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ABSTRACT

Background: Collagen type X alpha 1 (COL10A1) belongs to the collagen family and constitutes the main
component of the interstitial matrix. COL10A1 was found to be dysregulated in various cancers, and to
participate in tumorigenesis. However, the role of COL10A1 in cervical cancer (CC) remains unclear.
Methods: Expression of COL10A1 in CC cells and tissues was detected by western blot and qRT-PCR. CC
cells were transfected with pcDNA-COL10A1 or si-COL10A1, and the effect of COL10A1 on cell prolif-
eration of CC was assessed by MTT and colony formation assays. Cell metastasis was detected by wound
healing and transwell assays. Western blot was applied to evaluate epithelial-mesenchymal transition. Re-
sults: COL10A1 was significantly elevated in CC tissues and cells (P < 0.001). Over-expression of COL10A1
increased cell viability of CC (P < 0.001), and enhanced the number of colonies (P < 0.001). However,
knockdown of COL10A1 reduced the cell proliferation of CC (P < 0.001). Over-expression of COL10A1 also
promoted cell migration (P < 0.001) and invasion (P < 0.001) of CC, whereas silencing of COL10A1
suppressed cell metastasis (P < 0.001). Protein level of E-cadherin in CC was reduced (P < 0.05), whereas
N-cadherin and vimentin were enhanced by COL10A1 over-expression (P < 0.001). Silencing of COL10A1
reduced the protein level of TGF-b1 (P < 0.01), and down-regulated the phosphorylation of Smad2 and
Smad3 in CC (P < 0.001). Conclusion: Down-regulation of COL10A1 suppressed cell proliferation,
metastasis, and epithelial-mesenchymal transition of CC through inactivation of TGF-b/Smad signaling.
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INTRODUCTION

Cervical cancer (CC) is one of the most common causes of cancer-related death in women
worldwide [1, 2]. Risk factors, such as poor hygiene, human papilloma virus history, and polyga-
mous spouse, contribute to the progression of CC [3]. CC is generally diagnosed at an advanced
stage due to insufficient early detection [4], and the 5-year survival rate remains low [5]. Therefore,
therapeutic targets for CC are urgently needed for the effective prevention of the disease.

Collagen type X alpha 1 (COL10A1) is a member of the collagen family, and constitutes
the main component of the interstitial matrix [6]. COL10A1 is elevated in various solid tu-
mors, including gastric [7], breast [8], and colorectal [9] cancer, and is associated with poor
prognosis. COL10A1 is regarded as a diagnostic or prognostic biomarker for tumors, and might
be a potential target for tumors [10–13]. Moreover, COL10A1 is also involved in many key
cellular processes, including cell proliferation, migration, and invasion [14]. However, the role of
COL10A1 in CC has not been reported yet.

TGF-b is a cytokine essential for the regulation of cellular processes, and plays a key role in
tumor initiation and progression [15]. TGF-b binds to the receptors TGFbR1 and TGFbR2,
recruits and phosphorylates Smads, thus regulating the transcription of target genes involved
in cell proliferation, metastasis and epithelial-mesenchymal transition (EMT) of tumors [15]. It
has been reported that TGF-b/Smad pathway is activated in CC [16]. TGF-b induced cell
metastasis and EMT in CC [17], and suppression of TGF-b signaling contributed to the inhi-
bition of EMT in CC [18]. In addition, TGF-b1 has been reported to phosphorylate Smad2 to
increase protein expression of COL10A1, and to promote the invasion and EMT of gastric
cancer [19]. Therefore, we hypothesized that COL10A1 might be involved in TGF-b/Smad-
mediated EMT in CC.

In this study, the effects of COL10A1 on cell proliferation, metastasis and EMT of CC were
investigated. The underlying mechanism involved in COL10A1-mediated CC may provide a
potential target for the prevention of CC.

