 CRC cell have demonstrated that
mitochondria play a key role in PV-induced apoptosis,*! but
other tested colorectal cell lines are not included. However,
we found both extrinsic and intrinsic apoptosis responses
were effective in all tested colon cancer cells.

In this study, for the first time, we tested the viral load
of virus after virotherapy to be confident that the observed
apoptosis is directly for virus replication and we found out
that viral load is also directly correlated with the infected cell

Table 3 Viral load of PV in all normal and cancerous cell lines
after 24 hours exposure

Cell line Viral load Viral load Viral load at
at MOI=I at MOI=0.5 MOI=0.25
HCTI 16 4.00E+05 3.07E+05 2.00E+05
SW480 3.80E+05 2.98E+05 1.46E+05
HT-29 2.08E+05 5.97E+04 4.70E+04
CaCo-2 5.30E+04 3.76E+04 3.66E+04
FHC 5.27E+04 4.84E+04 3.076E+03

Abbreviations: FHC, fetal human colon; MOI, multiplicity of infection; PV,
poliovirus.

caspase activity level, supporting the fact that productive viral
infection can be associated with the cell death. Interestingly, the
polio viral load is significantly related to apoptosis via extrinsic
(R=0.945, P=0.0001) and intrinsic (R=0.756, P=0.001) path-
ways, indicating that all studied cell lines’ death via apoptosis
depends on the PV replication, as it was expected.

Discussion

Despite huge advances in the field of CRC therapy, the dis-
ease still remains a major cause of death.* Viral oncolysis
seems to be a new alternative for cancer treatments, which
can combat cancer through different mechanisms and it can
lead to tumor cell lysis through viral replication or expres-
sion of viral cytotoxic proteins.!* Virotherapy can overcome
potential resistance mechanism developed against standard
therapies. OV not only possesses unique mechanisms of
action but also its self-perpetuating nature provides an ideal
platform for therapeutic transgenic insertion.'®
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Virus strains used as human vaccines need to be engi-
neered genetically in order to increase their tumor targeting
ability prior to being applied as OVs. Because of the attenu-
ated nature, the need for removing pathogenic factors is nota
priority for OVs. The polio and measles vaccines are promi-
nent examples of viral vaccines developed for virotherapy.*
OVs such as the PV can independently destroy tumor cells
without waiting for the host genes to be expressed. The exact
mechanism of PV-mediated cytolysis still remains unclear.
Combination of shutoff of cellular protein synthesis, inhibi-
tion of cellular glycoprotein transportation, and the proteo-
lytic digestion of transcription factors have been reported to
completely destroy primary cell lines.?!

OVs such as mutant HSV, mutant VZV, and non-patho-
genic enterovirus B species have been reported to be efficient
in killing CRC cells. The feasibility of using G207, a multi-
mutated, replication-competent type-1 herpes simplex virus
in the treatment of human CRC, was examined on five human
CRC cell lines to determine efficacy of infection and tumor
cell kill. The results of measuring response to G207 therapy in
vitro was 1%-93%.% The priority of our study is that we test
the OPV in both normal and cancer cell lines to predict the
possible outcome in in vivo experiments in order to prevent
undesired issues. Moreover, we specified our study accord-
ing to specific receptor of PV CD155 in CRC cell lines too.

Oncolytic activity of recombinant wild-type and M pro-
tein mutant vesicular stomatitis viruses in RKO, Hct116,
and LoVo CRC cells, as well as in human fibroblast and
hepatocyte primary cultures, was tested. RKO and Hct116
cells were sensitive to both viruses, whereas Lo Vo cells were
resistant.* Viability of RKO cells reduced to approximately
10%—-20% of mock-infected controls by 48 hours post infec-
tion, and Het116 cells were intermediate in their sensitivity.
The results of the present study showed that the sensitivity
of Hct116 to OPV was much higher than that to VZV and
the toxicity of OPV was 99.6% after 24 hours.

