Journal of Cancer 2018, Vol. 9 1033

g0y [VYSPRING

vgﬁ INTERNATIONAL PUBLISHER

Journal of Cancer

2018; 9(6): 1033-1049. doi: 10.7150/jca.23242
Research Paper

Effect of the oncolytic ECHO-7 virus Rigvir® on the
viability of cell lines of human origin in vitro

Andra Tilgase!™, Liene Patetko?, Ilze Blake?, Anna Ramata-Stunda?, Martins Boroduskis?, and Péteris
Alberts!

1. International Virotherapy Center, Riga, Latvia
2. Faculty of Biology, University of Latvia, Riga, Latvia

P4 Corresponding author: International Virotherapy Center, Teatra iela 9-9, Riga, LV-1050 Latvia; tel.: +371 67229599, fax: + 371 67229555, E-mail: andra@virotherapy.eu

© Ivyspring International Publisher. This is an open access article distributed under the terms of the Creative Commons Attribution (CC BY-NC) license
(https:/ / creativecommons.org/licenses/by-nc/4.0/). See http:/ /ivyspring.com/ terms for full terms and conditions.

Received: 2017.10.09; Accepted: 2018.01.29; Published: 2018.02.28

Abstract

Background: The role of oncolytic viruses in cancer treatment is increasingly studied. The first
oncolytic virus (Rigvir®, ECHO-7) was registered in Latvia over a decade ago. In a recent retrospective
study Rigvir® decreased mortality 4.39-6.57-fold in stage IB-IIC melanoma patients. The aims of the
present study are to test the effect of Rigvir® on cell line viability in vitro and to visualize the cellular
presence of Rigvir® by immunocytochemistry.

Methods: The cytolytic effect of Rigvir® on the viability of FM-9, RD, AGS, A549, HDFa, HPAF-II, MSC,
MCF7, HaCaT, and Sk-Mel-28 cell lines was measured using live cell imaging. PBMC viability was
measured using flow cytometry. The presence of ECHO-7 virus was visualized using
immunocytochemistry. Statistical difference between treatment groups was calculated using two-way
ANOVA.

Results: Rigvir® (10%, volume/volume) reduced cell viability in FM-9, RD, AGS, A549, HDFa, HPAF-II
and MSC cell lines by 67-100%. HaCaT cell viability was partly affected while Rigvir® had no effect on
MCF7, Sk-Mel-28 and PBMC viability. Detection of ECHO-7 by immunocytochemistry in FM-9, RD, AGS,
A549, HDFa, HPAF-II and Sk-Mel-28 cell lines suggests that the presence of Rigvir® in the cells preceded
or coincided with the time of reduction of cell viability. Rigvir® (10%) had no effect on live PBMC count.

Conclusions: The results suggest that Rigvir® in vitro reduces the viability of cells of human melanoma,
rhabdomyosarcoma, gastric adenocarcinoma, lung carcinoma, pancreas adenocarcinoma but not in
PBMC. The presence of Rigvir® in the sensitive cells was confirmed using anti-ECHO-7 antibodies. The
present results suggest that a mechanism of action for the clinical benefit of Rigvir® is its cytolytic
properties. The present results suggest that the effect of Rigvir® could be tested in other cancers besides
melanoma. Further studies of possible Rigvir® entry receptors are needed.
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Background

Oncolytic viruses are emerging as a new class of
cancer treatment although the connection between
virus infections and remission of cancer has been
observed for more than a century [1, 2]. Starting from
the middle of the 20t century the effect of viruses on
cancers has been investigated. Today, an oncolytic
virus is defined as a virus that selectively infects and
lyses cancer cells while not affecting healthy cells of
the organism. A few oncolytic viruses are already
approved and registered for cancer therapy. Rigvir®

was registered in 2004 in Latvia, Oncorine in 2005 in
China, and Imlygic in 2015 in the USA and Europe [1,
3-5]. It has been reported that oncolytic viruses
possess natural preference (100-10000-fold) to cancer
over healthy cells [6-8]. The selectivity is mainly
explained by impaired defence mechanisms in cancer
cells [9].

