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Abstract

Purpose: Cervical cancer (CxCa), is mainly caused by high-risk human papillomaviruses
(hrHPV), which disrupt the regulation of p53 and pRb, leading to uncontrolled cell\growth and
cancer progression. Co-infection with human polyomaviruses like MCPyV hassbeeniebserved
in some HPV-positive cases, suggesting a potential combined effect on“tumor development.
Cisplatin is commonly used for advanced CxCa, but resistance, often due te p53 disruption,
remains a significant challenge. challenge. This study investigates if MCPyV ST oncoprotein,
together with HPV-18 oncoproteins, affects the transcription of key genes,, influencing cell
proliferation and cisplatin resistance in CxCa.

Methods: The sT gene was cloned into the pCMV6 vector andiintroduced into E. coli DH5a
cells. HelLa cells were transfected with pCMV6-sT using, Lipofectamine 3000. Transfection
efficiency was assessed using fluorescence microscopy«and flew eytometry. Protein expression
was analyzed by SDS-PAGE and Western blotting. #Cytotexicity was measured with the MTT
assay, gene expression was analyzed by RT-QPCR,Ki-67 staining was performed on cell
blocks, and cisplatin-induced effects on cell proliferation’ and apoptosis were examined.

Results: Cytotoxicity assays showed a significant, increase in cell viability at 0.2 pug of sT
plasmid after 72 hours (13.76%, P <%0.05). MCPyV sT expression significantly upregulated
the mRNA levels of E1 (4.22-fold), E6/E7 (3.80-fold), and MMP1 (6-fold) (P < 0.001).
Increased Ki-67 positivity, indicated “enhanced cell proliferation. Additionally, ST expression
reduced cisplatin-induced «apoptosis, with fewer apoptotic cells observed in the sT + cisplatin
group compared to the cisplatin-only.«group (25.9% vs. 38.3%, P < 0.05).

Conclusion: The simultaneous presence of MCPyV sT and HPV oncoproteins enhances
resistance to cisplatinsindueed apoptosis in cervical cancer cells, necessitating further
investigation inte~viral oneopratein interactions to overcome therapeutic resistance.

Keywords; Cervical cancer, Cisplatin, sTAg, MCPyV, HPV-18, HeLa
Introduction

Cervical cancer (CxCa) is a widespread disease affecting women globally, causing significant
morbidity and mortality.! The primary cause of CxCa is infection with human papillomavirus
(HPV), with over 200 identified types categorized by their oncogenic potential.2 Among the
high-risk HPV types (hrHPV), HPV-18 is the second most prevalent, contributing to 65% of
all cases of invasive CxCa worldwide.2 Infection with high-risk HPV types is known to
contribute to the continued development and worsening of cervical dysplasia.> HPV DNA
integration into the host genome disrupts the EI1/E2 regions, removing the E2 protein's
regulatory control over the E6 and E7 oncogenes.® This leads to reduced p53 expression and
degradation of both p53 and retinoblastoma (pRb) by E6 and E7, respectively, impairing cell
cycle regulation and promoting uncontrolled cell proliferation, which can result in the
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development of high-grade cervical intraepithelial neoplasia (CIN) 2 and 3 lesions and invasive
cancer.3->8 Furthermore, the E1 protein of HPV-16 and -18 can regulate genes involved in cell
proliferation, migration, and metastasis, all of which contribute to cancer development.’

While HPV infection is the primary cause of CxCa, its presence alone does not suffice for
cancer development. The risk of cervical carcinogenesis may increase when other infections
coexist with HPV.8 Co-infection with human polyomaviruses has been noted in tumors that
test positive for hrHPV, indicating that these polyomaviruses could function as contributing
factors in HPV-associated cancer development.® Merkel cell polyomavirus (MCPyV),
recognized as a causative agent of Merkel cell carcinoma (MCC), a highly aggressive form of
skin cancer, has its DNA present in approximately 80% of MCC cases. Like hrHPV in cervical
cancer, MCPyV genome integration has been identified in all virus-positiveq MCC cases
studied.1® In cervical tumor samples, MCPyV DNA was found in 19% of hrHP\/-positive
cervical squamous cell carcinomas and 25% of hrHPV-positive cervical, adenocarcinomas.*?
Additionally, another study reported that 34% of hrHPV-positive cervicaly tumors ‘Wwere also
MCPyV DNA positive.10

The early region of the double-stranded DNA genome of MCPyV encodes the large T antigen
(LT), small T antigen (sT), and 57 KT antigen (57kT).1?2 Both LT and/sT inhibit growth
suppression by interfering with pRb and p53, respectively.® Integration often leads to tumor-
specific truncation mutations that sustain the expression ofisT and tedncated large T antigen
(LTT) mutants, which retain the critical N-terminal RB&binding, LLXCXE motif. This motif is
essential for blocking the tumor-suppressing activity of pRb.ALTT and sT, produced from the
integrated viral genome, serve as the main Qmcoproteins promoting the ongoing growth and
survival of tumor cells.!* While LT's activation“of pS§3 may have an anti-tumorigenic effect,
sT's inhibition of p53 tends to favofstumorigenesis:®> MCPyV sT can cause cellular
transformation in Ratl fibroblast cells andfacilitate tumor development in p53-null transgenic
mice, highlighting sT's role as a major,contribltor to oncogenesis. 617

K67 is a nuclear antigen found in“all active phases of the cell cycle (G1, S, G2, M) except
GO, and it indicates cell proliferation.*8Elevated Ki-67 expression signifies abnormal cell
growth, particularly in advanced¢cervical lesions, and serves as a biomarker for diagnosing
cervical lesions, providing,,insights “into tumor progression, grading, and prognosis.2® Matrix
metalloproteinases (MMPs)na group of zinc-containing endopeptidases, are essential for
regulating tumor angiegenesis, invasion, and metastasis by remodeling and degrading the
extracellular matrix.2% Dysregulation of MMP transcription, especially MMP1, can promote
tumor metastasis.?? Thesoverexpression of MMP1 is considered an unfavorable prognostic
indicator in cervieal cancer due to its role in degrading the extracellular matrix during tumor
invasion.??

Single-agent ¢isplatin (cis-diamminedichloroplatinum, CDDP) is the most effective treatment
for advaneed or recurrent CxCa.2* Its mechanism involves forming DNA adducts that initiate
programmed cell death through key signaling pathways.?> CDDP-induced apoptosis is
primarily regulated by the p53 protein, which interacts with Bcl-2 family proteins in the
mitochondria and/or cytosol, activating the intrinsic apoptosis pathway. CDDP additionally
triggers the activation of the ataxia telangiectasia and Rad3-related (ATR) kinase, resulting in
phosphorylation and subsequent activation of p53.26 Despite CDDP's effectiveness, many
patients experience drug resistance upon relapse. Potential mechanisms contributing to
cisplatin resistance include changes in cellular absorption and efflux, heightened metabolism
and detoxification processes in the liver, as well as improved DNA repair and anti-apoptotic
pathways.?” The E6 protein of HPV-16 has been shown to bind to p53, disrupting its
transactivation and apoptotic functions, thereby contributing to platinum resistance. 26
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Up to now, no research has examined whether the simultaneous expression of the sT
oncoprotein of MCPyV, along with HPV-18 oncoproteins, affects the transcriptional regulation
of key genes such as E1, E6/E7, and MMP-1, potentially promoting cell proliferation and
reducing cisplatin-induced apoptosis in cervical cancer cells. This study aims to explore this
relationship, which could provide new insights into the mechanisms of cell proliferation,
metastasis, and cisplatin resistance in CxCa.

