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Abstract

Background: Colorectal cancer (CRC) is the third most common neo-
plasm in the world and the third leading cause of cancer-related deaths 
in the USA. Immuno-oncolytic virotherapy has emerged as a potential 
treatment modality for CRC. We have previously shown that a Tanapox-
virus recombinant armed with the fliC gene, TPV/Δ2L/Δ66R/FliC, result-
ed in a significant reduction of HCT116 tumors in athymic nude mice. 
The present study was designed to evaluate the immuno-oncolytic ef-
ficiency of this virus in an immuno-competent model. 

Methods: CRC tumors were induced by subcutaneous injection of 
HCT116 cells on both the left and right flanks of Balb/C nude mice. The 
immune system in these mice was reconstituted by the adoptive trans-
fer of splenocytes from immunologically matched, immuno-competent 
Balb/C mice. 

Results: A single intratumoral injection of the virus resulted in a sig-
nificant and robust regression of the injected tumors (P<0.01) and an 
almost complete eradication of 80% of these tumors by the time the 
experiment was terminated. Interestingly, reduction in non-injected tu-
mors contralateral to the injected ones could also be observed which 
may suggest the induction of systemic anti-tumor immunity. 

Conclusion: These results indicate that the recombinant TPV/Δ2L/
Δ66R/FliC is a potential candidate for the treatment of colorectal can-
cers in humans and should be explored further for the complete realiza-
tion of its potential.
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Introduction

Colorectal cancer (CRC) is the third most common cancer 
in the world [1] and the third leading cause of cancer-related 
deaths in the USA [2,3]. In 2022, an estimated 106,180 new 
colon and 44,850 new rectal cancer cases will be diagnosed in 
the USA, with an estimated 52,580 deaths [4]. Even though the 
mortality and morbidity rates are declining among individuals 
who are 55 years or older, there is an increasing incidence and 
death rate from CRC among populations younger than 55 [4]. 
Despite the current improvements in detection techniques, 
about a fifth of CRC patients develop tumor metastasis at the 
time of diagnosis, which results in significantly decreased over-
all survival [5].

The common treatment methods for CRC incorporates surgi-
cal resection, radiation therapy, chemotherapy, targeted thera-
py, and immunotherapy [6]. A treatment regimen for CRC may 
include a combination of these therapeutic options. For CRC 
metastasis, a multimodal treatment approach is indispensable 
[7]. Even though the longevity and overall quality of patients’ 
lives have improved due to better detection and treatment 
modalities, the mortality and morbidity from CRC still are very 
high. Moreover, the current treatment options for CRC typically 
are associated with side-effects, sometimes to a severe degree. 
The five-year survival rate for metastatic CRC still is low [5]. 
Therefore, a novel, safer, and more effective therapeutic ap-
proach against CRC is of urgent necessity. 

Oncolytic virotherapy (OV therapy), which uses viruses to 
destroy cancer cells selectively or preferentially, has emerged as 
a promising treatment for CRC [8,9]. Besides the direct destruc-
tion of cancer cells by cytolysis, these viruses can also stimulate 
the host immune components for an improved anti-cancer ef-
fect [10]. The lysis of cancer cells may release danger associated 
molecular patterns (DAMPs) and thus alert the immune sys-
tem of potential dangers [8]. Many oncolytic viruses (OVs) are 
armed with different immune stimulatory gene(s) to enhance 
immune stimulation against tumors [11]. Many virus platforms, 
including adenovirus, vaccinia virus, herpes simplex virus, ve-
sicular stomatitis virus, measles virus, Newcastle disease virus, 
and Tanapoxvirus, have been evaluated for their oncolytic po-
tentials in numerous cancers.

Among various OV platforms, poxviruses are attractive can-
didates for OV therapy. These are large, enveloped viruses of 
the poxviridae family with a linear double-stranded DNA ge-
nome [12]. Several inherent properties of poxviruses have 
earned them the title “oncolytic battleships” [13]. The stabil-
ity of virus preparation and the ease of high titer virus stock 
production add to poxviruses’ advantages as OVs [14]. More-
over, they bear a good safety profile, and their genomes can 
accommodate many transgenes. The replication of poxviruses 
is restricted to cell cytoplasm; hence, their genomes do not in-
tegrate into the host chromosomes (reviewed in [15]. A built-in 
array of immune-modulatory genes help these viruses evade 
host immune surveillance [16]. Several licensed or established 
antiviral agents are available, should the virus infection become 
severe [17].

