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Abstract: High-risk human papillomavirus (HPV) is a possible cause of esophageal cancer. However, the molecular
pathogenesis of HPV-infected esophageal cancer remains unclear. The expression levels of some microRNAs includ-
ing miR-125b have been negatively correlated with HPV infection, and miR-125b downregulation is associated with
tumorigenesis. In addition, Wnt/B-catenin signaling pathway has been suggested to play an important role in esoph-
ageal cancer (EC). We examined miR-125b and Wnt/B-catenin signaling pathway in HPV-16 E6 promoted tumor
progression in EC. HPV-16 EG6 transfection decreased markedly the expression levels of miR-125b and promoted the
colony formation in the Eca 109 and Kyse 150 cell lines, and restoration of miR-125b expression level antagonized
the increased colony formation in HPV-16 E6 transfected cell lines. We also demonstrated that overexpression of
E6 upregulated the Wnt/[-catenin signaling activity via modulating the multiple regulators including TLE1, GSK3p,
and sFRP4.0verexpression of miR-125b restored the expression levels of these proteins. Expression of miR-125b
was lower in HPV-16 E6 positive esophageal cancer tissues, and was negatively correlated with E6 mRNA levels. Our
results indicate that HPV-16 E6 promotes tumorigenesis in EC via down-regulation of miR-125b, and this underlying

mechanism may be involved in the activation of the Wnt/B-catenin signaling pathway.
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Introduction

Esophageal cancer (EC) is one of the most com-
mon upper gastrointestinal tract malighancies
worldwide [1]. There are about 3 times more
esophageal cancers in males than females.
According to different pathological and etiologi-
cal characteristics, esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarci-
noma (EAC) are the two main subtypes. ESCC is
common frequently found in the developing
countries, while EAC is common the western
countries [2, 3]. Due to the absence of early
symptoms, invasiveness of the disease, and its
late diagnosis, it is generally associated with a
poor prognosis and the 5-year survival is only
about 10% [2]. However, the etiology of esopha-
geal cancer is still unclear. Human papilloma
virus (HPV) has been suggested as a possible
cause of EC. HPV has more than 140 geno-
types, which are classified into high-risk and

low risk types; and HPV-16 infection is more
prevalent than any other high-risk HPV type in
most regions of the world [4]. Several lines of
clinical studies in different regions of the world
have suggested that HPV-16 infection may be
an important risk factor for EC [5-7]. Thus, it is
important to investigate the mechanism of HPV-
16 infection in the development of EC.

MicroRNAs have been described as key regula-
tors in cancer, and play an important role in
tumor development either by acting as onco-
genes or tumor suppressor genes [8]. Recent
studies suggested that some microRNAs are
essential in the occurrence and development of
the HPV-associated cancers, including EC [6, 9,
10]. MiR-218 and miR-125b have been found to
be negatively correlated with HPV-infected tis-
sues, and studies indeed have shown that HPV
mediated miR-218 downregulation is associat-
ed with EC [9]. Downregulation of miR-125b has
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been linked to breast, ovarian, hepatocellular
and thyroid carcinomas [11-13], therefore, miR-
125b may have a tumor suppressor role, and
miR-125b has also been found to be down-reg-
ulated in oral squamous cell carcinoma [14].
The role of miR-125b in EC is largely unknown.

The WNT/B-catenin signaling pathway plays
essential roles in cell proliferation and differen-
tiation, and deregulated WNT/B-catenin path-
way leads to many types of human cancers [15-
17]. In esophageal cancer cells, WNT1 induces
B-catenin/TCF-dependent transcription, and
modulated a-catenin and B-catenin expression
was found in esophageal cancer tissues
[18-20].

In this study, we first transfect Eca 109 and
Kyse 150 cell lines with HPV-16 E6 to investi-
gate whether overexpression of E6 has an
effect on the miR-125b expression level and
colony formation. We also examined if the
altered expression of miR-125b is associated
with the activation of Wnt/B-catenin signaling
pathway, which has been suggested playing an
important role in esophageal cancer [18-20].
Finally, we determined the expression level of
miR-125b in HPV-16 E6 negative or positive
esophageal cancer tissues.