Materials and Methods
Materials

HelLa cells and Escherichia coli DH5a were sourced from the National Cell Bank of Iran
(NCBI Code: C115, Pasteur Institute, Tehran, Iran). The following reagents were utilized:
Dulbecco’s modified Eagle’s medum (DMEM), 10% fetal bovine _Serum, (FBS), pfu
polymerase, MTT solution, Dimethyl sulfoxide (DMSO), 3,3'-Diaminobenzidine (DAB),
cisplatin, and 1% penicillin/streptomycin (all obtained from Sigma-Aldrich); trypsin®solution
(32778-05, Nacalai Tesque); EcoRI, Xhol, T4 DNA ligase, and Lipafectamine 3000 reagent
(Thermo Fisher Scientific, Waltham, MA, USA); GFI Nucleic ‘Acid, extraction kit (Vivantis
Technologies Co., Malaysia); polyvinylidene fluoride (PVBF) membranes (Millipore,
Feltham, UK); RiboEx™ total RNA extraction kit (GeneAll, “Korea); PrimeScript RT Reagent
Kit (TaKaRa, Japan); RealQ Plus 2x Master Mix Green (Ampligon, Denmark); rabbit anti-
human Ki-67 monoclonal antibody (Clone SP6, Vitre MastersDiagnostica, Granada, Spain);
EnVision+ Dual Link System-HRP solution (Dako, Glostrup, Denmark); and PE-Annexin V
Apoptosis Detection Kit (BD Biosciences, Bedford, MA, USA).

Cloning of the sT Gene into the pEM V6 Vector

The sT gene, composed of 186 amino.acids, was, synthesized and first inserted into the pUC57
vector by BIOMATIK, based on the, mRNA sequence from NCBI (GenBank ID:
AEMO01096.1). The gene wasamplified /using polymerase chain reaction (PCR) with pfu
polymerase. Forward and feverse.primers were designed using Gene Runner software (version
3.05, Hastings Software InC.,"Hastings, NY, USA) with EcoRI and Xhol restriction sites at the
N- and C-termini, ¢ respectively. The primer sequences were: Forward: 5'-
GAATTCATGGATEIAGTCCTAAATAG-3/, and reverse: 5'-
CTCGAGCTAGAAAAGGTGCAGAT-3". The resulting amplification fragment of the sT
gene was inserted inte._the pCMV6-AC-IRES-GFP mammalian expression vector using T4
DNA ligases™Competent E. coli DH5a cells were transformed with the recombinant plasmid
containing ‘the sT gene (pCMV6-sT). The vector was authenticated through colony PCR,
enzyme digestion, and Sanger sequencing. The Sanger sequencing results were analyzed using
FinchT\/ software (version 1.4.0;  http://www.geospiza.com/product/finchtv.shtml).
Subsequently, the recombinant plasmids were amplified in E. coli DH5a and purified using the
GFI Nucleic Acid extraction kit, according to the manufacturer’s instructions.

Cell Culture and Vector Transfection

HelLa cells were cultured in a complete growth medium (DMEM, 10% FBS, and 1%
penicillin/streptomycin) and incubated at 37°C in a 5% COZ2 environment. After 24 hours of
growth, cells were transfected with pCMV6-sT and mock control plasmids. For transfection,
cells were seeded in 6-well plates at a density of 8 x 1075 cells per well. Upon reaching 60—
70% confluence, cells were transfected using Lipofectamine 3000 reagent, following the
manufacturer's protocol. The Lipofectamine 3000 reagent and DNA were mixed, and the
complex was incubated at room temperature for 15 minutes before being introduced to the
cells. After transfection, cells were washed with PBS and cultured in fresh media for 4-6 h.
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Fluorescence Microscopy and Flow Cytometry Analysis

Transfection efficiency was assessed using both transmission and fluorescence microscopy.
Transfected cells were examined under an Olympus microscope with a 20x objective lens at
24, 48, and 72 hours post-transfection. Fluorescent images were captured using a GFP filter
cube, and transfection efficiency was quantified by counting green and non-green cells. Four
images were taken at each time point, with 100 cells analyzed per image. For flow cytometry,
cells were washed with PBS at 48 and 72 hours post-transfection, detached with trypsin-EDTA,
and resuspended in PBS after centrifugation (350x g for 5 minutes). Fluorescent intensity was
evaluated using a FACSCalibur flow cytometer (BD Biosciences, California, USA), analyzing
10,000 cells per experiment. Data were processed with FlowJo software (version 10.0).

SDS-PAGE and Western Blotting

Cell lysates were prepared as previously described and mixed with 5xpsample buffery then
boiled at 95°C for 10 minutes.?® Samples were subjected to SDS-PAGE tisingithe Laemmli
method.2® Equal protein amounts from each sample were electrophoresed %on12% SDS-
polyacrylamide gels and transferred onto PVDF membranes usingfa Bio-Rad” Mini Trans-
Blot® electrophoretic transfer cell (300 mA for 3 hours). Membranes were incubated in a
blocking solution (5% skim milk, 0.05% Tween 20) for 16 hours, thenswashed with TBST (150
mM NaCl, 50 mM Tris-base, 0.05% Tween 20) for 15 minutes, sT protein abundance was
measured using a polyclonal anti-sT antibody raised in rabbitsythrough standard immunization
protocols.3® The rabbit was mitially immunized with 500 ug,of $ynthetic peptide and boosted
twice with 250 pg of the same antigens@™at %3-week intervals. The peptide
MDLVLNRKERREALC, corresponding to MCV small, T>antigen exon 1 as described by
Kwun et al.,3! was synthesized by Proteagenix',(@berhausbergen, France) with >95% purity.
An anti-p-actin antibody (diluted 1:5000;, Santa) Cruz Biotechnology) served as an internal
control during ST protein immunoblotting. \After, three washes with TBST, a horseradish
peroxidase-conjugated secondary antibody (130,000, Sigma-Aldrich) was applied to the
membrane and incubated for 1 hourtat roem temperature, followed by two washes with TBS
buffer (50 mM Tris-base, 150 mM NaCl)..Finally, a substrate solution containing 5mg of DAB
and 5 pL of H202 in 10 mEyef ddH>O was added to initiate the reaction, which was termmnated
by adding ddH-O.

Cytotoxicity Assay

The cytotoxicity ofthe sT protein was assessed using the MTT assay. HelLa cells were seeded
in 96-well plates at adensity of 8,000 cells per well in 200 pL of culture medium and incubated
at 37°C with*5%,C0O2. Upon reaching 70% confluence, cells were transfected with varying
amounts of pCMV6-sT and mock plasmid (0.1 to 0.25 pg). Cell viability was evaluated at 24,
48, and 72yhoursfpost-transfection by adding fresh medium containing 20 uL of MTT solution
(5 mg/mlé) to €ach well and incubating for 4 hours. Afterward, 150 uL. of DMSO was added to
each well,, and absorbance was measured at 570 nm using a Sat Fax 2100 microplate reader
(Stat Fax, USA). The experiment was conducted in triplicate.

Reverse Transcription Quantitative PCR Analysis

To analyze small T antigegn mRNA expression levels, HelLa cells transfected with pCMV6-sT
and mock plasmid were collected at 48 and 72 hours post-transfection. Total RNA was
extracted using the RiboEx™ kit, and cDNA was synthesized at 37°C for 15 minutes with the
PrimeScript RT Reagent Kit. DNase was used to eliminate potential plasmid contamination.
The experiment was conducted using the ABI Prism 7000 Sequence Detection System
(Applied Biosystems) and RealQ Plus 2x Master Mix Green. Primer sequences for RT-gPCR
were designed using Gene Runner software and are detailed in Table 1. Standard curves were
established to assess primer efficiency, and the relative fold changes of target genes were
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calculated following the Pfaffl method,3? with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as the housekeeping gene (Forward: GGCCTCCAAGGAGTAAGACC, Reverse:
AGGGGTCTACATGGCAACTG).33 The thermocycling protocol included initial denaturation
at 95°C for 5 minutes, followed by 40 cycles of 95°C for 15 seconds, annealing at a specific
temperature for 20 seconds, and extension at 72°C for 25 seconds.

Ki-67 Immunocytoche mistry

To assess the impact of the MCPyV sT protein on the proliferation of HelLa cells, Ki-67, awell-
established proliferation marker, was employed to evaluate the growth fraction of the cell
populations.