The poxvirus used in the present study is the recombinant 
Tanapoxvirus TPV/Δ2L/Δ66R/FliC, which is a member of the ge-
nus Yatapoxvirus. This virus was made deficient for the genes 
66R (which encodes thymidine kinase) and 2L (which encodes 
a glycoprotein with anti-TNF binding activity) and has been 
armed with the FliC gene that encodes for the protein Flagellin 
C [9]. Apart from equatorial Africa, where the virus is endemic, 
the global population is likely to be immunologically naïve to 
this virus [18,19]. Tanapoxvirus causes a self-limiting febrile ill-
ness in humans, and the infection is normally confined to the 
periphery [20]. The human-to-human transmission of this virus 
is not known to occur. All these features are highly desirable 
from the perspective of OV selection. 

The expression of the enzyme thymidine kinase (TK), which 
converts thymidine to thymidine monophosphate, is constitu-
tively high in neoplastic cells, whereas the normal cells have 
peak TK activity during the S phase of the cell cycle and barely 
express TK at other times [9]. Thymidine kinase is a requisite 
for DNA synthesis, and hence, TK gene deficiency makes many 
viruses, particularly poxviruses preferentially replicate in cancer 
cells. Indeed, TK gene’s ablation has been associated with in-
creased onco-selectivity of many OVs [9,21-25].

Oncolytic viruses have been armed with different immune-
stimulatory genes [9,26-30] to harness the immune system’s 
power against different types of cancer. The protein Flagellin C 
is the main constituent of Bacterial flagellum [31]. Bacterial fla-
gellin is a cognate ligand for toll-like receptor 5 (TLR5) [32,33]. 
The flagellin binding to TLR5 activates mitogen-activated pro-
tein (MAP) kinases and NF-κB through the MyD88-dependent 
intracellular signaling cascade, which results in the transcrip-
tion and secretion of pro-inflammatory cytokines [34-36]. Our 
previous study has shown that TPV/Δ2L/Δ66R/FliC caused a sig-
nificant reduction of HCT116 tumors in athymic nude mice [9]. 
A substantial lymphocytic and macrophage responses to the 
presence of tumor masses with scattered lymphocytic invasions 
of the main tumor tissue could be observed. The current study 
was built on these previous experimental findings and was de-
signed to evaluate the anti-tumor effect of this Tanapoxvirus 
recombinant in immune-competent models. Here, we hypoth-
esized that TPV/Δ2L/Δ66R/FliC would be able to regress HCT116 
tumors in immuno-competent mice. 

Materials and methods

Cells, reagents, and viruses

Owl Monkey Kidney (OMK) cells and CRC cell line HCT116 
were purchased from the American Type Culture Collection 
(ATCC product numbers are CRL-1556 and CCL-247 respective-
ly). OMK cells were used for the proliferation and titration of the 
virus. The cell lines were propagated in complete growth me-
dium consisting of Eagle’s Minimum Essential Medium (EMEM) 
and Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco/Life 
Technologies), for OMK and HCT116 cells respectively. Both me-
dia were supplemented with 10% (vol/vol) fetal bovine serum 
(FBS) (Atlanta Biologicals), 2 mM L-glutamine (Sigma-Aldrich) 
and 50 μg/ml of penicillin and streptomycin. The virus infect-
ed cell monolayers were maintained in maintenance medium 
identical to the growth medium except for the concentration of 
FBS, which was reduced to 2%. All cells were incubated at 37°C 
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in a 5% CO2 atmosphere. Cell counting and cell viability assays 
were done with an improved Neubauer hemacytometer using 
0.2 % (wt/vol) trypan blue in a normal saline solution. Wild-type 
TPV (Kenya strain) was originally a gift from Dr. Joseph Esposito 
(Centers for Disease Control, Atlanta, GA, USA). It was genetical-
ly modified in the laboratory of G. McFadden to express the flu-
orescent reporter enhanced green fluorescent protein (EGFP), 
but without any further modifications.

Cell density determinations

The HCT116 cells were inoculated into 12-well plates (3 wells 
per cell line) such a way that one day later the cells were 90% 
confluent. The cells were then trypsinized, counted and scored 
for viability by trypan blue exclusion to ensure that the same 
number of cells were injected into the mice and all mice de-
velop tumors at around the same time.

