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Abstract

Objective: To investigate the expression levels and mechanisms of microRNA (miRNA) 26a
(miR-262a) and phosphatase and tensin homolog (PTEN) in patients with human papillomavirus
(HPV)-induced condyloma acuminatum (CA) and penile squamous cell carcinoma (PSCC).
Methods: Thirty-one patients with HPV-positive CA and 28 with HPV-positive PSCC were
included in this retrospective, cross-sectional study. PTEN mRNA and miR-26a levels in lesion
tissues, blood, and urine were analyzed by quantitative reverse transcription polymerase chain
reaction, and PTEN protein was detected by western blot and enzyme-linked immunosorbent
assay. Cell proliferation was assessed by MTT assay. The interaction between miR-26a and PTEN
was predicted by bioinformatics analysis and confirmed by dual luciferase reporter assay
Results: PTEN mRNA and protein levels were significantly lower and miR-26a levels were
significantly higher in all samples from patients with PSCC compared with the CA group.
Bioinformatics analysis and luciferase reporter assay confirmed PTEN as a target gene of miR-
26a. Up-regulation of miR-26a significantly increased the proliferation of Penll PSCC cells.
Conclusions: PTEN expression is down-regulated and miR-26a levels are up-regulated in PSCC
compared with CA. PTEN is a direct target gene of miR-26a. These results suggest that miR-26a
might regulate HPV-positive progression from CA to PSCC through modulating PTEN.
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Introduction

Condyloma acuminatum (CA) is a common
sexually transmitted disease (STD) caused
by human papillomavirus (HPV) infection.
The incidence of CA has been gradually
increasing.! The disease may represent a
pre-malignant lesion with the potential to
develop into invasive cancer.” CA is char-
acterized clinically by multiple squamous
epithelial inflammatory papilloma-like pro-
liferative lesions near the external genitalia
and perianal area.> HPV is a non-enveloped
double-stranded virus with a monomolecu-
lar ring structure, with a genomic DNA
length of 7.5 to 8.0 kb, encoding the early
proteins El to E7 and the capsid proteins
L1 and L2. Among these viruses, HPV-6,
HPV-11, HPV-16, and HPV-18 are closely
related to the pathogenesis of CA, and
HPV-16 and HPV-18 are associated with
genital squamous cell carcinomas, such as
cervical, penile, and vaginal cancers,* and
have been classified as carcinogenic factors
in human reproductive tract tumors.’

The development of penile squamous cell
carcinoma (PSCC) results from interactions
among multiple pathways, involving many
kinds of messenger RNAs (mRNAs) and
microRNAs (miRNAs). Wnt-1 and TSLCI1
were found to be abnormally expressed in
CA development,® and pl6INK4a was asso-
ciated with HPV expression and was found
to be highly expressed in penile cancer.’
Furthermore, many miRNAs have been
implicated in the development of CA and
penile cancer.®” HPV has also been recog-
nized as a causative factor in the

pathogenesis and development of cervical
and penile cancers.'”

The occurrence of these cancers is related
to mutations of tumor suppressor genes and
activation of oncogenes. Phosphatase and
tensin homolog (PTEN) is a tumor suppres-
sor gene, the mutational inactivation of
which is closely related to the occurrence
and development of many malignant
tumors in humans.!" PTEN also plays
important roles in apoptosis, cell cycle,
and cell migration,'? and is thus closely
linked with cancer development. PTEN
expression has been found to be down-
regulated in many malignancies, including
prostate cancer, breast cancer, brain
tumors,'® endometrioma,'* glioblastoma,15
melanoma,'®  cervical cancer,!” breast
cancer,'® and colon cancer.'” PTEN has
also been closely linked with CA and
penile cancer, and PTEN-mediated phos-
phoinositide 3-kinase/Akt signaling may be
involved in the pathogenesis of CA.?* PTEN
is also involved in the development, progres-
sion, and metastasis of penile cancer.’!
However, the regulatory role of PTEN
upstream factors in HPV-positive CA and
penile cancer has not been fully defined.

Abnormal expression of miRNA-26a
(miR-26a) has been implicated in various
biological processes, including the natural
immune response against pathogen inva-
sion, the development and differentiation
of organ tissues, and the pathogenesis of
various solid tumors and hematopoietic
malignancies.”> However, the regulation of
PTEN by miR-26a has not been reported.
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We conducted a retrospective, cross-
sectional study to investigate the roles and
molecular mechanisms of miR-26a and
PTEN in patients with HPV-positive CA
and penile squamous cell carcinoma
(PSCC), focusing on the regulatory role of
miR-26a. We detected PTEN mRNA and
protein expression levels in lesion tissue,
and in blood and urine samples from
patients with CA and PSCC by quantitative
real-time polymerase chain reaction (PCR),
western blot analysis, and enzyme-linked
immunosorbent assay (ELISA). We also
predicted and validated the relationship
and interaction between PTEN and miR-
26a by bioinformatics analysis and dual
luciferase reporter assay. The results of
this study clarify the regulatory relationship
between miR-26a and PTEN, mechanisms
that lead to the development of HPV-
positive CA and PSCC.