Cell Block Preparation: HelLa cells were transfected with either pCMV6-sT ora mock plasmid,
along with untreated cells. After collection, the cells were washed twice with cold, PBS and
centrifuged at 300x g for 10 minutes. Cell blocks were prepared followingthe plasma-thrombin
method described by Poojan et al.3* The resulting clot was transferred te, a tissue\ bag and
cassette, fixed in formalin, and processed in a Shandon Citadel 2000 tisSue processor. Serial
sections (3-4 um) were cut from the cell blocks, deparaffinized mexylene, and underwent
epitope retrieval via heat-induced microwave treatment in 10 mM citrate “buffer (pH 6.0).
Endogenous peroxidase activity was inhibited using 10% H-O-, and non=specific binding sites
were blocked with a protein blocking agent (Dako, Glostrupy, Denmark). The slides were
incubated for 1 hour at room temperature with a 1:200 dilution “ef rabbit anti-human Ki-67
monoclonal antibody in a humidified chamber, followed%by“as30-minute incubation with
EnVision+ Dual Link System-HRP solution. DAB servedyas the chromogen in the presence of
hydrogen peroxide, while nuclei were counterstained, with Meyer’s hematoxylin. Slides
without primary antibody acted as negative controls.

Interpretation of Ki-67 Immunostainings, Findings: Ki-67 staining was scored semi-
quantitatively based on labeling intensity (0= absent; 1 =weak; 2 = moderate; 3 = strong) and
the percentage of positive cells (0%-—200%). A.final score was calculated by multiplying the
percentage of positive cells by the lintensity, with a maximum possible score of 300.3° Two
independent investigators assessedhtheyscares, with inter-observer differences of less than 4%,
and the average of their values was used.

Treatment of Cells with CBDPR,and Cell Proliferation Assay

HelLa cells were seeded into 96-well plates at a density of 8,000 cells per well and incubated at
37°C with 5% CQs. Upon teaching 70% confluence, the cells were transfected with either
pCMV6-sT ormock control plasmids, following the transfection protocol from Thermo Fisher
Scientific. Afteria 24-hour incubation to allow adherence and to reach 50-60% confluence, the
cellsgawere “treated ™with varying concentrations of cisplatin (1 to 4 ug/mlL) based on its
previously, determined inhibitory concentration (1C50).36 Cell proliferation was evaluated 72
hours post-trapsfection. Control groups included cells treated with CDDP and untreated cells
that wereyneither transfected with pCMV6-sT nor the mock plasmid.

Apoptosis Assay

The level of apoptosis was assessed in 5 x 10”5 transfected Hela cells. After 72 hours, the
cells were washed with 1 mL of PBS and detached using 250 pL of trypsin solution, followed
by centrifugation at 350x g for 5 minutes. The supernatant was discarded, and the cells were
washed twice with cold PBS. The apoptosis assay was conducted using a PE-Annexin V
Apoptosis Detection Kit according to the manufacturer's instructions. In brief, HelLa cells
transfected with pCMV®6-sT, mock plasmid, and untreated cells were resuspended in 400 puL
of binding buffer, incubated with 5 uL of PE-conjugated Annexin V in the dark for 15 minutes,
and subsequently stained with 7-AAD. After an additional 15-minute incubation at room
temperature, flow cytometric analysis was performed using a FACSCalibur flow cytometer
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(BD Biosciences, San Jose, CA, USA). Data analysis was conducted with FlowJo software
version 10.0.

Statistical Analysis

Statistical analyses were performed with GraphPad Prism software version 8.0 (GraphPad
Software Inc., La Jolla, CA, USA). Given the non-normal distribution of the data, we applied
the Kruskal-Wallis test, a non-parametric approach, to compare the mean differences across
multiple independent groups and determine statistical significance. Results are expressed as
means = SD, with a p-value of less than 0.05 considered statistically significant.

Results and Discussion

Evaluation of pCMV6-sT-GFP Cloning, Transfection, and MCPyV_ STy Protein
Expression in HeLa Cells

To verify the successful insertion of the sT gene into the pPCMV6-AC-IRES=GFR, vector, PCR
amplification was performed. Agarose gel electrophoresis displayed a 574-bp band,confirming
the cloning of the sT gene. Dual digestion of the recombinant pCMV6-sT plasmid”® yielded
bands at approximately 571 bp and 6729 bp, providing evidencegof accurate ‘cloning. Further
validation was achieved through Sanger sequencing, which, configmed="the fidelity of the
cloning process.

Transfection efficiency was evaluated using fluorescence jmicrascopy, which revealed that over
70% of HeLa cells were transfected with either the mack orRpCMV6-sT plasmids (Figure 1A
and B). Flow cytometry, conducted at 48 and 72 heurs paest-transfection, showed efficiencies
of 36.7% and 71.3%, respectively, for pCMV6=sT (Figure. 1C).

Western blot analysis confirmed high levels oFMEPYA/ST protein expression in pPCMV6-sT-
transfected Hela cells, with no detectable expression in untreated or mock-transfected cells
(Figure 1D).

Cytotoxicity Assay

Hela cells were treated with varying “eencentrations of pCMV6-sT and mock plasmids (0.1,
0.15, 0.2, and 0.25 ng of DNA) for 24; 48, and 72 hours. After 72 hours, transfection with 0.2
ug of pCMV6-sT led to asignificant®13.76% increase in cell viability relative to untreated and
mock-transfected cellso(P <%0.05). No significant changes in viability were observed at 24 or
48 hours (P > 0.05)«(Rigure. 2).

Effect of MCRyV sTaRrotein ‘Expression on E1, E6/E7, and MMP1

The effects®of HPV JE6 and E7 on cell cycle disruption, apoptosis inhibition, and genomic
instability are well-known, though E1's role beyond viral replication remains unclear. E1 has
been found, to“drive host cell proliferation and interact with other host proteins, emphasizing
its emerging role in cervical carcinogenesis.®” In this study, we assessed the expression of E1
and E6/E7 in untreated, mock-transfected, and pCMV6-sT-transfected cells. RT-gPCR
analysis showed that MCPyYV sT expression significantly increased E1 and E6/E7 mRNA
levels in pCMVG6-sT-transfected HeLa cells compared to controls, with P < 0.005 at 48 hours
and P < 0.001 at 72 hours (Figure 3A and B).

A previous study has shown that MCPyV full-length LT, sT, or a combination of sT and LT
enhances the transcriptional activity of HPV-18 LCR in C33A and HSC-3 cells, with cell-type-
specific effects.!® Research indicates that the LT and sT proteins of the polyomavirus SV40
stimulate HPV promoters in various cell lines, suggesting that MCPyV sT may play a similar
role. Specifically, SV40 LT increased HPV-18 promoter activity 13-fold in HeLa cells and
approximately threefold in both 3T6 and SW13 cells.38 In human keratinocytes, the presence
of both LT and sT led to a nine-fold increase in HPV-18 promoter activity.2® In human
embryonic fibroblasts, SV40 sT stimulated HPV-16 promoter activity by 20- to 30-fold,
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whereas LT's effect was 5- to 6-fold weaker.0 In line with these findings, the present study
showed that MCPyV sT increased E1 and E6/E7 mRNA levels of HPV-18 by 4.22- and 3.80-
fold, respectively. The mechanism by which MCPyV sT enhances HPV-18 LCR activity
remains unclear, though it may not involve the typical sT interactions with HSC70, PP2A, or
Fbxw7, as described by Rasheed et al.1? Further research is needed to identify the specific LCR
sequences responsible for sT-induced activation.

Studies have shown that the elevated MMP1 levels are linked to poor cervical cancer
prognosis.*! Monitoring MMP1 expression could help predict the aggressiveness of the disease
and potential outcomes.*? We assessed MMP1 mRNA expression levels in untreated, mock-
transfected, and pCMV6-sT-transfected groups. The results demonstrated that MCPyV sT
expression in Hela cells transfected with the pCMV6-sT plasmid led to a significant 6-fold
increase in MMP1 gene expression at the transcriptional level, compared to both.the control
and mock-transfected groups (P < 0.001), as shown in Figures 3A and B. Taken together, the
elevated levels of E1, E6/E7, and MMP1 resulted in an increased proliferation’ index inwHelLa
cells. This observation will be discussed in more detail in the following section.