Two groups of viruses are mainly being
investigated for use in virotherapy. First, unmodified
viruses that have natural selectivity to tumour cells
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and are non-pathogenic in humans. It has been
suggested that human viruses with low pathogenicity
may show natural specificity for tumour cells [10-12].
Secondly, genetically modified viruses whether used
as vaccine vectors (e.g., measles virus, poliovirus,
vaccinia virus) or with those genes that are needed for
replication in normal tissue modified or deleted, but
with retained ability to replicate in cancer cells (e.g.,
adenovirus, herpes simplex virus, vesicular stomatitis
virus) [13, 14]. Oncolytic viruses have many appealing
properties in comparison to current therapeutic
approaches. Replication for most oncolytic viruses
tested is tumour selective and does not damage
healthy tissue. Usually more than one oncogenic
pathway is targeted and cytolytic activity can be
caused in several different ways. Resistance to
oncolytic viruses has not been reported so far, and
last, in the case of genetically modified viruses, safety
as well as efficacy-enhancing properties can be
inserted [9].

The ECHO-7 virus strain Rigvir® belongs to the
Picornaviridae family, Enterovirus genus. Entero-
viruses are positive sense single-stranded RNA,
non-enveloped, icosahedric viruses approximately
25-30 nm in diameter. The host for ECHO viruses is
human. Rigvir® is a non-pathogenic oncolytic virus
selected and adapted for melanoma that was
originally isolated from the gastrointestinal tract of
healthy children and has not been genetically
modified; it was approved for treatment of melanoma
in Latvia in 2004 [4, 5].

The aim of the present study is to test the
cytolytic effect of Rigvir® on human cell lines in vitro
using an automated real-time cell imaging system and
to determine if the effect is dose- and time-dependent.
In one series of experiments virus entry into cells was
determined by immunocytochemistry.

Methods

Cell culture conditions

Cell lines of malignant melanoma (FM-9;
ECACC 13012416) were obtained from Public Health
England, muscle rhabdomyosarcoma (RD; CCL-136),
gastric adenocarcinoma (AGS; CRL-1739), lung
carcinoma (A549; CCL-185), pancreas adenocarci-
noma (HPAF-II; CRL-1997), human bone marrow-
derived mesenchymal stem cells (MSC; PCS-500-012),
mammary gland adenocarcinoma (MCF7; HTB-22),
and malignant melanoma (Sk-Mel-28; HTB-72) were
obtained from the American Type Culture Collection
(ATCC), human normal dermal fibroblasts (HDFa;
C0135C) were from Thermo Fisher Scientific, and
immortalized human keratinocytes (HaCaT; cat. nr.
300493) were from Cell Lines Service. Negative

control was peripheral blood mononuclear cells
(PBMC) isolated from blood of three healthy
volunteers.

Cells were cultivated in Dulbecco's Modified
Eagle Medium (DMEM) with 10% foetal bovine
serum (FBS) supplement, 100 U/ml penicillin,
100 pg/ml streptomycin and incubated at 37 °C in a
humidified atmosphere of 5% CO. in air, and
sub-cultured after trypsinization (0.25% trypsin/
EDTA). MSC cells were grown in mesenchymal stem
cell basal medium for adipose, umbilical and bone
marrow-derived MSCs  (ATCC  PCS-500-030)
supplemented with mesenchymal stem cell growth kit
for bone marrow-derived MSCs (ATCC PCS-500-041)
and Penicillin-Streptomycin-Amphotericin B solution
(ATCC PCS-999-002).

When the cell monolayer had reached
approximately 10% confluency, Rigvir® (stock titre
100-107 TCIDso/ ml) was added at final concentrations
of 1% and 10% to the cell cultivation medium
(volume/volume). An equal volume of medium
(without Rigvir®) was added to control cells; the cells
were subsequently observed for 96 h.