Materials and methods

Cell lines and culture

The Eca 109 and Kyse 150 cell lines were
obtained from Shandong Academy of Medical
Sciences (Shandong, China). The cells were cul-
tured with DMEM culture mediums at 37°Cina
humidified atmosphere of 5% CO,. When the
cell confluence was about 75-80%, the cells
were washed by sterile phosphate-buffered
saline (PBS). After neutralizing the trypsin
(Invitrogen, CA USA) by full medium and wash-
ing by PBS, the cells were collected by centrifu-
gation at 1200 g for 3 min. Then the cell pellet
was resuspended with fresh full medium cor-
respondingly. Finally, the cells were passaged
to four new 100 mm plastic tissue culture dish-
es and incubated at 37°C in a humidified atmo-
sphere of 5% CO, to expand the cells for
experiments.

Tissue samples

This study was approved by the Ethics Review
Committees of the First Affiliated Hospital of
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Soochow University, and informed consent was
obtained from all patients. A total of 26 patients
with esophageal cancer had routine surgery at
the Second Hospital of Longyan. Samples tis-
sues taken from these patients were snap-fro-
zen in liquid nitrogen for further real-time poly-
merase chain reaction (PCR) analysis.

Construct of pcDNA3.1-E6 vector

The E6 DNA fragment of HPV-16 was obtained
by PCR from SiHa genomic DNA. The 50 ul vol-
ume of the PCR reaction solution will contain 2
pl DNA, 0.25 ul of TAKARA Ex TaqTM (5 units/
ph), 5 yl of 10x Ex Taq Buffer, 1 ul of dNTP
Mixture (10 mM), 30.25 pl nuclease-free water,
2.5 pl each of forward and reverse primers with
EcoRI and Hindlll restriction endonuclease tar-
get sequences, respectively. The PCR amplifi-
cation conditions were: 94°C for 10 minutes,
30 cycles of 94°C for 30 seconds, 55°C for 1
minute and 72°C for 3 minutes, then followed
by 72°C for 10 minutes. Subsequently, the PCR
product will be purified by QIAquick PCR
Purification Kit (Qiagen, Valencia, CA). The puri-
fied PCR product and pcDNA3.1 vector will be
digested by EcoRI and Hindlll, respectively.
After purification by QIAquick PCR Purification
Kit (Qiagen, Valencia, CA) and quantification by
using NanoDrop ND-1000 UV-VIS spectropho-
tometer (Model: 200048602), the digested
and purified PCR product and pcDNA3.1 vector
will be ligated by T4 DNA ligase to obtain the
vector with fragment of HPV-16 EG6.

HPV-16 EG6 transfection

Eca 109 and Kyse 150 cells were seeded about
30% confluence in the 24-well plates. 500 ng
pcDNA3.1-E6 vectors and 1.5 pl of Lipofecta-
mine 2000 reagent were diluted in 25 pl of
Opti-MEM separately, incubated at room tem-
perature for 5 min and then mixed gently. The
mixture was allowed to stand for 20 min at
room temperature before adding to the well.
After 24-hour incubation at 37°C for transfec-
tion, the cells were collected for further experi-
ments. The cells transfected with empty vector
were used for the controls.

HPV-16 E6 siRNA transfection assays

The RNA interference target sequences for
HPV-16 E6 siRNA have been previously verified
[21, 22], the procedures and methods were
described previously [23].
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Figure 1. HPV-16 E6 mRNA expression levels in ECa 109 and Kyse 150 cells received different treatments. The E6
mRNA expression levels relative to GAPDH in ECa 109 and Kyse 150 cells were shown. Data represents the mean
+ s.e.m. of 3 determinations. VC = vector control (cells transfected with empty vector); E6 = cells transfected with
HPV EB, E6si = cells transfected with HPV E6 and silenced by E6 siRNA. Significant differences between groups were
indicted as “"P < 0.01, "P < 0.001 (One-way ANOVA followed by Bonferroni’s multiple comparison tests).