Materials and methods

Study subjects

Patients with HPV-positive CA or HPV-
positive PSCC who were admitted to and
diagnosed at Taizhou Municipal Hospital,
Taizhou, China, from December 2015 to
December 2018 were included in this
study. The inclusion criteria were: carcino-
ma with no distant metastasis, with or with-
out lymph nodes; no chemotherapy; no
other tumors or immune diseases; and
resection for HPV-positive CA or HPV-
positive PSCC. The exclusion criteria
were: patients with other tumors or immu-
nological diseases; prior long-term radio-
therapy (chemotherapy); and distant
metastases or metastatic cancers. Lesion
tissue and blood and urine samples were
collected from the patients before resection.
Prior written informed consent was
obtained from all patients and the study
was approved by the ethics review board
of Taizhou Municipal Hospital (Taizhou,

Zhejiang, China) (approval no.: IACUC-
20160815-58).

For sample collection, CA skin lesions
and surrounding normal tissues were collect-
ed, and tumor and paracancerous tissues
were resected and stored in liquid nitrogen
until further processing. Peripheral blood
and urine samples were obtained from
patients in the morning after overnight fast-
ing. Blood samples were anticoagulated with
EDTA. Blood and urine samples were cen-
trifuged at 1200 xg at 4°C for 10 minutes,
and the supernatant was collected and stored
at —20°C until further processing.

Quantitative reverse transcription PCR
(RT-gPCR)

Total RNA was extracted with TRIzol
reagent and cDNA was obtained by reverse
transcription. Quantitative real-time PCR
was performed using a miRcute miRNA
kit (EP401; Tiangen, Beijing, China) con-
taining SuperReal PreMix (SYBR Green)
(FP204; Tiangen) with a PCR-iQ5 qRT-
PCR detection system (Bio-Rad, Hercules,
CA, USA). The primer sequences were as
follows: PTEN, forward 5-TTGAAGACC
ATAACCCACCACAG-3 and reverse 5-
CATTACACCAGTTCGTCCCTTTC-3;
and glyceraldehyde phosphate dehydroge-
nase (internal reference), forward 5'-
AAGGCTGTGGGCAAGG-3' and reverse
5-TGGAGGAGTGGGTGTCG-3. The
20-uLL reaction system consisted of 10puL
RT-gPCR-Mix, 0.5pL each primer, 2puL
cDNA, and 7pL double distilled H,O.
The PCR conditions were set as follows:
95°C for 2 minutes, 95°C for 25 s, 55°C
for 30 s, and 72°C for 30 s, for a total of
40 cycles. Target gene expression levels were
calculated using the 274" method.?
miR-26a was detected using the follow-
ing primer sequences: miR-26a, forward
5-CTGTCAACGATACGCTAC-3' and
reverse 5-GTAATCCAGGATAGGCTG-
3’; and U6 (internal reference), forward
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5'-CTTCGGCAGCACATATAC-3  and
reverse 5-GAACGCTTCACGAATTT
GC-3', with the following reaction condi-
tions: 90°C for 60 s, 95°C for 15 s, and
60°C for 30 s, for a total of 40 cycles.

Western blot analysis

The tissues were lysed using RIPA buffer
(P0013B; Beyotime, Shanghai, China),
according to the manufacturer’s manual,
and the protein concentration was deter-
mined using a bicinchoninic acid kit
(RTP7102; Real-times, Beijing, China).
Protein (20pg) was separated by 10%
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to a polyvi-
nylidene difluoride membrane. After block-
ing with 5% non-fat milk at room
temperature for 1 hour, the membrane
was incubated with rabbit anti-human
anti-PTEN polyclonal antibody (1:500 dilu-
tion; ab32199; Abcam, Cambridge, MA,
USA) or rabbit anti-mouse anti-f-actin pri-
mary antibody (1:2500 dilution; ab8227;
Abcam), at 4°C overnight. The membrane
was then treated with goat anti-rabbit sec-
ondary antibody (1:3000 dilution; ab6721;
Abcam) at room temperature for 1 hour.
Color was developed using an enhanced
chemiluminescence kit (ab65623; Abcam),
and the images were observed and analyzed
using Image Lab 3.0 software (Bio-Rad,
Hercules, CA, USA). f-actin was used as
internal reference.