PBMC isolation and incubation with Rigvir®

Venous blood, 15 ml from each of three healthy
volunteers, was collected in K;EDTA vacutainers.
Blood samples were diluted with sterile 0.9% NaCl
supplemented with 10 IU/ml heparin and slowly
layered on Ficoll-Paque solution (GE Healthcare,
Sweden) (blood:Ficoll-Paque; 2:1). Density gradient
centrifugation was performed at 800xg for 20 min at
room temperature with no brake. The buffy coat
containing the mononuclear cells formed in the
Ficoll-Paque solution was aspirated and transferred to
new centrifugation tubes. The buffy coat was washed
twice with 10 IU/ml heparin containing 0.9% NaCl
and centrifuged at 600 x g for 20 min at room
temperature. The cell pellet was suspended in 10%
FBS/RPMI medium (Thermo Fisher Scientific);
1 million PBMCs/ml were incubated with Rigvir®
(1% or 10% v/v) or PBS (10% v/v) for 24h, 48h and
96h at 37°C, with agitation (130 rpm).

Viable cell count: live cell imaging

A live cell imaging system (Cell-IQ, now
CellActivision, Yokogawa) was used to monitor
changes in viable cell count. Phase contrast images
were taken every hour.

The live cell imaging system was set to recognize
differences in cell population and morphology of
different cell growth phases.

Fluorescence immunocytochemistry

Cell lines AGS (ATCC® CRL-1739) and A549
(ATTC® CC1-185) were used for the detection of
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ECHO-7 virus by fluorescence immunocytochemistry.
Cells were cultivated on 4-well cell culture slides.
When a confluence of >270% had been reached,
Rigvir® (10%) solution (diluted with 0.9% NaCl) was
added to the cells and incubated for 24h or 96h at
37°C. The «cells were then fixed with 4%
formaldehyde solution and washed with phosphate
buffered saline (PBS). Then the cells were washed in a
blocking buffer (1% BSA/PBS) and incubated in
blocking solution (5% BSA / 0.1%TritonX-100/ PBS)
for 45 min at room temperature, and rinsed with 3%
hydrogen peroxide.

Samples were incubated with anti-ECHO-7
antibody (Centre for Infectious Diseases Control,
National Institute for Public Health and the
Environment, Bilthoven, NL), in 1% BSA/PBS (1:1000)
for 2 h at room temperature in the dark. As a
secondary antibody, donkey anti-rabbit IgG Hé&L
(Alexa Fluor® 555) (AbCam, UK) was used; the cells
were incubated for 1 h at room temperature in the
dark. Subsequently to visualize the cell nuclei,
samples were stained with 4',6-diamidino-2-
phenylindole (DAPI) (Applichem, Germany) in 1%
BSA/PBS (1 pg/ml) for 10 min at room temperature
in the dark.

Flow cytometry

Cells were washed with 2 ml PBS, centrifuged
300 x g, 5 min; the cell pellet was re-suspended in
100 pl PBS containing 0.1 pg propidium iodide
(Thermo Fisher Scientific) and 4 pl ZombieGreen
Viability Dye (Biolegend), incubated for 30 min at
room temperature in the dark. Cells were washed
with 2 ml PBS, centrifuged 300 x g, 5 min,
re-suspended in 2% FBS/PBS and analysed on FACS
Calibur flow cytometer. 50000 events per sample were
recorded for analysis. Gating strategy involved singlet
discrimination and ZombieGreen / propidium iodide
negative cells were defined as live cells. Cell viability
assay was performed on the minimum required
number of cells (1x10° cells) according to the
manufacturers protocol after 24, 48 and 96h
incubation.

Calculation of the cytolytic effect of Rigvir® on
cell viability

The inhibitory effect of Rigvir® on viable cell
count was calculated wusing the formula:
100-(100xA/ B) = reduction (%), where A is cell count
with Rigvir®, and B is the control cell count.