Virus titration

We performed a plaque assay according to the instructions 
previously described [37] to determine the number of viable vi-
rions present in a sample. Briefly, virus samples were subjected 
to three rounds of freezing and thawing at −80°C, sonicated 
for 15 seconds on ice, serially diluted in maintenance medium, 
and inoculated onto nearly confluent OMK cell monolayers in 
6-well plates. The virus was allowed to adsorb at room tem-
perature with gentle rocking for one hour. The inoculum was 
then removed and each well washed two times with 1 ml of 
pre-warmed (37°C) maintenance medium. After washing, 2 ml 
of overlay medium (containing 0.5% methylcellulose in main-
tenance medium) was added and the infected OMK monolay-
ers incubated for 8 days at 37°C. The overlay medium was then 
removed, and monolayers were stained (0.1% crystal violet in 
37% formaldehyde). Plates were washed with distilled water, 
dried in the air, and plaques were counted on a light box. Each 
experiment was independently repeated three times.

Animals

Female athymic inbred Balb/C (homozygous) mice (CAnN.
Cg-Foxn1nu/Crl) and regular female inbred Balb/C (heterozy-
gous) mice (BALB/cAnNCrl) were purchased from the Charles 
River Laboratories at four weeks of age and allowed to accli-
mate for one week before experimentation. Mice were indi-
vidually housed in clear polycarbonate cages under a 12-hour 
light/dark cycle. Food and water were available ad libitum. All 
animal housing conditions, manipulations and treatments were 
performed according to the protocols approved by the Institu-
tional Animal Care and Use Committee of Western Michigan 
University (IACUC protocol approval number 19-06-04).

Tumor induction and measurement

Tumors were induced in the athymic mice by subcutaneous 
injection of 6 X 106 HCT116 cells on the left and right flanks of 
each mouse. Each injection was followed by an assessment of 
viability by trypan blue exclusion to ensure that the cells were 
viable at and after the time of injection. Once visible, tumors 
were measured using a digital caliper (Pittsburgh, model 6ZBT-
MCO) along the major axis (length), minor axis (width) and z 
dimension (height), which were substituted into the volume 
formula = (length) X (width) X (height) X (π/6). When tumor size 
surpassed 100 mm3, the animals were randomly segregated 
into the vehicle control group, immune-reconstitution control 
group or virus treatment group.

Virotherapy of HCT116 Xenografts in nude mice

The virus treatment group was composed of five tumor-bear-
ing athymic nude mice. A single virotherapeutic injection of 5 × 
106 plaque-forming units (pfu) suspended in 100 μl Dulbecco’s 
phosphate-buffered saline (DPBS) solution was administered in-
tratumorally once tumor volume exceeded 100 mm3. Both the 
vehicle and immune-reconstitution control groups consisted of 
three animals and experienced only a mock virotherapeutic in-
jection (100 μl of vehicle DPBS only). Mouse weights and tumor 
volumes were measured and recorded at every other day there-
after. Data were collected for a total of 40 days.

Reconstitution of immune system

Thirteen days after virotherapy or mock therapy, the mice 
in the virus treatment and immune-reconstitution control 
groups were immune reconstituted by the adoptive transfer of 
3 x 106 splenocytes/mouse from the immunologically matched 
immuno-competent Balb/C mice. At first, the spleens from the 
immuno-competent mice were harvested and kept in a beaker 
containing DMEM. The spleens were placed into a cell strainer 
and mashed with a cell scraper through the cell strainer into 
a beaker containing DMEM to isolate the splenocytes. The cell 
strainer was rinsed with DMEM to collect any remaining sple-
nocytes into the beaker. The splenocytes suspended in DMEM 
were transferred into a 15 ml tube and centrifuged at 1000 RPM 
for 8 minutes. The supernatant was discarded, and the pellet 
was re-suspended in DPBS. The splenocytes suspended in DPBS 
were centrifuged at 1000 RPM for 8 minutes again. Afterward, 
the supernatant was discarded, and the cells were suspended 
in DPBS. The cells were then counted and scored for viability by 
trypan blue exclusion to ensure the desired number of 3 x 106 
cells injected into each mouse.

Statistics

The virus treated (virus + immune-reconstitution) group was 
compared to the immune-reconstitution control and vehicle 
control groups to assess the therapeutic efficacy of the virus 
using the Satterthwaite’s method. The analysis was carried out 
using percent of initial tumor volume as the response variable. 
The response variable was log-transformed so that the model 
assumptions were satisfied. Day 0 was not included in the anal-
ysis because all subjects had the same value on that day (i.e., 
Percent of Initial Volume = 100 on Day 0). Virotherapeutic treat-
ment was considered to have produced a significant therapeu-
tic effect if the average tumor volume at a specific time point 
and within a group was significantly reduced when compared 
to the control groups. The significance codes used in the study: 
0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘..’ 1.