MATERIALS AND METHODS

Cell culture and transfection

Human CC cells (C-33A, HeLa, CaSki and ME-180) and cervical epithelial cells (HCerEpiC)
were acquired from Shanghai Institutes for Biological Sciences (Shanghai, China). Cells were
cultured in RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine
serum (Invitrogen) at 37 8C. pcDNA3.1-COL10A1 and the negative control (pcDNA3.1), as well
as siRNA targeting COL10A1 (si-COL10A1) and the negative control (siRNA-NC) were pur-
chased from Genepharma (Shanghai, China). HeLa and C-33A cells were transfected with the
plasmids or siRNAs using Lipofectamine® 3000 (Invitrogen). Cells were transfected with the
same volume of RPMI-1640 medium, and regarded as control (NC).
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qRT-PCR. Cells were lysed in TRIzol (Invitrogen) to isolate the RNAs. RNAs were then syn-
thesized into cDNAs using the Multiscribe� Reverse transcription Kit (Applied Biosystems, CA,
USA), and the mRNA expression of COL10A1 was detected by the PreTaq II kit (Takara,
Dalian, Liaoning, China) with following primers through the 2�△△Ct method:

COL10A1:

Forward: 50-ATGCTGCCACAAATACCCTTT-30;

Reverse: 50-GGTAGTGGGCCTTTTATGCCT-30.

The mRNA expression was normalized to GAPDH:

Forward: 50-TCAACGACCACTTTGTCAAGCAGAGT-30;

Reverse: 50-GCTGGTGGTCCAGGGGTCTTACT-30

Cell viability and proliferation assays

HeLa and C-33A cells were seeded in 96-wells plates and transfected with the indicated plasmids
or siRNAs, and cultured for 24, 48 or 72 h. Cells in each well were incubated with 10 mL MTT
solution (Beyotime, Beijing, China) for another 4 h. Dimethyl sulfoxide was then added, and the
absorbance at 450 nm was measured by microplate reader (Bio-Rad, Hercules, CA, USA). For
cell proliferation assay, HeLa and C-33A cells with indicated transfections were seeded in 6-well
plates, and cultured for 10 days. Cells were fixed in methanol, stained with crystal violet, and
then measured under microscope (Olympus, Tokyo, Japan). The colony numbers were calcu-
lated by Image J v.1.46 (National Institutes of Health, Bethesda, MD, USA).

Cell migration and invasion assays

HeLa and C-33A cells with indicated transfections were seeded in 6-well plates, and then
scratched using a 200 mL pipette tip in the middle of each well. Twenty-four hours later, the
wound was observed under the microscope (Olympus), and the wound width was also calculated
by Image J. For cell invasion assay, HeLa and C-33A cells with indicated transfections were plated
into the upper champers of Transwell chambers (Corning Incorporated, Corning, NY, USA) in
serum-free medium. To the lower chambers, medium with 20% fetal bovine serum was added.
Twenty-four hours later, cells in the lower chamber were stained with crystal violet, and observed
under the microscope (Olympus). The number of invasive cells was also calculated by Image J.

Western blot

Cells were lysed in RIPA buffer (Beyotime), and the protein concentration was calculated by the
BCA Protein Assay Kit (Sigma-Aldrich, St Louis, MO, USA). Proteins (30 mg) were separated by
10% SDS-PAGE, and then transferred onto nitrocellulose membranes. The membranes were
blocked in 5% skimmilk, and incubated with specific antibodies: anti-COL10A1 and anti-GAPDH
(1:1500, Abcam, Cambridge, UK), anti-E-cadherin and anti-N-cadherin (1:2500, Abcam), anti-
Vimentin and anti-TGF-b1 (1:3000, Abcam), anti-Smad2 and anti-p-Smad2 (1:3500, Abcam),
anti-Smad3 and anti-p-Smad3 (1:4000, Abcam). After washing with PBS, the membranes were
probed with horseradish peroxidase-conjugated secondary antibody (1:5000, Abcam), and im-
munoreactivities were visualized using enhanced chemiluminescence (Sigma-Aldrich).
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Statistical analysis

All the data with at least triple replicates were expressed as mean ± SEM, and analyzed by
student’s t-test or one-way analysis of variance using SPSS software. A P value of <0.05 was
considered as statistically significant.

RESULTS

COL10A1 was elevated in CC

Data based on the TCGA database showed that COL10A1 was significantly up-regulated in
CC tissues (n 5 305) compared to normal tissues (n 5 3) (Fig. 1A). Human CC cells (C-33A,
HeLa, CaSki and ME-180) also exhibited higher mRNA (Fig. 1B) and protein (Fig. 1C and D)
expression than cervical epithelial cells (HCerEpiC), suggesting that COL10A1 might be
involved in CC progression.