MCPyV sT Protein Increases Proliferation in HelLa Cells

Ki-67 is widely acknowledged as an important prognostic biomarker, in cervical carcinoma
research, with its expression typically being highest in tumars “exhibiting poor clinical and
histopathological characteristics.*® This marker is detected throughout the active phases of the
cell cycle, including G1, S, G2, and M, but is absent in the, dokmantyGO phase.** In the present
study, immunocytochemistry results confirmed the expressien of Ki-67 in the cell nuclei of
pCMV6-sT-transfected, mock-transfected, and contrel cells. “While most of the HelLa cell
nuclei were Ki-67 positive, as anticipated (Figure 4A and,B); a notable difference in the Ki-67
expression score was observed after 72 hours betweenpCMV6-sT-transfected HeLa cells and
mock-transfected or untreated cells (P <'0.05). Importantly, Ki-67 expression was observed in
both untreated and mock-transfected,, cells; hewewver, the proportion of Ki-67 expression was
markedly elevated in HelLa cells transfected “with pCMV6-sT. The immunohistochemistry
results showed only a few brown cells in‘the untreated cells and mock-transfected cells. These
results indicate that the MCPyV/ST protein significantly enhances Ki-67 expression, suggesting
increased proliferation in"HPV-18-infected Hela cells. (Figure 4C). Although a high Ki-67
index is often associated withythe “severity of cervical lesions and is typically not correlated
with HPV infection,*3 «i-674canvstill be expressed during cell proliferation triggered by HPV
infection and may gprogress with the presence of the MCPyV sT protein. Thus, enhanced
immunocytochemical #'staining of pCMV6-sT-transfected cells with Ki-67 validated the
proliferative impact ofithe MCPyV sT protein in HeLa cells.

The activation of,noneanonical NF-kB (ncNF-«B) signaling by MCPyV sT and its interaction
with(the cellular ,phosphatase PP2A and the TIP60 complex, which are involved in various
signaling “pathways, including those regulating the cell cycle and proliferation, is crucial for
promoting  tumorigenesis and enhancing cellular proliferation.#546  Consistent with our
findings, ‘it has been shown that the activation of these pathways by MCPyV sT correlates with
enhanced cell proliferation in MCC).#547 Conversely, while MCPyV sT promotes proliferation,
the potential for therapeutic interventions targeting these pathways remains an area of active
research, suggesting that inhibiting ST or its downstream effects could provide new strategies
for cancer treatment.

MCPyV sT Protein Inhibits Cisplatin-Induced Cytotoxicity

Cell viability was evaluated using the MTT assay following transfection of HelLa cells with
pCMVG6-sT, treatment with cisplatin, and a combination of both. Our findings indicated that
treatment with cisplatin alone resulted in approximately 50% cell survival at a concentration
of 3.01 pg/ml compared to the control group. Subsequently, cells were treated with pCMV6-
sT combined with cisplatin (ST + Cisplatin [1-4 ug/mL]) for 72 hours. The results from the
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MTT assay (Figure 5A and B) demonstrated that MCPyV ST protein increased the IC50 value
of cisplatin to 3.62 pg/ml, suggesting that sT protein reduces the effective dose concentration
of the drug. Furthermore, when the cells were treated with a combination of cisplatin and
pCMVG6-sT, the viability rate increased from 35.02% to 50.11% after 72 hours, indicating a
statistically significant difference (P < 0.05). Earlier research has shown that cisplatin reduces
the expression of E6/E7 oncogenes in HPV-infected tumor cells,*® preventing E6 from
degrading TP53 and resulting in the accumulation of TP53 within the nucleoli of Hela cells.*?
Consequently, it has been suggested that combining cisplatin with siRNA targeting E6, E6/E7,
or HPV-16 E6/E7-CRISPR/Cas9 could synergistically restore the function of TP53 and/or
pRB, which may provide a more effective treatment for cervical cancer compared to using
either strategy individually.>%51 On the other hand, cytotoxic chemotherapy (cisplatin
combined with etoposide), which is commonly used to treat patients with advancethyMCC, often
results in limited durability of response, and only a few studies have demonstrated “a survival
benefit.>2:53 Our results indicate that the transfection of MCPyV sT oncopretein, promotessHeLa
cell proliferation in the presence of cisplatin compared to controls. MCPW. sTAg facilitates
anchorage-independent growth, serum-independent growth, and loss ofscontact, inhibition, all
of which are crucial for MCC tumor cell proliferation.16 Additionally, imyvitro”studies have
shown that MCPyV sTAg, rather than LTAg, drives a transfermed phenotype in rodent
fibroblasts by inhibiting the cellular ligase SCFFbw7, resulting.«in “the accumulation of
oncoproteins such as cyclin E and c-Myc.16:54 Hence, it can be ¢oncluded that MCPyV sTAg
enhances the ability of HeLa cells to proliferate and grow;.even inthe presence of cisplatin.

MCPyV sT Protein Inhibits Cisplatin-Induced Apoeptosis

Cisplatin is a vital medication for treating cervical cancer due to its capacity to inhibit tumor
cell growth by causing DNA damage and.triggering, apeptosis.>®> The stability and activation of
wild-type p53 are crucial for the apoptotic, process induced by cisplatin. When p53 is absent,
apoptosis is hindered, resulting ‘i, a tolerance, to DNA damage and subsequent drug
resistance.>® The detection of MCPyM-BNA in ¢ervical tumor samples 57:58 has raised concerns
that the small T oncoprotein of MCPyVjalong with HPV-18 oncoproteins, may reduce the
effectiveness of cell death induced by eisplatin in cervical cancer cells. In this study, the anti-
apoptotic effects of MCPYNAST protein,on cancer cells were examined through flow cytometry
analysis using Annexin V/Pl,"as illustrated in Figure 6. HelLa cells treated with cisplatin alone
showed a significant inereaseyin apoptotic cell death, reaching 38.3% after 72 hours, which was
substantially highergthan that observed in the mock and untransfected pCMV6-sT groups (P <
0.001). However, in.cells transfected with the pCMV®6-sT vector before cisplatin treatment, the
percentage of apoptotic.cells (25.9%) markedly reduced in comparison to the cisplatin-only
group (P <0.05).

Whilew,some), studies suggest that MCV LT or sT oncoproteins do not have a p53 targeting
domain,>%6C_reeent research indicates that MCPyV sT induces transcriptional changes that
upregulaté atleast two genes: MDM2, which facilitates the proteasomal degradation of p53,
and lysine-specific histone demethylase 1A (LSD1), which is crucial for preserving the
plasticity and proliferative potential of MCC cells. 162 This process is largely driven by the
upregulation of MCT-1, which antagonizes p53 function.6® As a result, p53 levels are reduced,
impairing its ability to initiate apoptosis and promoting cell survival in oncogenic contexts.
The loss of functional p53 due to degradation contributes to resistance to apoptosis, allowing
cells to survive under genotoxic stress.®* Additionally, the interaction between p53 and miR-191-
5p further amplifies survival signals, further complicating apoptosis resistance.’®> MCPyV sT
also influences these transcriptional alterations through the recruitment of a MYCL/MAX
heterodimer to the EP400 complex.®® Although MCPyV sT does not directly target p53 like
HPV E6 protein, it still promotes p53 degradation by modulating downstream genes,
representing a unique mechanism by which MCPyV sT disrupts apoptosis regulation.
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Notably, Shuda et al. found that MCPyV sT enhances the proliferation of Merkel cell
progenitors in embryonic mice and can fully transform cancer cells in a p53-null
environment.l” They showed that prolonged MCPyV sT expression in p53-null transgenic
mice, mimicking the p53 status in HPV-infected cervical cancer cells, leads to poorly
differentiated neoplasms in the spleen and liver, underscoring the importance of the p53 tumor
suppressor pathway in sT-induced tumorigenesis.!’ This suggests that MCPyV sT may protect
cervical cancer cells from cisplatin-induced apoptosis highlighting the need for novel
therapeutic strategies to overcome this resistance. The combined expression of MCPyV sT and
hrHPV oncoproteins may impact apoptosis pathways by modulating key signaling
mechanisms. HPV E6 and E7 activate the PI3K/Akt pathway, which is crucial for cell survival
and proliferation®’, and inhibit apoptosis by targeting pro-apoptotic proteins like p53 and
FADD via the ubiquitin-proteasome pathway.%® Additionally, HPV E5 can imfair extrinsic
apoptosis pathways, further promoting cell survival.” In parallel, MCPyV sT_enhances the
transcriptional activity of HPV oncoproteins, which may amplify their anti-apoptotie, effects.®
The interaction between MCPyV and HPV oncoproteins may also lead to alteredsexpression of
cellular microRNAs, further disrupting apoptosis signaling.6” This arecipracal’,activation
suggests a synergistic relationship that could enhance oncogenic potential.