Results

TPV caused regression of the injected tumors 

Concentrated stocks of TPV/Δ2L/Δ66R/FliC were produced 
using previously optimized protocols in OMK cells [9]. Concen-
trated virus stock showed a titer of 1 × 1010 pfu/ml. This virus 
stock was then diluted to a dosage of 5 × 106 pfu/ml that was 
used in the current study. Tumors were then induced by sub-
cutaneous injections of 6 X 106 HCT116 cells on both the left 
and right flanks of inbred Balb/C nude mice to determine the 
immuno-oncolytic efficacy of TPV/Δ2L/Δ66R/FliC against hCRC. 
Upon development of the tumors, mice were randomly distrib-
uted into three groups: 1. virus treatment (virus + immune-
reconstitution) group, 2. immune-reconstitution control group, 
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and 3. vehicle control group. Once one of the two tumors in a 
mouse surpassed a volume of 100 mm3, the mouse was sub-
jected to either virotherapy or mock therapy with DPBS, and 
we marked this time as day 0. The tumor volumes were mea-
sured every other day, starting from day 0. On day 14, the mice 
from groups 1 and 2 were immune-reconstituted by the adop-
tive transfer of 3 x 106 splenocytes per mouse intraperitone-
ally (IP). The virotherapeutic results for the injected tumors are 
presented in (Figure 1). Both the immune-reconstitution con-
trol and the virus treatment groups showed a sharp decline in 
tumor volumes compared to the vehicle control group. The vi-
rus treatment group resulted in a better tumor regression com-
pared to both the control groups. When the percent changes 
in tumor volume from day 24 to day 38 were compared, the 
virus treatment group demonstrated a significant tumor regres-
sion at three time points (day 32, 36 and 38) compared to the 
immune-reconstitution control group. When compared to the 
vehicle control group, treatment with TPV/Δ2L/Δ66R/FliC was 
significantly different at almost every data point. Nearly com-
plete reduction of injected tumors could be observed for 80% of 
the mice in the virus treatment group prior to the experiment’s 
termination. These results strongly suggest that the mice were 
immuno-competent and establish the anti-tumor efficacy of 
this virus in immuno-competent mice.

Figure 1: Tumors were induced by subcutaneous injection of 6 × 
106 HCT116 cells on both the left and right flanks of Balb/C nude 
mice. Upon development of the tumors, the mice were randomly 
distributed into the following groups: 1. virus + immune-reconsti-
tution, 2. immune-reconstitution only, and 3. vehicle only. Once 
one of the two tumors on a mouse reached above 100 mm3, it was 
injected intratumorally (IT) with either 5 x 106 TPV/Δ2L/Δ66R/FliC 
(group 1) or with vehicle only (groups 2 & 3). This was marked as 
day 0. The tumor volumes were measured every other day starting 
from day 0. On day 14, mice from groups 1 and 2 were immune 
reconstituted via the adoptive transfer of 3 x 106 splenocytes IP. In 
the graph, the y-axis represents the logarithmic value of the per-
cent volume change compared to day 0 in the primary (injected) 
tumor (mm3) and the x-axis represents the time (days post viro-
therapeutic injection). Tumor volume was calculated using the for-
mula: (length) × (width) × (height) × (π/6). Percent change of the 
average tumor volume is shown (blue, green, and red filled circles 
for groups 1,2, and 3 respectively). Bars show the standard error 
of the mean (±1 SEM). Points indicated with an asterisk (*) show 
a significant reduction between groups 1 and 2 (*P < 0.05, **P < 
0.01, ***P < 0.001). The number of mice per group was as follows: 
groups 1 & 2 with three mice each, and group 3 consisted of five 
mice.