Statistics

The statistical difference between treatment
groups was calculated using GraphPad Prism 7.02

software. Two-way ANOVA test was applied in the
cell viability experiment.

Results

Cytolytic effect of Rigvir® on cell viability

After incubation with Rigvir® (10%) of FM-9,
RD, AGS, A549, HDFa, HPAEF-II and MSC cell line
cells almost no viable cells were observed by 96h. The
effect of Rigvir® (1%) was slower in onset. In contrast,
HaCaT cell viability was partly affected while Rigvir®
appeared to have no effect on MCF7, and Sk-Mel-28
cell viability (Table 1, Fig. 1 - Fig. 11).

Effect of Rigvir® on peripheral blood
mononuclear cells (PBMC)

Flow cytometry analysis of cell viability
monitored by ZombieGreen / PI staining of both 1%
and 10% Rigvir® effect on cell viability after
incubation for 24, 48, and 96h showed no significant
changes in live cell count compared to control sample
(Fig. 12).

Visualization of Rigvir® using anti-ECHO-7
antibody

FM-9, RD, AGS, and A549 cells incubated with
Rigvir® and anti-ECHO-7 antibody showed specific
staining in (red) around nuclei (blue) in most cells
(Fig. 13). Control cells incubated only with
anti-ECHO-7 antibody (without Rigvir) or only with
Rigvir® (10%, without antibody) did not show any
staining (Fig. 13). In HPAF-II cells after incubation
with Rigvir® even for 96 h the anti-ECHO-7 antibody
staining was differently expressed than in RD or FM-9
cells after 24h incubation; control incubations in
HPAF-II cells showed no specific staining (Fig. 13).

Staining of HPAF-II cells showed that
anti-ECHO-7 antibody was localised mainly in the
cells located on surface of the aggregates. These
results agree with the live cell imaging results and
suggests that in Rigvir® sensitive cells Rigvir® enters
the cells and can be detected in the cytoplasm.

Sk-Mel-28 cell line cells did not show any
significant staining in the presence of Rigvir® even
after 96h cultivation with Rigvir® (10%). HDFa cells
showed detectable anti-ECHO-7 antibody levels after
the incubation of Rigvir® for 96 h, but not after 24h, in
accordance with the timing of the effect on cell
viability. Both control incubations in HDFa cells
showed no relevant staining (Fig.13). The results
suggest that Rigvir® does not enter SK-Mel-28 cells,
which is in accordance with the live cell imaging cell
viability results.
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Figure 1. Effect of Rigvir® on viable cell count 0 to 96h. Statistical difference in cell viability between Rigvir®-treated and control was observed from the following time-points.
Statistically significantly difference vs. control P<0.05 (¥), not statistically different (n.s.). Data are expressed as means + S.E.M. Control (®), Rigvir® (1%) (m) and Rigvir® (10%)
(A). A. FM-9: Rigvir® (1%) at 44h (P=0.0459) and Rigvir® (10%) at 14h (P=0.0036). B. RD: Rigvir® (1%) at 23h (P=0.0260) and Rigvir® (10%) at | Th (P=0.0083). C. AGS: Rigvir®
(1%) at 27h (P=0.0362) and Rigvir® (10%) at 23h (P=0.0241). D. A549: Rigvir® (1%) at 21h (P=0.0360) and Rigvir® (10%) at 10h (P=0.0313). E. HDFa: Rigvir® (1%) at 2%h
(P=0.0147) and Rigvir® (10%) at 24h (P=0.0107). F. HPAF-II: Rigvir® (1%) at 51h (P=0.0191) and Rigvir® (10%) at 49h (P=0.0423). G. MSC: Rigvir® (1%) at 27h (P=0.0123) and
Rigvir® (10%) at 19h (P=0.0188). H. MCF-7: Rigvir® (1%) at 44h (P=0.0154) and Rigvir® (10%) at 47h (P=0.0358). |. HaCaT: Rigvir® (1%) at 96h (n.s.) and Rigvir® (10%) at 42h
(P=0.0171). ). Sk-Mel-28: Rigvir® (1% and 10%) 0-96h (n.s.).
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Table 1. Effect of Rigvir® on cell viability observed at 96h and time of onset of the reduction.