Fig. 1. COL10A1 was elevated in cervical cancer
(A) COL10A1 was up-regulated in CC tissues (n 5 305) compared to the normal tissues (n 5 3) based on
the TCGA database. CESC: cervical squamous cell carcinoma. (B) COL10A1 mRNA was up-regulated

in Human CC cells (C-33A, HeLa, CaSki and ME-180) compared to cervical epithelial cells (HCerEpiC).
(C) COL10A1 protein was up-regulated in Human CC cells (C-33A, HeLa, CaSki and ME-180) compared
to cervical epithelial cells (HCerEpiC). (D) Relative protein expression of COL10A1 in Human CC cells

(C-33A, HeLa, CaSki and ME-180) and HcerEpiC. n 5 3. p P < 0.05, ppp P < 0.001
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COL10A1 contributed to cell proliferation of CC

To assess the effects of COL10A1 on CC, HeLa and C-33A cells were transfected with
pcDNA3.1-COL10A1 or si-COL10A1. Transfection with pcDNA3.1-COL10A1 or si-COL10A1
increased or decreased, respectively, the protein expression of COL10A1 (Fig. 2A and B).
Over-expression of COL10A1 increased cell viability of HeLa and C-33A, whereas knockdown
of COL10A1 decreased the cell viability (Fig. 2C). Moreover, COL10A1 over-expression

Fig. 2. COL10A1 contributed to cell proliferation of cervical cancer
(A) Transfection with pcDNA3.1-COL10A1 or si-COL10A1 increased or decreased protein expression

of COL10A1, respectively in Hela and C-33A. (B) Relative protein expression of COL10A1 in HeLa and
C-33A transfected with pcDNA3.1-COL10A1 or si-COL10A1. (C) Over-expression of COL10A1 increased

cell viability of HeLa and C-33A, whereas knockdown of COL10A1 decreased the cell viability. (D)
Over-expression of COL10A1 increased cell proliferation of HeLa and C-33A, whereas knockdown of
COL10A1 decreased the cell proliferation. (E) Over-expression of COL10A1 increased colony number
of HeLa and C-33A, whereas knockdown of COL10A1 decreased the colony number. n 5 3. ppp vs.

pcDNA3.1, P < 0.001. ^^^ vs. siRNA-NC, P < 0.001
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promoted cell proliferation of HeLa and C-33A (Fig. 2D) through enhancing of colony number
(Fig. 2E), whereas COL10A1 silencing suppressed proliferation (Fig. 2D) through reduction
of colony number (Fig. 2E). These results suggested the anti-proliferative effect of COL10A1
silencing on CC.

Fig. 3. COL10A1 contributed to cell metastasis of cervical cancer
(A) Over-expression of COL10A1 increased wound width of HeLa and C-33A, whereas knockdown of
COL10A1 decreased the wound width. (B) Over-expression of COL10A1 promoted cell invasion of HeLa
and C-33A, whereas knockdown of COL10A1 suppressed the cell invasion. n 5 3. ppp vs. pcDNA3.1, P <

0.001. ^^, ^^^ vs. siRNA-NC, P < 0.01, P < 0.001
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COL10A1 contributed to cell metastasis of CC

Cell migration of HeLa and C-33A cells was promoted by over-expression of COL10A1
(Fig. 3A), whereas silencing of COL10A1 repressed cell migration (Fig. 3A). Similarly, trans-
fection with pcDNA3.1-COL10A1 promoted cell invasion of HeLa and C-33A cells with
increased number of invasive cells (Fig. 3B). However, cell invasion of HeLa and C-33A cells

Fig. 4. COL10A1 contributed to EMT of cervical cancer
Over-expression of COL10A1 reduced protein expression of E-cadherin, enhanced N-cadherin and

Vimentin in HeLa and C-33A, whereas knockdown of COL10A1 enhanced E-cadherin, reduced N-cad-
herin and Vimentin. n 5 3. ppp vs. pcDNA3.1, P < 0.001. ^^^ vs. siRNA-NC, P < 0.001
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Fig. 5. COL10A1 contributed to activation of TGF-b/Smad signaling in cervical cancer
Over-expression of COL10A1 enhanced protein expression of TGF-b1, phosphorylation of Smad2 and
Smad3 in HeLa and C-33A, whereas knockdown of COL10A1 reduced TGF-b1, phosphorylation of
Smad2 and Smad3. n 5 3. ppp vs. pcDNA3.1, P < 0.001. ^^, ^^^ vs. siRNA-NC, P < 0.01, P < 0.001
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was inhibited by transfection with si-COL10A1 with reduced number of invasive cells (Fig. 3B).
These results suggested the anti-invasive effect of COL10A1 silencing on CC.