MiR-125b mimic transfection assays

MiR-125b mimic were used to increase the
expression levels of miR-125b, non-specific
sequences were designed as negative control
(NC) (Ribobio, Guangzhou, China). Eca 109 and
Kyse 150 cells were seeded about 30% conflu-
ence in the 24-well plates; and miR-125b mimic
or miR-125b NC and pcDNA3.1-E6 vectors were
transfected with Lipofecatmine 2000 reagent.

Quantitative real time PCR (qRT-PCR) analysis
of E6 mRNA

Total RNA was extracted by homogenization in
1 ul Trizol reagent, followed by chloroform
extraction and isopropanol precipitation. A 3 pg
sample of total RNA from ECa 109 or Kyse 510
cells was reverse transcribed using SuperScript
Il Reverse Transcriptase (Invitrogen) and
Oligod(T),; primer. For E6 mRNA amplification,
the primers 5-CGGAATTCATGCACCAAAAGAG-
AACTGCA-3’ and 5'-CCCAAGCTTACAGCTGGGTT-
TCTCTACG-3’ were used; and GAPDH were used
as an internal control.

gRT-PCR for miR-125b analysis

DNase I-treated total RNA (10 ng) was subject-
ed to microRNA RT-PCR analysis with the
TagMan® miRNA reverse Transcription Kit
(Applied Biosystems), miRNA Assays (Applied
Biosystems), and a Real-Time Thermocycler
7500 (Applied Biosystems. RNU6B was used
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as the small RNA reference housekeeping
gene. The primers for miR-125b were: 5-GC-
CCTCCCTGAGACCCTAAC-3’ and 5-GTGCAGG-
GTCCGAGGT-3'.

Western blotting

Western blot analysis was performed using
anti-glycogen synthase kinase 3 beta (GSK3-
beta) (1:3000, Abcam Cambridge, MA, USA);
anti-TLE1 (1:2500, Abcam Cambridge, MA,
USA); anti-secreted Frizzled-related proteins 4
(sFRP4) (1:2500, Abcam Cambridge, MA, USA);
anti-beta-catenin (1:3000, Abcam Cambridge,
MA, USA), and GAPDH was used a loading
control.

Colony formation assay

For the colony formation assay, 500 transfect-
ed cells were plated in a 6-well plate for 9 days.
Colonies were fixed with methanol/acetone
(1:1) and stained with crystal violet.

Statistical analysis

All statistical analysis was carried out using
GraphPad Prism version 5 (GraphPad Prism
version 5.0, Inc. California, USA). The differenc-
es of E6 mRNA levels, miR-125b levels, and
protein levels were analyzed by one-way ANOVA
followed by Bonferroni’s multiple comparison
tests. All data are expressed as mean * s.e.m.
Differences were considered significant when P
< 0.05.

Int J Clin Exp Pathol 2015;8(10):13687-13694
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Figure 2. HPV-16 E6 down-regulated miR-125b expression in ECa 109 and Kyse 150 cells. The miR-125b expres-
sion levels relative to RNUGB in Eca 109 and Kyse 150 cells were shown. VC = vector control (cells transfected with
empty vector); E6 = cells transfected with HPV E6. Data represents the mean + s.e.m. of 3 determinations. The
relative miR-125b level in the VC group was arbitrarily assigned as 1. Significant differences between groups were
indicted as **P < 0.01, **P < 0.001 (One-way ANOVA followed by Bonferroni’s multiple comparison tests).
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Figure 3. Western blot analysis of TLE1, GSK3beta, sFRP4, and beta-catenin in Eca 109 and Kyse 150 cells. VC =
vector control (cells transfected with empty vector); E6 = cells transfected with HPV-16 EG6.