Cells Rigvir® (1%) Rigvir® (10%) (N)
Reduction of cell viability (%) P  Time of onset of reduction (h) Reduction of cell viability (%) P Time of onset of reduction (h)
FM-9 84 * 44 94 * 14 3
RD 94 * 23 98 * 11 3
AGS 100 * 27 100 * 23 3
A549 92 * 21 91 * 10 3
HDFa 87 * 29 87 * 24 3
HPAF-II 75 * 51 100 * 49 3
MSsC 71 * 27 67 * 19 3
MCE-7 27 * 44 24 * 47 3
HaCaT 0 n.s. - 46 * 42 3
Sk-Mel-28 0 ns. - 0 ns. - 3

Statistically significantly difference vs. control P<0.05 (*), not statistically different (n.s.). The time of onset is defined as the first three consecutive time points when the
reduction was statistically significantly difference vs. control (P<0.05).

Figure 2. Effect of Rigvir® on FM-9 viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®

(10%) (C). Scale bar is 200 pm.
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Figure 3. Effect of Rigvir® on RD viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir® (10%)
(C). Scale bar is 200 pm.
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Figure 4. Effect of Rigvir® on AGS viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 pm.
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Figure 5. Effect of Rigvir® on A549 viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 pm.
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Figure 6. Effect of Rigvir® on HDFa viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 pm.
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Figure 7. Effect of Rigvir® on HPAF-I| viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 pm.
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Figure 8. Effect of Rigvir® on MSC viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 ym.
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Figure 9. Effect of Rigvir® on MCF-7 viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 pm.
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Figure 10. Effect of Rigvir® on HaCaT viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and Rigvir®
(10%) (C). Scale bar is 200 pm.
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A

Figure 11. Effect of Rigvir® on Sk-Mel-28 viable cell count. Photographs taken at time points 0, 3, 6, 12, 24, 48, 72, and 96h of incubation. Control (A), Rigvir® (1%) (B) and

Rigvir® (10%) (C). Scale bar is 200 pm.

Discussion

The aim of the present study was to test the
cytolytic effect of Rigvir® in cancer cell lines of
human origin in vitro. Rigvir® is shown to reduce the
viability (by 75-100%) of FM-9, RD, AGS, A549 and
HPAF-II cell lines in a time- and dose dependent

manner (Table 1). The maximal reduction of MCF-7
cell viability was below 35% at 96h. In contrast,
Sk-Mel-28 cell viability was not affected (Table 1); the
reason for this should be investigated in future
experiments.

PBMC from healthy volunteers were not affected
by Rigvir®, which corresponds to previous findings
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that enteroviruses such as Coxsackievirus B3,
ECHO-1 and poliovirus 1 do not replicate in PBMC
[15].

W Control ORigvir (1%) & Rigvir (10%)

100 ~

~
w

N
(92}
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o

o

24 48 96
Time (h)

Figure 12. Effect of Rigvir on PBMC viability. Control, Rigvir® (1%), Rigvir® (10%)
after 24h, 48h and 96h incubation (n=3). Differences in live cell count compared to
control are not statistically significant (P>0.05). Data are expressed as means * S.D.

The immunocytochemistry results suggest that
anti-ECHO-7 antibodies were present only in the cell
line cells that showed reduced cell viability in the
presence of Rigvir®. FM-9, RD, AGS, A549, HDFa,
and HPAF-II cell lines showed ECHO-7 stain, while
Sk-Mel-28 cells did not. This corresponds to the
results of live cell imaging; the cells that showed
antibody stain were the ones whose viability was
reduced by Rigvir®, suggesting that in these cell lines
Rigvir® entered the cell. In the case of HPAF-II cells, it
can be observed that anti-ECHO-7 antibodies are
located around cell islets, suggesting that it might take
longer for the virus to enter the cell aggregates.