COL10A1 contributed to EMT of CC. Protein expression of E-cadherin in HeLa and C-33A
cells was reduced, whereas that of N-cadherin and Vimentin was enhanced by over-expression
of COL10A1 (Fig. 4). However, transfection with si-COL10A1 up-regulated E-cadherin protein,
and down-regulated N-cadherin and Vimentin (Fig. 4) to inhibit EMT of CC.

COL10A1 contributed to activation of TGF-b/Smad signaling in CC

Transfection with pcDNA3.1-COL10A1 enhanced protein expression of TGF-b1 in HeLa and
C-33A cells (Fig. 5), whereas transfection with si-COL10A1 reduced the protein expression
(Fig. 5). Protein levels of Smad2 and Smad3 were not affected by transfection with pcDNA3.1-
COL10A1 or si-COL10A1 in HeLa and C-33A (Fig. 5). The phosphorylation of Smad2 and
Smad3 was enhanced by over-expression of COL10A1 (Fig. 5), and decreased by silencing of
COL10A1 (Fig. 5). These results indicated that inhibition of COL10A1 inhibited the activation
of TGF-b/Smad signaling in CC.

DISCUSSION

Extracellular matrix is an abundant component in tumor microenvironment that modulates
tissue tension homeostasis and tumor cell behaviors [20]. Collagens, the major components of the
extracellular matrix are regarded as a scaffold of tumor microenvironment through promotion of
angiogenesis, tumor infiltration, and metastasis [20]. Aberrant expression of collagens was found
in CC [21], and COL1A1 regulated radiation-induced cell apoptosis in CC [22]. This study found
the oncogenic role of COL10A1 in CC through promoting cell proliferation, metastasis and EMT.

Firstly, data based on the TCGA database showed that COL10A1 was elevated in CC tissues.
Moreover, CC cells also expressed higher levels of COL10A1 than did cervical epithelial cells.
Necula et al. have shown that higher expression of COL10A1 was associated with advanced
tumor stage of gastric cancer, and COL10A1 might function as a diagnostic and prognostic
biomarker for the tumor [23]. Therefore, the relation between COL10A1 and the clinical-
pathological characteristics of patients with CC should be evaluated to identify the prognostic or
diagnostic roles of COL10A1 in CC.

Liang et al. have shown that COL10A1 contributed to the malignant progression of lung
adenocarcinoma through promoting of cell proliferation and metastasis [24]. Our results showed
that silencing of COL10A1 reduced cell proliferation of CC, and suppressed migration and in-
vasion. Xu et al. showed that epithelial cells underwent EMT and in this process, they lost po-
larity, specialized cell-cell contacts, and acquired migratory behavior, which contributed to cell
metastasis of tumors [25]. Blockade of EMT was considered to be a potential strategy for CC [26].
COL10A1 has been shown to down-regulate E-cadherin, and up-regulate N-cadherin, Slug and
Snail proteins to promote the EMT of colorectal cancer [9]. In our study, E-cadherin was
enhanced, whereas N-cadherin and Vimentin were reduced by silencing of COL10A1 in CC cells,
suggesting that knockdown of COL10A1 suppressed EMT of CC to inhibit the tumor metastasis.

Emerging evidence has shown that TGF-b1 induced EMT through phosphorylation of
Smad2 and Smad3 [27]. Inhibition of TGF-b/Smad2/3 signaling contributed to the suppression
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of epithelial→mesenchymal transition in ovarian cancer [28]. The phosphorylation level of
Smad2 in gastric cancer cells was decreased by transfection with si-COL10A1, and silencing
of COL10A1 inhibited EMT, as well as the migration and invasion abilities of gastric cancer
cells [19]. Results in this study demonstrated that silencing of COL10A1 reduced TGF-b1
expression, and down-regulated phosphorylation of Smad2 and Smad3 in CC, indicating that
COL10A1 contributed to EMT of CC through activation of TGF-b/Smad2/3 signaling.

In summary, COL10A1 was elevated in CC, and knockdown of COL10A1 suppressed cell
proliferation, metastasis and EMT of CC through inactivation of TGF-b/Smad2/3 signaling.
However, the effect of COL10A1 on cell apoptosis of CC, and the in vivo effects of COL10A1 on
tumor growth of CC should be investigated in further research.
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