ELISA

Serum and urine samples were analyzed by
ELISA (sE95822Hu; USCN, Wubhan,
China). Ten microliters of sample plus
40 uL of diluting solution, or 50 uL stan-
dard solution at the indicated concentra-
tions, were added into the wells. Blank
wells had no additions. Horseradish
peroxidase-conjugated detection antibody
(1:1000, 100puL; USCN) was added into

the standard and sample wells, and the
plates were sealed and incubated in the
dark for 1 hour. After washing, substrates
A and B (50 uL each) were added into each
well and incubated at 37°C for 15 minutes,
followed by the addition of 50 pL stop solu-
tion. The optical density (OD) values at
450 nm were then read within 15 minutes.

Bioinformatics analysis

Based on a literature search for upstream
miRNAs of PTEN, we used miRanda
target gene prediction software (http://34.
236.212.39/microrna/home.do) to predict
the possible regulators of PTEN.

Dual luciferase reporter assay

PTEN 3-untranslated region (UTR)
sequences with wild-type and mutant seed
regions for miR-26a were synthesized by
Sangon, Shanghai, China, with the addition
of Spe-1 and HindIII restriction sites at
both ends. These two DNA fragments
were cloned into the pMIR-REPORT lucif-
erase reporter plasmid (E1980; Promega,
Madison, WI, USA), and 0.8 pg plasmids
carrying the wild-type and mutant 3’-UTR
sequences, respectively, were transfected
into 293T cells (Cell Bank, Chinese
Academy of Sciences, Shanghai, China),
using liposomes, followed by transfection
with 100 nM agomiR-26a (Sangon
Biotech). After 24 hours, the cells were
lysed and luciferase was determined using
a GloMax 20/20 luminometer (Promega),
with  Renilla luciferase as an internal
reference.

Cell transfection

For cell transfection, Penll PSCC cells (Cell
Bank, Chinese Academy of Sciences) in log-
arithmic growth phase were inoculated onto
a 24-well plate at a density of 3 x 10° cells/
well and cultured with Dulbecco’s Modified
Eagle Medium/Nutrient Mixture F-12
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(DMEM/F12) containing 10% fetal bovine
serum (Thermo Fisher Scientific, Waltham,
MA, USA), without antibiotics. The cells
were transfected when they reached 70%
confluence.  Plasmid/small  interfering
RNA/agomiR 1uL and Lipofectamine
2000 1pL were added into 50ul Opti
Memi medium (Thermo Fisher Scientific)
separate Eppendorf tubes (Thermo Fisher
Scientific) for 5 minutes. The solutions in
the two tubes were then mixed together
for 20 minutes, and the mixture was incu-
bated with the cells for 6 hours. The cul-
tured medium was then replaced with
DMEM/F12 containing 10% fetal bovine
serum for another 48 hours before further
analysis. The agomiR-26a and agomiR-NC
(Sangon Biotech) sequences were as fol-
lows: agomiR-26a, forward 5-UUCAA
GUAAUCCAGGAUAGGCU-3 and
reverse 3-AAGUUCAUUAGGUCCUAU
CCGA-5; and agomiR-NC, forward
5-UUCUCCGAACGUGUCACGUTT-3
and reverse 3-TTAAGAGGCUUGCA
CAGUGCA-5.

MTT assay

Cell proliferation after transfection was
detected by MTT assay. The cells were
inoculated onto a 96-well plate at a density
of 2 x 10° cells/well and, 20 uL MTT (5 g/L;
Beyotime) was added at 24, 48, and 72
hours, respectively, followed by incubation
at 37°C for 4 hours. Dimethyl sulfoxide
150 L was then added into each well. The
OD values at 490 nm were determined and
proliferation curves were plotted.

Statistical analysis

Data were expressed as mean =+ standard
deviation. Statistical analyses were carried
out using SPSS Statistics for Windows,
Version 18.0 (SPSS Inc., Chicago, IL,
USA). No sample size calculation was per-
formed. @ Group  comparisons  were

performed by one-way analysis of variance
and t-tests. P < 0.05 was considered statisti-
cally significant.