Both HDFa and MSC cells were also susceptible
to Rigvir® infection. Previous studies have shown
that when Rigvir® is injected locally around the
tumour, lymphocyte infiltration in tumour lesions can
be observed after biopsy, suggesting specific infection
of cancer cells [16]. However, it must be noted that
two-dimensional (2D) cell culture systems, such as the
one used in the present study, although widely used,
do not represent the exact in vivo environment in the
body. Monolayer or suspension cell cultures lack
properties such as cell-cell interaction, extracellular
matrix, biochemical and mechanical cues, and
heterogenous cell content [17] [18]. In several studies,
it has been observed that «cells grown in
three-dimensional (3D) culture systems show reduced
sensitivity to chemotherapy drugs [17]. The structure
of the culture system is also important in viral
infection; cells in conventional cell cultures may often
yield a phenotype that is different from that in an

organized structure [19]. Several ECHO viruses have
been reported to show cytolytic effect in monolayer
cell cultures, while investigation of cytolytic effect in
spheroids have shown that not all cells, when grown
in spheroids, are lysed by viruses [20].

Replication of enteroviruses occurs in the
cytoplasm of infected cells [21] and is followed by cell
lysis. Several receptors have been suggested to be
involved in the infection mechanism of ECHO-7 virus.
CD55 (also known as decay accelerating factor, DAF)
has been reported as one of the main ECHO-7
receptors necessary for entry and infection [22-24],
although it has been noted that other factors may also
be involved such as -2 microglobulin [25, 26]. Studies
carried out in polarized epithelial cells show that
ECHO-7 virus first binds to the CD55 receptor,
followed by internalization involving  the
clathrin-mediated endocytosis. After penetration of
the cell, the ECHO-7 virus moves to early endosome
before viral RNA is released into the cytoplasm,
which is controlled by Rab5 and then moves to late
endosome in a process where Rab7 GTPase is
involved [27]. Moreover, it has been reported that
anti-CD59 antiserum also blocks ECHO-7 virus
infection in RD cells [26].

One of the defence mechanisms of cancer cells to
the immune system 1is to express membrane
complement regulatory proteins. CD35, CD46, CD55,
and CD59 expression is associated with blockade of
the complement cascade. In normal tissues, these
proteins protect from accidental injury by an activated
complement system, however, in cancer cells the same
proteins protect from the immune system [28]. It is
possible that cancer cells express larger amounts of
the proteins and receptors that are responsible for
viral entry (such as CD55) than normal cells, thus,
creating apparent viral tropism for these cells.

The present experiments were limited by
focusing only on the cell susceptibility to viral
infection in wvitro. Immune cell responses and
interactions between immune cells and cancer cells
might also play an important role in the in vivo /
clinical response to Rigvir®.

In conclusion, the present in vitro study suggests
that a mechanism of action for the clinical benefit of
Rigvir® is its cytolytic properties. While Rigvir® is
registered for melanoma, other cancer types such as
lung, gastric, rhabdomyosarcoma, and pancreatic
cancer might also be sensitive to Rigvir®. Further
studies regarding how Rigvir® targets specific cancer
cells in the body, entry mechanisms and immune
response(s) are also needed. It is likely that observed
effect on HDFa and MSC cell viability does not
represent an in vivo action of Rigvir®.
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Figure 13. Presence of ECHO-7 antibody (red) around nuclei (blue). Incubation with Rigvir® (10%) was for 24h with FM-9, RD, AGS, and A549 cells, and for 96h with HDFa,
HPAF-II and Sk-Mel-28 cells. The cells were incubated with ECHO-7 antibody (Ab) and donkey anti rabbit antibody and stained. Scale bar is 100 ym.
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