Targeting key pathways involved in apoptosis regulation, particularlys, thesp53 pathway, could
restore cisplatin sensitivity. Specific inhibitors that disrupt the interaction between MCPyV sT,
HPV oncoproteins, and p53 or small molecules and RNA-haseditherapies that specifically
target the viral oncoproteins to restore p53 function, may enhance®chemotherapy effectiveness.
Additionally, combining cisplatin with agents that reversesresistance mechanisms, such as NF-
kB inhibitors, could mmprove therapeutic outeomess Tmnmnotherapies, including mmmune
checkpoint inhibitors, could also restore, immuney, survelllance and sensitize tumor cells to
cisplatin.  Given the complexity of viral, ‘encoprotein interactions, combination therapies
targeting multiple pathways may provide a premising approach to improving clinical responses
in HPV-associated cancers resistant4t0,chemotherapy. Investigating these interactions could
uncover new therapeutic targets and strategies to improve the efficacy of cisplatin and other
chemotherapy agents in treating’ Virus-associated cancers.

Conclusion

In summary, our study demonstrates that the simultaneous presence of MCPyV sT and HPV
oncoproteins enhances ~ resistance to cisplatin-induced apoptosis, particularly in HPV-18-
infected cervical cancer cells. These findings suggest that MCPyV sT alters the expression of
genes associated, with, p53 degradation, contributing to a cellular environment less responsive
to cisplatin-induced=apoptosis. Clinically, this emphasizes the complexity of viral co-infections
in cancer,cells, .and their potential role in chemotherapy resistance, which may complicate
treatmentouteomes in patients with virus-associated cancers. However, the study's limitations,
such as its focus on in vitro models, warrant caution in directly extrapolating these results to
clinical settings. Future research into the molecular mechanisms underlying this interaction, as
well as the validation of these findings in clinical samples, could inform the development of
novel therapeutic strategies to overcome chemotherapy resistance in virus-associated cancers.

Acknowledgments

The authors would like to acknowledge Haniyeh Abouei for formal analysis and data validation
from division of medical biotechnology, department of medical laboratory sciences, school of
paramedical sciences, Shiraz university of medical sciences, Shiraz, Iran.

Authors’ Contribution

10|Page



Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

Conceptualization: Ali Farhadi.

Data curation: Neda Soleimani.

Methodology: Fatemeh Pakdel.

Project administration: Seyed Masoud Hosseini.

Supervision: Seyed Masoud Hosseini and Ali Farhadi.
Visualization: Neda Soleimani.

Writing-original draft: Fatemeh Pakdel.

Writing-review & editing: Ali Farhadi and Seyed Masoud Hosseini.

Competing Interests

The authors declare no conflicts of interest.

Data Availability Statement

All relevant data are within the manuscript, and any other additional materials “are‘availab le
upon request.

Ethical Approval

In this study, all the experiments were approved by the Institutional Ethics Committee
(approval number: (IR.SBU.REC.1403.050), Shahid Beheshti“University, Tehran, Iran.

Funding

This research was self-funded.

Institutional ReviewBoard Statefment

Not applicable.

Informed Consent Statement

Not applicable.

References

1. Choi S} IsmailvAy/Pappas-Gogos G, Boussios S. HPV and cervical cancer: A review of
epidemiolegyh and screening uptake in the UK. Pathogens 2023;12(2):298. doi:
10.3390/pathogens12020298

2. Santos GR, Cunha AP, Batista ZD, Silva MA, Figueiredo FV, Santos FR, et al. HPV
18 varfants in women with cervical cancer in Northeast Brazil. Braz J Infect Dis
2023;27(01):102734. doi: 10.1016/j.bjid.2022.102734

3. Szymonowicz KA, Chen J. Biological and clinical aspects of HPV-related cancers.
Cancer Biol Med 2020;17(4):864. doi: 10.20892/}.issn.2095-3941.2020.0370

4. Scheffner M, Minger K, Byrne JC, Howley PM. The state of the p53 and
retinoblastoma genes in human cervical carcinoma cell lines. Proc Natl Acad Sci U SA
1991;88(13):5523-7. doi: 10.1073/pnas.88.13.5523

5. Scheffner M, Huibregtse JM, Vierstra RD, Howley PM. The HPV-16 E6 and E6-AP
complex functions as a ubiquitin-protein ligase in the ubiguitination of p53. Cell
1993;75(3):495-505. doi: 10.1016/0092-8674(93)90384-3

6. Li S, Hong X, Wei Z, Xie M, Li W, Liu G, et al. Ubiquitination of the HPV oncoprotein
E6 is critical for E6/E6AP-mediated p53 degradation. Front Microbiol 2019;10:2483.
doi: 0rg/10.3389/fmicb.2019.02483

11 |Page


https://pubmed.ncbi.nlm.nih.gov/?term=Soleimani+N&cauthor_id=38943054
https://pubmed.ncbi.nlm.nih.gov/?term=Soleimani+N&cauthor_id=38943054
https://doi.org/10.3390/pathogens12020298
https://doi.org/10.3390/pathogens12020298
https://doi.org/10.1016/j.bjid.2022.102734
https://doi.org/10.20892%2Fj.issn.2095-3941.2020.0370
https://doi.org/10.1073/pnas.88.13.5523
https://doi.org/10.1016/0092-8674(93)90384-3
https://doi.org/10.3389/fmicb.2019.02483

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

7. Munoz L. The Human Papillomavirus (HPV) E1 protein requlates the expression of
cellular genes involved in immune response. Sci Rep 2019;9(1):13620. doi:
10.1038/s41598-019-49886-4

8. Salehi-Vaziri M, Sadeghi F, Alamsi-Hashiani A, Haeri H, Monavari SH, Keyvani H.
Merkel cell polyomavirus and human papillomavirus infections in cervical disease in
Iranian women. Arch Virol 2015;160:1181-7. doi: 10.1007/s00705-015-2368-4

9. Poluschkin L, Rautava J, Turunen A, Wang Y, Hedman K, Syrjdnen K, et al
Polyomaviruses  detectable in  head and neck carcinomas.  Oncotarget
2018;9(32):22642. doi: 10.18632/oncotarget.25202

10. Rasheed K, Swveinbjgrnsson B, Moens U. Reciprocal transactivation of Merkel cell
polyomavirus and high-risk human papillomavirus promoter activities and increased
expression of their oncoproteins. Virol J 2021;18:1-4. doi: 10.1186/s12985-021-01613-
0

11. Imajoh M, Hashida Y, Nemoto Y, Oguri H, Maeda N, Furinata M, et@al. Detection of
Merkel cell polyomavirus in cervical squamous cell carcinomas andhademocarcino mas
from Japanese patients. Virol J 2012;9:1-9. doi: 10.1186/1743-422X-9-154