Results

Patients

Thirty-one men with HPV-positive CA and
28 men with HPV-positive PSCC admitted
to and diagnosed at our hospital from
December 2015 to December 2018 were
included in this study. The median age of
the patients with HPV-positive CA was 38.6
years (range, 17-56 years) and the median
age of the patients with HPV-positive
PSCC was 39.2 years (range, 2060 years).

mRNA expression levels of PTEN in tumor
tissues and in urine and blood samples

We investigated the mRNA expression levels
of PTEN in tumor tissues and in urine and
blood samples by RT-qPCR. PTEN mRNA
levels in tumor, blood, and urine samples
from patients with PSCC were all signifi-
cantly lower compared with patients with
CA group (P<0.05) (Figure 1). These
results suggest that PTEN might be involved
in the HPV-induced pathological process
from CA to PSCC.

Protein expression levels of PTEN in
lesions

We also investigated PTEN protein expres-
sion levels in lesion tissues by western blot.
Compared with the CA group, PTEN pro-
tein levels were significantly lower in lesion
tissues from patients with PSCC compared
with the CA group (P < 0.05) (Figure 2), in
line with the mRNA results. These results
suggest that down-regulation of PTEN at
both transcriptional and translational
levels might be involved in the HPV-
induced pathological progression from CA
to PSCC.
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Figure |. Analysis of phosphatase and tensin homolog (PTEN) mRNA expression levels. mRNA expression
levels of PTEN in (a) lesion tissue, (b) blood, and (c) urine samples detected by quantitative reverse tran-
scription polymerase chain reaction. *P < 0.05, *P < 0.0] compared with condyloma acuminatum (CA)

group.
PSCC, penile squamous cell carcinoma.

PTEN levels in blood and urine samples

We also investigated PTEN protein levels in
blood and urine samples by ELISA. PTEN
levels in the blood and urine were signifi-
cantly lower in patients with PSCC com-
pared with the CA group (P<0.05)
(Figure 2).

miR-26a expression in tumor tissues and
in urine and blood samples

Bioinformatics analysis identified miR-26a
as a possible regulator of PTEN, and
UACUUGA as the potential conserved
seed region in miR-26a (Figure 3). We
therefore investigated the expression levels
of miR-26a in tumor tissues and in urine
and blood samples by RT-qPCR. miR-26a
expression levels in tumor tissues and in

urine and blood samples were all signifi-
cantly higher in patients with PSCC com-
pared with those with CA (P <0.05)
(Figure 4). Combined with the predicted
relationship between PTEN and miR-26a,
these results suggest that miR-26a might
play a regulatory role in the HPV-induced
pathological progression from CA to PSCC
by affecting the transcription and transla-
tion of PTEN.

Dual luciferase reporter assay

We validated the relationship and interac-
tion between miR-26a and PTEN by dual
luciferase reporter assay. Luciferase expres-
sion was significantly reduced following
co-transfection of agomiR-26a and pMIR-
REPORT luciferase reporter plasmids
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Figure 2. Analysis of phosphatase and tensin homolog (PTEN) protein expression levels. PTEN protein
expression levels in (a) lesion tissues detected by western blot analysis, and in (b) blood and (c) urine
detected by enzyme-linked immunosorbent assay. *P < 0.05, **P < 0.0 compared with condyloma acumi-

natum (CA) group.
PSCC, penile squamous cell carcinoma.
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Figure 3. Bioinformatics analysis of target mRNA for microRNA-26a.

(P <0.05). However, there was no signifi-
cant difference in luciferase expression in
the mutant plasmid group (Figure 5).
These results suggested that miR-26a
could bind to the PTEN 3’-UTR to regulate
its gene expression.

Effect of miR-26a on PTEN expression
and cell proliferation

We investigated the effects of miR-26a on
the expression levels of PTEN. miR-26a

was over-expressed and PTEN levels were
down-regulated in Penll PSCC cells follow-
ing transfection with agomiR-26a. Cell pro-
liferation activity was also significantly
increased (P <0.05). However, PTEN
mRNA and protein expression levels recov-
ered in cells co-transfected with agomiR-
26a and plasmid contemporary DNA
(pcDNA)-PTEN (Figure 6). These results
suggest that miR-26a could regulate
PTEN expression and affect the prolifera-
tion PSCC cells.
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PSCC, penile squamous cell carcinoma.

Discussion

In this study, we measured the mRNA and
protein expression levels of PTEN and of
the upstream regulator miR-26a in lesion
tissues and in blood and urine samples
from patients with HPV-positive CA and
PSCC. We also investigated the relation-
ship and interaction between miR-26a
and PTEN in preliminarily cell experi-
ments to determine the possible mecha-
nism by which miR-26a regulates
downstream PTEN to affect the pathogen-
esis and development of HPV-positive CA
and PSCC.