Figure 2: Tumors were induced by subcutaneous injection of 6 × 
106 HCT116 cells on both the left and right flanks of Balb/C nude 
mice. Upon development of the tumors, the mice were randomly 
distributed into the following groups: 1. virus + immune-reconsti-
tution, 2. immune-reconstitution only, and 3. vehicle only. Once 
one of the two tumors of a mouse reached above 100 mm3, IT 
injections were performed with either 5 x 106 TPV/Δ2L/Δ66R/FliC 
(group 1) or with vehicle only (group 2 & 3) and marked as day 0. 
The tumor volumes were measured every other day starting from 
day 0. On the 14th day, mice from the groups 1 and 2 were immune 
reconstituted via the adoptive transfer of 3 x 106 splenocytes IP. In 
the graph, the y-axis represents the logarithmic value of percent 
volume change in the non-injected tumor (mm3) compared to day 
0 and the x-axis represents the time (days post virotherapeutic in-
jection). Tumor volume was calculated using the formula (length) 
× (width) × (height) × (π/6). Percent change of the average tumor 
volume is shown (blue, green, and red filled circles for groups 1,2, 
and 3 respectively). Bars show the standard error of the mean (±1 
SEM). Points indicated with an asterisk (*) show a significant re-
duction between group 1 and 2 (*P < .05, **P < .01 ***P < .001).

TPV caused regression of non-injected contralateral tumors

To determine whether the intratumoral virotherapy of pri-
mary tumors can cause regression of the non-treated metastat-
ic tumors, we induced and recorded the volume of a second 
tumor contralateral to the primary injected tumors. Analyses 
of these non-injected tumor volumes showed that both the 
immune-reconstitution control and the virus treatment groups 
had a sharp regression of tumor volumes compared to the ve-
hicle control group. When the percent changes of tumor vol-
ume data from day 24 through day 32 were compared, both the 
groups showed significant tumor regression at all time points 
compared to the vehicle control group. There was an obvious 
tumor regression in the virus treated group, and on day 32, the 
group showed a higher tumor regression than the immune-re-
constitution group. However, no significant differences in the 
tumor regression could be observed between the virus treat-
ment and immune-reconstitution control groups.

Discussion

Here, we present one of the first-ever reports of the immu-
no-oncolytic efficiency of TPV in an immuno-competent model. 
As TPV only replicates in humans and monkeys, this is a signifi-
cant step forward for the development of other tropism-limited 
OVs. Poxviruses have been shown to bear oncolytic potential 
against CRC [21,23-25,38-40]. In fact, several clinical trials have 
been conducted to evaluate their immuno-oncolytic efficacy 
against CRC in humans [41-43]. Antiviral immune response [44, 
45] and person-to-person transmission are two of the major 
hurdles in OV therapy. The availability of an entire spectrum 
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of antigenically and serologically distinct oncolytic viruses may 
enable sidestepping the antiviral response as patients can be 
treated in series as they develop immunity to each virus uti-
lized. There has been no report of human-to-human transmis-
sion of TPV. Hence, oncolytic TPV can be a valuable addition to 
the OV repertoire.

The safety and ease with which viruses can be produced 
and maintained at a high titer in the laboratory are desirable 
features in OVs [46]. Manufacturing constraints may hinder the 
high titer production of many OVs [47,48]. A high dose of OV is 
especially required for systemic delivery due to the possibility of 
a significant portion of the administered OV being neutralized 
by the pre-existing antibodies, circulating complements, and 
non-specific uptake of the OVs [44,45]. Besides, virus-mediated 
toxicities and maximum tolerated dose (MTD) of OVs needs 
to be determined for a safe and effective OV therapy [49,50]. 
Hence, the production of high titer OV stock is warranted. Our 
virus replicates reasonably efficiently in the proper laboratory 
culture. Notably, OMK cells were found to be highly permissive 
for high virus titer production. A concentrated TPV/Δ2L/Δ66R/
FliC stock consisting of 1 X 1010 pfu/ml were obtained during 
this study.

Virus mediated cytolysis can be beneficial for the regression 
of tumors when implementing oncolytic virotherapy. However, 
another benefit of OV therapy derives from the potential in-
duction of anti-tumor immunity [51]. The study of OV mecha-
nism of action warrants experimental models that reproduce 
both the tumor-killing and immune activation effects of these 
viruses. The most commonly used preclinical models, so far, 
have been immuno-compromised mice and syngeneic tumor 
models. Despite differences in the immune system between hu-
mans and mice, these models have been useful in elucidating 
the safety, efficacy, and the interactions of OVs with the host in-
nate immune system [9,52,53]. However, the immuno-deficient 
models' defective adaptive immune system is unsuitable for 
understanding OVs' interaction with the entire immune system 
intact [54]. Therefore, to examine such interactions, immuno-
competent models are required. Many OV studies have used 
syngeneic tumor models, and the results obtained from these 
studies showed the role of OVs, particularly those armed with 
immune-stimulatory transgenes, to elicit a host anti-tumor im-
mune response and immunological anti-tumor memory [55-
58]. Our previous study has shown that the recombinant TPV/
Δ2L/Δ66R/FliC resulted in a significant hCRC tumor reduction in 
nude mice and induced some anti-tumor innate immune activ-
ity [9]. In the present study, we used an immuno-competent 
model to better understand the immune system's participation 
and interaction, particularly the adaptive system, with TPV/Δ2L/
Δ66R/FliC in the treatment of CRC.