The oncolytic potential of several low-pathogenic human
enterovirus B species echovirus 12, 15, 17, 26, and 29 with
rare clinical occurrence on six colon cancer cell lines (Caco-
2,HT-29, LoVo, SW480, SW620, and T84) and CPEs as well
as viral replication efficacy has been investigated. Echovi-
ruses 12, 17, 26, and 29 replicated efficiently in almost all
cell lines and were considered as highly cytolytic.*

The limitation of their study against the result of the
present study was that E12 replicated in HT-29, SW480,
and Caco-2 cell lines, but no CPE was observed after 7
days, whereas in our study, the indicated cell lines showed
complete CPE after 2 days infection with OPV, and also, no

infection was indicated with E15 in SW480, whereas in our
study, this cell line showed the highest CD155/PVR expres-
sion level, had higher TCID50/mL, and showed CPE after 2
days post infection.

The small virion size (~30 nm in diameter) of picornavi-
ruses could be an oncolytic advantage. Picornaviruses have a
relatively fast replication cycle, ranging from 5 to 10 hours.
This could also be an advantage for viral oncolysis, since
a faster replicating virus may reduce a tumor in size more
effectively than a slower replicating virus.*

However, when using oncolytics in vivo, targeting the
cancer cell is very important to prevent toxic side effects in
normal colon cells. For CRC viral therapy, using PVs may
seem to be more specific since it has been reported that CRC
cells express more PVR (CD155) than normal colon cells.*
Our previous experiments also support CD155 overexpres-
sion at both mRNA and protein levels in different CRC cell
lines (SW480, HCT116, HT-29, and Caco-2) in comparison
with normal colon cell line.** CD155 differential overexpres-
sion can be useful when using viral therapeutics strategies,
since it is sufficient for all binding and entry functions, lead-
ing to uncoating of the viral genome and virus uptake.*743

The result of present study in contrast with results of
Eswaran et al* showed the higher TCID, for OPV, and this
difference of TCID,, for the studied cell lines may relate
directly to the CD155 expression level.

In this study, we showed that OPV possesses an inherent
capacity to induce apoptosis in CRC cell lines in vitro and
has ability to use in in vivo studies.

It has been reported that PV infection can trigger apop-
tosis in neuroblastoma and bone and soft tissue sarcoma
cells expressing CD155, as shown by DNA fragmentation,
activation of effector caspase, mitochondrial dysfunction,
and TUNNEL assay.>** Our findings similarly showed that
the PV infection leads to programmed cell death in CRC cell
lines in a time- and dose-dependent manner.

It has been shown that cells respond to PV infection
by switching on the apoptotic program, implementation of
which is usually suppressed by viral antiapoptotic functions.
PV infection activates the apoptotic pathway, involving
mitochondrial damage, cytochrome c efflux, and consecu-
tive activation of caspase-9 and caspase-3.> Apart from the
involvement of activation of caspases, the mechanism of
apoptosis triggered by PV infection remains unknown. An
important point concerns relationships between the induction
of the antiapoptotic state and commitment to CPE.>

There are also some limitations of this study, which
include the inability of virus to home to some tumor types

Oncolytic Virotherapy 2018:7
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and the therapeutic window. In the in vivo study, we try to
administrate the OPV intratumor to decrease the effect of
anti-polio antibodies, present following pediatric vaccina-
tion, and also try to use some protocols to boost the ability
of virus to home to tumor cells.

Conclusion

Our results show that OPV can induce apoptosis in CRC cell
lines either by intrinsic (mitochondrial pathway) or extrinsic
pathways. In addition, CPE observed at all indicated MOIs
and after short period of time in studied CRC cell lines. The
results of this study suggest that OPV has potential for the
clinical treatment of CRC. However, further studies in animal
models (tumor xenografts) need to be certain that it is quali-
fied enough for treatment of CRC. The safety of normal cells
also needs to be assured before proceeding with clinical trials.
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