Results

HPV-16 E6 mRNA expression levels in Eca 109
and Kyse 510 cells with different treatments

The E6 mRNA expression levels in Eca 109 and
Kyse 150 cells were determined by gRT-PCR
analysis. The E6 mRNA was hardly detected in
the Eca 109 and Kyse 510 cell lines transfect-
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ed with empty vector (the mRNA levels relative
to GAPDH were 0.214 + 0.007 and 0.202 +
0.004, respectively); and Eca 109 and Kyse
150 cell lines transfected with pcDNA3.1-E6
vector had a significant increase in the E6
mMRNA levels; silencing of HPV-16 E6 significant-
ly decreased E6 mRNA levels in both Eca 109
and Kyse 150 cell lines transfected with
pcDNA3.1-E6 vector (P < 0.05; n = 3, Figure 1).

Int J Clin Exp Pathol 2015;8(10):13687-13694
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Figure 4. Effects of HPV-16 E6 on the colony formation in Eca 109 and Kyse 150 cells. The number of colonies for (A)
Eca 109 cells, and (B) Kyse 150 cells received different treatments were shown. Representative colony formations
for (C) Eca 109 cells and (D) Kyse 150 cells received different treatments were shown. VC = vector control (cells
transfected with empty vector); E6 = cells transfected with HPV E6. Data represents the mean + s.e.m. of 3 deter-
minations. Significant differences between groups were indicted as *P<0.05, **P<0.01 (One-way ANOVA followed

by Bonferroni’s multiple comparison tests).

HPV-16 E6 mediated miR-125b expression in
Eca 109 and Kyse 150 cells

The miR-125b expression levels in Eca 109 and
Kyse 150 cells were measured by real-time
PCR; and data showed that the miR-125b level
was significantly lower in HPV-16 E6 transfect-
ed Eca 109 and Kyse 150 cells than their rela-
tive controls, respectively (P < 0.05; n = 3,
Figure 2). Transfection of miR-125brestored
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the miR-125b levels in cells transfected with
HPV-16 E6 (P < 0.05; n = 3, Figure 2).

HPV-16 E6 modulates Wnt/B-catenin signaling
activity via miR-125b

In the HPV-16 EG6 transfected cells, the protein
levels of B-catenin were significantly higher
than their relative controls, while the protein
expression levels of sFRP4, GSK3[, and TLE1

Int J Clin Exp Pathol 2015;8(10):13687-13694
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Figure 5. MiR-125b is negatively correlated with expression level of E6 mRNA in HPV-16 E6 positive esophageal can-
cer tissues. A: MiR-125b is down-regulated in HPV-16 E6 positive esophageal cancer tissues; B: Correlation of miR-
125b levels to HPV-16 E6 mRNA levels in HPV-16 E6 positive esophageal cancer tissues. Data represents the mean
+ s.e.m. of 13 determinations. Significant differences between groups were indicted as *P < 0.05 (unpaired t-test).

were down-regulated (n = 3, Figure 3). Over-
expression of miR-125b in Eca 109 and Kyse
150 cells transfected by HPV-16 E6 restored
the protein levels of B-catenin, sFRP4, GSK30,
and TLEZ, respectively (n = 3, Figure 3).

HPV-16 E6 promote cell proliferation via down-
regulation of miR-125b

The number of colonies in HPV-16 E6 transfect-
ed Eca 109 and Kyse 150 cells were signifi-
cantly increased compared to their relative con-
trols, respectively (Eca 109: 123.8 + 6.6 vs.
249.0 £ 8.4; Kyse 150: 126.6 + 14.5vs. 244.0
+ 24.8; P < 0.05; n = 4-5, Figure 4). Over-
expression of miR-125b in the cells transfected
by HPV-16 E6 significantly decreased the num-
ber of colonies (P < 0.05; n = 4-5, Figure 4).

MiR-125b is down-regulated in HPV-16 E6
positive esophageal cancer tissues

The expression of miR-125b in 13 HPV-16 E6
positive esophageal cancer tissues and 13
HPV-16 E6 negative esophageal cancer tissues
were detected by gRT-PCR. The expression
level of miR-125b in HPV-16 E6 positive esoph-
ageal cancer tissues was significantly higher
than in HPV-16 E6 negative cancer tissues (P <
0.05; n = 13, Figure 5A); and the expression
level of E6 mRNA was negatively correlated
with miR-125b level (n = 13; Figure 5B).