12. Becerril S, Corchado-Cobos R, Garcia-Sancha N, Rewvelles L, Revilla D, Ugalde T, et
al.  Viruses and skin cancer. Int J Mol Scis 2021;22(10):5399. doi:
10.3390/ijms22105399

13. Ahmed MM, Cushman CH, DeCaprio JA. Merkel cell pelyomavirus: oncogenesis in a
stable genome. Viruses 2021;14(1):58. doi: 10.3390/v14010058

14. Yang JF, You J. Merkel cell polyomavirus and associated Merkel cell carcinoma.
Tumour Virus Res 2022 Jun;13:200232. doiz0.1016/j.0vr.2021.200232

15. Pietropaolo V, Prezioso C, Moens U. Merkelycell polyomavirus and Merkel cell
carcinoma. Cancers 2020;12(7):1774. doi: 10.3390/cancers12071774

16. Shuda M, Kwun HJ, Feng H, Chang Y, Moore PS. Human Merkel cell polyomavirus
small T antigen is an oncoprotein targeting the 4E-BP1 translation regulator. J Clin
Invest 2011;121(9). doi: 10.1472/JC146823

17.  Shuda M, Guastafierro A, Geng X, Shuda Y, Ostrowski SM, Lukianov S, etal. Merkel
cell polyomavirus small T, “amtigen induces cancer and embryonic Merkel cell
proliferation in a“transgenic mouse model. PLoS One 2015;10(11):20142329. doi:
10.1371/journal.pone.0142329

18.  Carreras R, Alameda F, Mancebo G, Garcia Moreno P, Marifioso ML, Costa C, et al.
A study of Ki=67,%¢c-erbB2 and cyclin D-1 expression in CIN-I, CIN-I1I and squamous
cell carcinoma«of theacervix. Histol Histopathol 2007. doi: 10.14670/HH-22.587

19.  Gertych A, Joseph AO, Walts AE, Bose S. Automated detection of dual pl6/Ki67
nuclear mmunoreactivity in liquid-based Pap tests for improved cervical cancer risk
stratification.” Ann Biomed Eng 2012;40:1192-204. doi: 10.1007/s10439-011-0498-8

20. Davidson B, Goldberg I, Lerner-Geva L, Gotlieb WH, Ben-Baruch G, Novikov I, et al.
Expression of topoisomerase I and Ki-67 in cervical carcinoma—clinicopathological
study using immunohistochemistry. Apmis 2000;108(3):209-15. doi: 10.1034/].1600-
0463.2000.d01-46.x

21.  Wang X, Liu Y, Ding Y, Feng G. CAMSAP2 promotes colorectal cancer cell migration
and invasion through activation of JNK/c-JuvMMP-1 signaling pathway. Sci Rep
2022;12(1):16899. doi: 10.1038/s41598-022-21345-7

22.  Wu YH, Wu TC, Liao JW, Yeh KT, Chen CY, Lee H. p53 dysfunction by xeroderma
pigmentosum group C defects enhance lung adenocarcinoma metastasis via increased
MMP1 expression. Cancer Res 2010;70(24):10422-32. doi: 10.1158/0008-5472.CAN-
10-2615

23. Chen W, Huang S, Shi K, Yi L, Liu Y, Liu W. Prognostic role of matrix
metalloproteinases in cervical cancer: a meta-analysis. Cancer Control
2021;28:10732748211033743. doi: 10.1177/10732748211033743

12|Page


https://doi.org/10.18632%2Foncotarget.25202
https://doi.org/10.3390/ijms22105399
https://doi.org/10.3390/ijms22105399
https://doi.org/10.3390/v14010058
https://doi.org/10.1016/j.tvr.2021.200232
https://doi.org/10.3390/cancers12071774
https://doi.org/10.1371/journal.pone.0142329
https://doi.org/10.1371/journal.pone.0142329
https://doi.org/10.1034/j.1600-0463.2000.d01-46.x
https://doi.org/10.1034/j.1600-0463.2000.d01-46.x
https://doi.org/10.1158/0008-5472.CAN-10-2615
https://doi.org/10.1158/0008-5472.CAN-10-2615
https://doi.org/10.1177/10732748211033743

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

24. Lorusso D, Petrelli F, Coinu A, Raspagliesi F, Barni S. A systematic review comparing
cisplatin and carboplatin plus paclitaxel-based chemotherapy for recurrent or metastatic
cervical cancer. Gynecol Oncol 2014;133(1):117-23. doi: 10.1016/}.ygyno.2014.01.042

25.  Tchounwou PB, Dasari S, Noubissi FK, Ray P, Kumar S. Advances in our
understanding of the molecular mechanisms of action of cisplatin in cancer therapy. J
Exp Pharmacol, 2021;18:303-28. doi: 10.2147/JEP.S267383

26. Mann M, Singh VP, Kumar L. Cervical cancer: a tale from HPV infection to PARP
inhibitors. Genes Dis 2023 Jul;10(4):1445-56. doi: 10.1016/j.gendis.2022.09.014

27. Dasari S, Tchounwou PB. Cisplatin in cancer therapy: molecular mechanisms of action.
Eur J Pharmacol 2014;740:364-78. doi: 10.1016/].ejphar.2014.07.025

28.  Akbarpour Arsanjani A, Abuei H, Behzad-Behbahani A, Bagheri Z, Arabsolghar R,
Farhadi A. Activating transcription factor 3 inhibits NF-kB p65 signaling “pathway and
mediates apoptosis and cell cycle arrest in cervical cancer cells. Infectious Agents and
Cancer 2022;17(1):62. doi: 10.1186/s13027-022-00475-7

29. Laemmli UK. Cleavage of structural proteins during the assembly. of, the head of
bacteriophage T4. nature 1970;227(5259):680-5. doi: 10.1038/227680a0

30.  Abuei H, Pirouzfar M, Mojiri A, Behzad-Behbahani A, Kalantari T, Bemani P, et al.
Maximizing the recovery of the native p28 bacterial peptide-with improved activity and
maintained solubility and stability in Escherichia colit,Bl21"(DE3). J Microbiol
Methods 2022;200:106560. doi: 10.1016/].mimet.2022.106560

31. Kwun HJ, Guastafierro A, Shuda M, Meinke G, Bohm A, Moore PS, et al. The
minimum  replication origin of merkel cell polyemavirus“has a unique large T-antigen
loading architecture and requires small T-antigenwexpression for optimal replication.
J Virol 2009;83(23):12118-28. doi: 10.1128/JVI1.01336-09

32. Pfafi MW. A new mathematical.. model for felative quantification in real-time RT-
PCR. Nucleic Acids Res 2001;29(9):e45-. doi: 10.1093/nar/29.9.e45

33.  Guenzle J, Wolf LJ, Garrelts NW, Goeldner JM, Osterberg N, Schindler CR, et al.
ATF3 reduces migration capaeity, by regulation of matrix metalloproteinases via NFxB
and STAT3 inhibition in “glioblastoma. Cell Death Discov 2017;3(1):1-2. doi:
10.1038/cddiscovery.2017.6

34. Poojan S, Kim HS, Yoon JW, Sim HW, Hong KM. Determination of protein expression
level in cultured _cellshby immunocytochemistry on paraffin-embedded cell blocks. J
Vis Exp 2018; 20(135):257369. doi: 10.3791/57369

35. lli CG, Brebi P, Garcia Carfiete P, Leal P, Lopez J, Tapia O, et al. Effects of c-FLIPL
knockdown', in" cervical uterine carcinoma cell lines. International Journal of
Morphalogy 2015;33(2):638-646 doi: 10.4067/S0717-95022015000200036

36. Jing Z Heng W, Xia L, Ning W, Yafei Q, Yao Z, et al. Downregulation of
phosphoglycerate  dehydrogenase inhibits proliferation and enhances cisplatin
sensitivity in cervical adenocarcinoma cells by regulating Bcl-2 and caspase-3. Cancer
Biol Ther 2015;16(4):541-8. doi: 10.1080/15384047.2015.1017690