CA is ranked as the most common STD
in Europe and the United States, and recent
surveys in China have also suggested an
increased incidence of genital HPV infec-
tions (such as around the vulva, anus, and
cervix).>* CA is currently ranked as the
second most common STD in China, with
a significantly greater annual increase than
other STDs. CA is characterized by a high
recurrence rate, and some persistent high-
risk HPV infections may also cause malig-
nant transformation, making clinical
treatment difficult and imposing heavy psy-
chological and economic burdens on the
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Figure 5. Dual luciferase reporter assay. pMIR-
REPORT luciferase reporter plasmids carrying wild-
type and mutant phosphatase and tensin homolog
3’-untranslated region sequences were co-trans-
fected into 293T cells with agomiR-26a. The cells
were lysed and luciferase expression was deter-
mined 24 hours later. **P < 0.0 compared with the
negative control (NC) group.

patients and their families.?>**® There is thus
an urgent need to understand the pathogen-
esis of HPV-associated CA and PSCC, to
aid the discovery of effective treatment
and prevention methods.

The tumor suppressor gene PTEN, locat-
ed at 10g23.3 and including nine exons, was
first discovered in 1997.2"** Down-
regulation/deletion of PTEN has been
closely related to the development and pro-
gression of many malignant tumors in
humans, and plays a key role in apoptosis,
cell cycle, and cell migration.” However,
most studies on the effects of PTN on
tumor formation have focused on its
down-regulated expression in endometrial
cancer, glioma, prostate cancer, breast
cancer, and melanoma,> ' and its roles
in the pathogenesis of CA and PSCC
remain unclear. The current study showed
that expression levels of PTEN were signif-
icantly lower in skin lesions and in blood
and urine samples from patients with
PSCC compared with patients with CA.
Considering that, in addition to local infil-
tration, tumors may also be disseminated
through the blood circulation, changes in

PTEN levels in the blood suggest the need
to pay attention to the role of PTEN muta-
tions in tumor dissemination. Furthermore,
blood and urine levels of PTEN may serve
as potential biomarkers for HPV-positive
CA and PSCC.

miRNAs are important gene-regulatory
factors involved in various pathophysiolog-
ical processes, such as tumor cell prolifera-
tion, invasion, and metastasis,
hypertension, diabetes, and atherosclero-
sis.***! miR-26a has been shown to control
the secretion of various inflammatory che-
mokines and activate the innate immune
response.’>** It also plays an important
role in the differentiation of stem cells via
regulating the Smad transcription factor
family, and is thus involved in the differen-
tiation of liver stem cells into mature hep-
atocytes and biliary cells, and of adipose-
derived stem cells into osteoblasts.>**°
Expression levels of miR-26a are decreased
in various cancer cells and cancer tissues,
leading to inhibition of proliferation of
nasopharyngeal carcinoma, breast cancer,
and hepatocellular carcinoma cells.*®
miR-26a has been predicted to be closely
related to PTEN, as an upstream miRNA
regulating PTEN.*'*? The current results
showed that expression levels of miR-26a
were significantly elevated in lesion tissues
and in blood and urine samples from
patients with PSCC compared with patients
with HPV-positive CA. Combined with the
abnormal PTEN expression levels in the
fluid samples, we speculated that up-
regulation of miR-26a might be responsible
for down-regulating PTEN expression. We
further confirmed the direct interaction
between miR-26a and the PTEN 3’-UTR
by dual luciferase reporter assay. Using
cell transfection experiments, we showed
that over-expression of miR-26a reduced
PTEN expression and increased prolifera-
tion of PSCC cells, suggesting that expres-
sion of PTEN in PSCC affects cell
proliferation, and that this process is
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OD, optical density.

regulated by miR-26a. We therefore specu-
lated that the regulation of PTEN by miR-
26a might play an important biological role
in the pathogenesis of HPV-positive CA
and PSCC.

This study had some limitations. Penll
cells are derived from HPV-negative penile
cancer, but HPV-positive diseases were also
considered. Moreover, the sample size was

relatively small due to the specific inclusion
criteria. Further in-depth studies need to be
conducted with larger sample sizes.

In conclusion, the results of this study
indicate that up-regulation of miR-26a
caused enhanced cleavage of PTEN
mRNA, thereby attenuating the pro-
apoptotic effects of PTEN and resulting in
uncontrolled cell proliferation, further
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inducing pathological changes in patients
with HPV-positive CA and PSCC. These
findings suggest that disease occurrence
and development are determined by the bal-
ance between miR-26a and PTEN. In addi-
tion, the stability of miR-26a in blood and
urine suggests that it might be a potential
genetic  biomarker for early tumor
diagnosis.
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