Discussion

HPV-16 E6 promotes tumorigenesis in EC via
down-regulation of miR-125b, and this underly-
ing mechanism may be involved in the activa-
tion of the Wnt/B-catenin signaling pathway.
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Many studies have investigated the association
between HPV and esophageal cancer [5, 7, 24],
but few reports have explored the molecular
mechanism of HPV infection in esophageal
cancer. In this study, we report for the first time
that E6-mediated miR-125b is responsible for
the tumor progression in HPV-16-infected Eca
109 and Kyse 150 cell lines. HPV infection has
been shown to be involved in the development
of human cancers including cervical and oro-
pharyngeal carcinomas via altering the levels of
several microRNAs [6, 9, 10]. There is also evi-
dence showing that miR-125b is negatively cor-
related with HPV-infected tissues [25]. MiR-
125b is highly conserved miRNA common
among various species; downregulation of miR-
125b has been linked to breast, ovarian, hepa-
tocellular and thyroid carcinomas [11-13],
therefore, miR-125b may have a tumor sup-
pressor role, and miR-125b has been found to
be down-regulated in oral squamous cell carci-
noma [14]. The present study showed that miR-
125b is downregulated in E6 infected Eca 109
and Kyse 150 cell lines, and the downregula-
tion is related to the increased colony forma-
tion in these cell lines. By comparing HPV-16 E6
positive and HPV-16 E6 negative esophageal
cancer tissues, we further confirmed that miR-
125b is down-regulated in HPV-16 E6 positive
esophageal cancer tissues and is inversely cor-
related with the expression levels of E6G mRNA.
These results suggest that miR-125b plays an
important role in tumor progression in HPV-16
E6-infected esophageal cancer.

The Wnt/B-catenin signaling pathway is a well-
characterized pathway involved in oncogenesis

Int J Clin Exp Pathol 2015;8(10):13687-13694
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in many systems [26, 27]. Wnt/B-catenin sig-
naling pathway plays an important role in the
regulation of cell proliferation, differentiation,
migration and cell death [28, 29]. Dysregulation
of Wnt/B-catenin signaling pathway has been
linked to many cancers [30]. Understanding the
underlying mechanisms may reveal novel tar-
gets for cancer therapy. In the present study,
we found that HPV E6 activates Wnt/[B-catenin
pathway in different layers trough direct down-
regulation of sFRP4, GSK3beta, and TLE1, and
this might be due to the down-regulation of
miR-125b. sFRP4 is a putative Wnt-binding
receptor, and several studies suggested that
sFRP4 may be a tumor suppressor [31]. Studies
have shown that sFRP4 is decreased in endo-
metrial cancer cells and can inhibit cell growth
[32]; it can also increase the sensitivity of glio-
ma stem-like cells to chemotherapy by inducing
apoptosis through the inhibition of Wnt/
B-catenin signaling [33]. The molecular mecha-
nism underlying sFRP4 protein downregulation
in Eca 109 and Kyse 150 cell lines remained
largely unclear, and it is possible that miR-125b
targets the sFRP4-3’'UTR to inhibit sFRP4
expression [34]. Further studies may be need-
ed to determine the direct targets of miR-125b
on these regulators including TLE1, sFRP4,
GSK3beta and beta-catenin. It may also be
worthy to examine if HPV-16 E6 could modulate
downstream targets such as c-myc and cyclin
D1 in Wnt/B-catenin signaling pathway.

In summary, we demonstrate that E6 is respon-
sible for the colony formation via down-regula-
tion of miR-125b in HPV-infected Eca 109 and
Kyse 150 cell lines, which is associated with
Wnt/B-catenin signaling pathway. Therefore,
we suggest that miR-125b can be targeted to
suppress the progression and metastasis of
esophageal cancer, especially in HPV-infected
esophageal cancer.
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