37. Baedyananda F, Sasivimolrattana T, Chaiwongkot A, Varadarajan S, Bhattarakosol P.
Role of HPV16 E1 in cervical carcinogenesis. Front Cell Infect Microbiol
2022;12:955847. doi: 10.3389/fcimb.2022.955847

38.  Thierry F, Heard JM, Dartmann K, Yaniv M. Characterization of a transcriptional
promoter of human papillomavirus 18 and modulation of its expression by simian virus
40 and adenovirus early  antigens. J  Virol  1987;61(1):134-42.
doi: 10.1128/jvi.61.1.134-142.1987

39. Bernard BA, Bailly C, Lenoir MC, Darmon MY. Modulation of HPV18 and BPV1
transcription in human keratinocytes by simian virus 40 large T antigen and adenovirus
type 5 E1A antigen. J Cell Biochem 1990;42(2):101-10. doi: 10.1002/jch.240420206

40. Smits PH, de Ronde A, Smits HL, Minnaar R, van der Noordaa J, ter Schegget J.
Modulation of the human papillomavirus type 16 induced transformation and

13|Page


https://doi.org/10.1016/j.ygyno.2014.01.042
https://doi.org/10.2147/JEP.S267383
https://doi.org/10.1016/j.gendis.2022.09.014
https://doi.org/10.1016/j.ejphar.2014.07.025
https://doi.org/10.1016/j.mimet.2022.106560
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.3791%2F57369
https://doi.org/10.3389/fcimb.2022.955847
https://doi.org/10.1128%2Fjvi.61.1.134-142.1987
https://doi.org/10.1002/jcb.240420206

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

transcription by deletion of loci on the short arm of human chromosome 11 can be
mimicked by SV40 small t. Virology 1992;190(1):40-4. doi: 10.1016/0042-
6822(92)91190-6

41. Tian R, Li X, Gao YE, Li Y, Yang P, Wang K.ldentification and validation of the role
of matrix metalloproteinase-1 in cervical cancer. IntJOncol 2018;52(4):1198-208. doi:
10.3892/ij0.2018.4267

42.  Zhao S, Yu M. Identification of MMP1 as a potential prognostic biomarker and
correlating with immune infiltrates in cervical squamous cell carcinoma. DNA Cell Biol
2020;39(2):255-72. doi: 10.1089/dna.2019.5129

43.  Sarma U, Das GC, Sarmah B. Predictive value of marker of proliferation Ki-67 and cell
cycle dependent protein kinase inhibitor P16INK4a in cervical biopsy to determine its
biological =~ behaviour.  Asian Pac J Cancer Prev 2021;22(7):22237.
doi: 10.31557/APJCP.2021.22.7.2237

44, Scholzen T, Gerdes J. The Ki-67 protein: from the known and ahe unknown.%J Cell
Physiol 2000;182(3):311-22. doi: 10.1002/(SICI)1097-4652(200003)182:3<311::AlD-
JCP1>3.0.C0O;2-9

45, Zhao J, Jia Y, Shen S, Kim J, Wang X, Lee E, Brownell I, Cho-Vega JH, Lewis C,
Homsi J, Sharma RR. Merkel cell polyomavirus small T antigen activates noncanonical
NF-«xB signaling to promote tumorigenesis. Mol Cancer Res 2020;18(11):1623-37.
doi:10.1158/1541-7786.MCR-20-0587

46. Kwun HJ, Shuda M, Camacho CJ, Gamper AM, Thant M, Chang Y, Moore PS.
Restricted protein phosphatase 2A targeting by Merkel cell polyomavirus small T
antigen. J Virol 2015;89(8):4191-200. doi:10.1128/JVI1.00157-15

47.  Spurgeon ME, Liem A, Buehler D, Cheng J, DeCaprio JA, Lambert PF. The merkel
cell polyomavirus T antigens function as tumor promoters in murine skin. Cancers
(Basel) 2021;13(2):222. doi:10.3390/cancers13020222

48.  Butz K, Geisen C, Ullmann A, Spitkovsky D, Hoppe-Seyler F.Cellular responses of
HPV-positive cancer cells to genotoxic anti-cancer agents: Repression of E6/E7-
oncogene expression and induction of apoptosis. Int J Cancer 1996;68(4):506-13. doi:
10.1002/(SIC1)1097-0215(19961115)68:4<506::AID-1JC17>3.0.CO;2-2

49.  Wesierska-Gadek J, Schloffer D, Kotala V, Horky M. Escape of p53 protein from E6-
mediated degradation “in° HelLa cells after cisplatin therapy. Int J Cancer
2002;101(2):128-36. doi: 10.1002/ijc.10580

50. Jung HS, Erkin OC, Kwon MJ, Kim SH, Jung JI, Oh YK, et al. The synergistic
therapeutic effect/of cisplatin with Human papillomavirus E6/E7 short interfering RNA
on gervical cancer cell lines in vitro and in vivo. Int J Cancer 2012;130(8):1925-36.
doi: 10.1002/ijc.26197

51. %\ Zhen S, Lu JJ, Wang LJ, Sun XM, Zhang JQ, Li X, etal. Invitro and in vivo synergistic
therapeutic effect of cisplatin with human papillomavirusl6 E6/E7 CRISPR/Cas9 on
cervical cancer cell line. Translational oncology 2016;9(6):498-504. doi:
10.1016/j.tranon.2016.10.002

52. Iver JG, Blom A, Doumani R, Lewis C, Tarabadkar ES, Anderson A, et al. Response
rates and durability of chemotherapy among 62 patients with metastatic Merkel cell
carcinoma. Cancer Med 2016;5:2294-301. doi:10.1002/cam4.815

53.  Schadendorf D, Lebbé C, Zur Hausen A, Awril MF, Hariharan S, Bharmal M, et al.
Merkel cell carcinoma: epidemiology, prognosis, therapy and unmet medical needs.
Eur J Cancer 2017;71:53-69. doi:10.1016/].ejca.2016.10.022

54. Kwun HJ, Shuda M, Feng H, Camacho CJ, Moore PS, Chang Y. Merkel cell
polyomavirus small T antigen controls viral replication and oncoprotein expression by
targeting the cellular ubiquitin ligase SCFFbw?7. Cell Host Microbe 2013;14(2):125-35.
doi: 10.1016/j.chom.2013.06.008

14| Page


https://doi.org/10.1016/0042-6822(92)91190-6
https://doi.org/10.1016/0042-6822(92)91190-6
https://doi.org/10.1089/dna.2019.5129
https://doi.org/10.31557%2FAPJCP.2021.22.7.2237
https://doi.org/10.1158/1541-7786.mcr-20-0587
https://doi.org/10.1128/jvi.00157-15
https://doi.org/10.3390/cancers13020222
https://doi.org/10.1002/(SICI)1097-0215(19961115)68:4%3C506::AID-IJC17%3E3.0.CO;2-2
https://doi.org/10.1002/(SICI)1097-0215(19961115)68:4%3C506::AID-IJC17%3E3.0.CO;2-2
https://doi.org/10.1002/ijc.10580
https://doi.org/10.1002/ijc.26197
https://doi.org/10.1016/j.tranon.2016.10.002
https://doi.org/10.1016/j.tranon.2016.10.002

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

55.  Gennigens C, De Cuypere M, Hermesse J, Kridelka F, Jerusalem G. Optimal treatment
in locally advanced cervical cancer. Expert Rev Anticancer Ther 2021;21(6):657-71.
doi: 10.1080/14737140.2021.1879646

56. Siddik ZH. Cisplatin: mode of cytotoxic action and molecular basis of resistance.
Oncogene 2003;22(47):7265-79. doi: 10.1038/sj.0nc.1206933

57. Vilchez RA, Butel JS. Emergent human pathogen simian virus 40 and its role in cancer.
Clin Microbiol Rev 2004;17(3):495-508. doi: 10.1128/CMR.17.3.495-508.2004