One weakness associated with the preclinical TPV study is 
that it is not a natural pathogen of rodents and does not repli-
cate in mouse cells. Similar challenges have been shown to be 
present for other OVs as well [59]. In order to eliminate such an 
obstacle, we used hCRC xenografts in Balb/C mice. To establish 
and prevent the immediate rejection of the xenograft, we used 
immuno-deficient mice. We subsequently reconstituted the im-
mune system in these immuno-deficient Balb/C nude mice by 
the adoptive transfer of splenocytes from the immunologically 
matched, normal Balb/C mice which are immuno-competent. 
However, we first allowed the xenografted tumor volume to 
surpass 100 mm3 before starting virotherapy and subsequent 
immune reconstitution of these nude mice. One reason behind 

this experimental design was that a well-established tumor of 
such size would be more resilient to immune rejection.

We kept a window of thirteen days between the adminis-
tration of the virus and the mice's immune reconstitution. The 
purpose was to allow TPV's initial proliferation in the tumor in a 
partly compromised immune state. According to Speranza and 
colleagues, an ideal OV therapeutic approach may warrant an 
initial immune suppression to facilitate sufficient viral replica-
tion to harness the host immune system's power for a durable 
systemic anti-tumor effect and improved tumor reduction [63].

A single intratumoral injection of TPV/Δ2L/Δ66R/FliC caused 
a robust reduction of the injected tumors. An almost complete 
reduction of injected tumors was observed for 80% of the mice 
in the virus treatment group by the time the experiment was 
terminated. The ability to produce a curative effect against 
cancer upon a single dose is a desirable feature of OV thera-
py and is absent for many OVs that require booster shots to 
produce sufficient antitumor effect [60]. The TPV/Δ2L/Δ66R/
FliC-mediated reduction of the tumors was found to be more 
pronounced toward the end of the experiment. When tumor 
volumes from day 24 to day 38 were compared, a significant 
reduction of the injected tumor volumes in the virus treatment 
group was observed at three different time points – on day 32, 
36, and 38, compared to the immune-reconstitution control 
group. During this period, the regression of these virus treated 
tumors was significant at nearly all time points compared to the 
vehicle control group. This period of robust tumor regression in 
the virus treatment group followed the immune reconstitution 
of the mice and coincided with the time-period required for 
the development of possible anti-tumor immunity. Thus, these 
tumor regression time points suggest the involvement of the 
adaptive immune system against CRC xenografts. This is sup-
ported by the robust regression of the tumors in the reconstitu-
tion control group. Graft rejection is mediated via T-cell activity, 
which is absent in athymic nude mice used in this study. There-
fore, splenocyte reconstitution from immunologically matched 
normal mice must have supplied the T cells necessary to mount 
the rejection response and anti-tumor activity. 

Interestingly, a notable anti-tumor effect could also be ob-
served on the non-injected tumors contralateral to the injected 
tumors. The regression of these tumors was evident and sig-
nificant compared to the vehicle control group; however, it was 
not significant compared to the immune-reconstitution control 
group. The reduction of these contralateral tumors in the TPV/
Δ2L/Δ66R/FliC treated mice may suggest the induction of sys-
temic anti-tumor immunity. Virus infection is known to induce 
vigorous cytotoxic T cell responses, and the systemic immunity 
can arise from intratumoral injections of OVs [61]. Previous 
studies have shown the induction of tumor-specific cytotoxic 
T cell-mediated immunity following intramural OV inoculation 
[62].

Conclusion

In conclusion, TPV/Δ2L/Δ66R/FliC caused significant regres-
sion of injected tumors in immuno-competent mice. A notable 
reduction of non-injected tumors contralateral to these inject-
ed ones could be observed, suggesting the induction of system-
ic anti-tumor immunity. Taken together, these results showed 
that the recombinant TPV/Δ2L/Δ66R/FliC might be a potential 
candidate for treating CRC in humans and should be explored 
further for the complete realization of its potential.
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