58.  Abend JR, Jiang M, Imperiale MJ. BK virus and human cancer: innocent until proven
quilty. Semin Cancer Biol. 2009; 19(4): 252-260. doi:
10.1016/j.semcancer.2009.02.004

59. Cheng J, Rozenblatt-Rosen O, Paulson KG, Nghiem P, DeCaprio JA. Merkel cell
polyomavirus large T antigen has growth-promoting and inhibitory activities. J Virol
2013;87(11):6118-26. doi: 10.1128/JVI1.00385-13

60. Borchert S, Czech-Sioli M, Neumann F, Schmidt C, Wimmer P, Dobner T, &t alwHigh-
affinity Rb binding, p53 inhibition, subcellular localization, and “transformation by
wild-type or tumor-derived shortened Merkel cell polyomavirus  large, T antigens. J
Virol 2014,88(6):3144-60. doi: 10.1128/JV1.02916-13

61. Park DE, Cheng J, Berrios C, Montero J, Cortés-Cros M, Ferretti S, et al. Dual
inhibition of MDM2 and MDMA4 in virus-positive Merkelcell,careinoma enhances the
p53 response. Proc Natl Acad Sci U S A™%2019;116(3):1027-32. doi:
10.1073/pnas.1818798116

62. Leiendecker L, Jung PS, Krecioch I, Neumann T, Schleiffer A, Mechtler K, etal. LSD
1inhibition induces differentiation and cell death n.Merkel cell carcinoma. EMBO Mol
Med 2020;12(11):¢12525. doi: 10.15252/emmm.202012525

63. Kasiappan R, Shih HJ, Wu MH, Choy C, Lin TD, Chen L, Hsu HL. The antagonism
between MCT-1 and p53 affects the tumorigenic outcomes. Mol Cancer 2010;9:1-7.
doi: 10.1186/1476-4598-9-311

64. Cho JW, Park K, Kweon GR, Park JC, Lee JC, Baek WK, Jang BC, Suh SlI, Suh MH.
Modulation of cell death sensitivity by mutant p53 in HCV core-expressing cells. Int J
Mol Med 2005;15(3):475-80.

65. Sharma S, Nagpal N, Ghosh PC, Kulshreshtha R. P53-miR-191-SOX4 requlatory loop
affects apoptosis in breast cancer. RNA 2017;23(8):1237-46.
d0i:10.1261/rna.060657.117

66. Cheng J, Park DE, Berrios C, White EA, Arora R, Yoon R, et al. Merkel cell
polyomavirus «recruits, MYCL to the EP400 complex to promote oncogenesis. PLo0S
Pathogi2017;13(10):21006668. doi: 10.1371/journal.ppat.1006668

67. Chen J. Signaling pathways in HPV-associated cancers and therapeutic implications.
Rev Med Virol 2015;25:24-53. doi:10.1002/rmv.1823

68. Lagunas-Martinez A, Madrid-Marina V, Gariglio P. Modulation of apoptosis by early
human papillomavirus proteins in cervical cancer. Biochim Biophys Acta
2010;1805(1):6-16. doi: 10.1016/j.bbcan.2009.03.005

Table 1. Oligonucleotide primer sequences used for reverse-transcription real-time PCR assay

Annealing
Gene Sequence (5’ to 3’) P.CR product temperature
size (bp) o
O
sT-Forward GGAATTGAACACCCTTTGG 236 51

15|Page


https://doi.org/10.1128%2FCMR.17.3.495-508.2004
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19505653
https://doi.org/10.1016/j.semcancer.2009.02.004
https://doi.org/10.1016/j.semcancer.2009.02.004
https://doi.org/10.1128%2FJVI.00385-13
https://doi.org/10.1128%2FJVI.02916-13
https://doi.org/10.1073/pnas.1818798116
https://doi.org/10.1073/pnas.1818798116
https://doi.org/10.15252/emmm.202012525
https://doi.org/10.1186/1476-4598-9-311
https://doi.org/10.1261/rna.060657.117
https://doi.org/10.1371/journal.ppat.1006668
https://doi.org/10.1002/rmv.1823
https://doi.org/10.1016/j.bbcan.2009.03.005

Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

sT-Reverse CTACAATGCTGGCGAGACA
E1-Forward CATTTACCAGCCCGACGA

236 55
El-Reverse  AAACCAGCCGTTACAACCC
EG/ET- GACATTGTATTGCATTTAGAGCC
Forward
EG/ET- 155 %
CATTGTGTGACGTTGTGGTTC
Reverse
MMP1- TGAAAAGCGGAGAAATAGTG
Forward 153 55
MMP1- GAGGACAAACTGAGCCACAT
Reverse
A Control » -
B Control Mock — pCMV6-sT

ok Kk

C . =
< 70- ~ i == Control D
= -
2 60- Mock = 2
g 50 XX s pCMV6-sT g 3 z
£ 40- S = g
E -
@ 30- B-actin ... . . 45kDa
8 ‘
[T 0 N - = == . p— ~

48 h 72 h

16|Page



The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

Accepted Manuscript (unedited)

150 24h 150 48h 150 72h
T
21004 — — = 21004 — -— 2
8 8 s
> > s
® 504 = 504 =
0- 0 T T T
I &
Q:s@ epo t\QQ ,\Q}Q '}QQ ﬁ}Q 3 @00 {\Qq N‘DQQ ‘}QQ ‘DQQ
& & AN & PO
v o 2 & P v o° 5 & o
NI & o & @
Qo“” & & & N & N N
Q & T T Q
A B
304 kKK
g ] A mm Control g ig == Control
"E 204 Mack '-E 30 Mock
58 ] s pCMV6-sT 5 § 20 s pCMV6-sT
2% 1 w's 10 Hok ok
385 g9 kK
&g 44 *% L3 g 6 *k %
28 o | = 28
g 1 0wl g g 2 N Bl B
0- 0
sT E1 E6/E7  MMP-1 sT E1 E6/E7  MMP-1
Gene Gene
B VENAE L I Ok e
- & . - : ¥ :-5Q7ﬂ.
" e o ¢
» ®:
L 3 £
P ’
o LY l . A
8 . S P o o & .
- -
' “g ’ Q
e,
\8‘ o ?' A _" : L
& - &‘ &
D *
210 I 1
200
el
& 180
~
©
x

17 |Page

150
100
50
0

» N A
% F P
& &
)
@ Qc}“



Accepted Manuscript (unedited)

The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form.

Cisplatin IC50: 3.01 pg/ml

100 Cisplatin+sT IC50: 3.62 ug/ml B
90 100+
& 804 ) ) h mm Cispaltin
5 707 -+~ Cisplatin 80 mm Cisplatin+sT
= 60 -= Cisplatin+sT Z *
k] = 60+ *
50 2 |_.I.
5 g 1
= 404 > 40-
£ 304 ES ]
=]
v 204 20+
10 1
o T ] T T 1
0 1 2 3 4 5 1.00 2.00 250 3.00 3.62 4.00
Concentration (pg/ml) Concentration (pg/ml)
A Control Mock
4 4
0" I @2 10" 3 @2
042 158 080 162
10° 3 10
g :
~ ~
z I
2 g
w 'S
Q3 a3
0.030 121
T 2 T H T T
10 10 10° 10
FL2-H :: Annexin ¥V FL2-H :: Annexin V
pCMV6E-sT Cisplatin Cisplatin+sT
0! 3o 2 0 3o @ ' 3 a1 o2
0.41 209 032 132 016 120
10° 10° 10° o
o 3 E ]
3 " &
z z z
fre b} 9
'™ w
o3
0.040
- r e
10? 10° 10* 10° 10! 10? 10° 10?
FL2-H:: Annexin V FL2-H :: Annexin V FL2-H :: Annexin V
B
50+ *
=X 404
@
8 30+
2
© 20+
-
o
2 10
< 1
0 -
> & A & O
& gy L
O& \“o \\Q, Q\'b Q\'b
(€ N A
(O N ©)
£ o

18| Page



