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SOX9/miR-130a/CTR1 axis modulates DDP-resistance of cervical cancer cell
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ABSTRACT
Cisplatin (DDP) -based chemotherapy is a standard strategy for cervical cancer, while chemoresistance
remains a huge challenge. Copper transporter protein 1 (CTR1), a copper influx transporter required for
high affinity copper (probably reduced Cu I) transport into the cell, reportedly promotes a significant
fraction of DDP internalization in tumor cells. In the present study, we evaluated the function of CTR1 in
the cell proliferation of cervical cancer upon DDP treatment. MicroRNAs (miRNAs) have been regarded as
essential regulators of cell proliferation, apoptosis, migration, as well as chemoresistance. By using online
tools, we screened for candidate miRNAs potentially regulate CTR1, among which miR-130a has been
proved to promote cervical cancer cell proliferation through targeting PTEN in our previous study. In the
present study, we investigated the role of miR-130a in cervical cancer chemoresistance to DDP, and
confirmed the binding of miR-130a to CTR1. SOX9 also reportedly act on cancer chemoresistance. In the
present study, we revealed that SOX9 inversely regulated miR-130a through direct targeting the promoter
of miR-130a. Consistent with previous studies, SOX9 could affect cervical cancer chemoresistance to DDP.
Taken together, we demonstrated a SOX9/miR-130a/CTR1 axis which modulated the chemoresistance of
cervical cancer cell to DDP, and provided promising targets for dealing with the chemoresistance of
cervical cancer.
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Introduction

Cervical cancer, the second most common type of cancer in
females worldwide, is one of the major causes of mortality in
females [1]. Cisplatin (DDP) is one of the most widely used first
line drugs for the treatment of solid organ cancers and are cura-
tive for most patients with germ cell tumors [2]. They are cur-
rently used in standard chemotherapy protocols for the
treatment of patients with ovarian, bladder, cervical, head and
neck and cervical cancers [3]. However, intrinsic and/or
acquired resistance to DDP-based chemotherapy still remains a
huge challenge for treatment of patients with cervical cancer.

Copper transporter 1 (CTR1, or hCtr1 encoded by
SLC31A1), a copper influx transporter required for high affinity
copper (probably reduced Cu I) transport into the cell, report-
edly promotes a significant fraction of DDP internalization in
tumor cells [4,5]. DDP resistance in cancers is associated with
changes in CTR1 level, sub-cellular localization or functionality
[6,7]. As the primary copper influx transporter, CTR1 controls
cellular DDP accumulation. The correlation between higher
CTR1 levels and higher platinum drug uptake in tumor cells
has been confirmed in a number of studies [5,8]. CTR1 upregu-
lation can sensitize tumor cells to platinum drugs, while CTR1
downregulation promotes resistance [5]. However, the detailed
role of CTR1 in cervical cancer chemoresistance to DDP has
not been revealed.

Non-coding RNAs (ncRNAs) are RNA transcripts of vari-
able length, which are basically not transcribed and translated
into proteins. One best studied example, especially in cancer, is
microRNA (miRNA) [9]. The discovery of the miRNA has cre-
ated additional layers of genomic regulatory functions [10–12].
Recent studies have developed further insight into the roles
conducted by miRNAs in the development of innate and/or
acquired chemoresistance properties of tumors [13]. We dem-
onstrated that miR-130a promotes cervical cancer cell prolifer-
ation through targeting PTEN to inhibit its expression in our
previous study [14]. In the present study, we further investi-
gated its role and mechanism in cervical cancer
chemoresistance.

In addition to miR-130a, SOX9, a transcription factor that
may act as both oncogene and tumor suppressor depending on
tumor origin, has been reported to play an essential role in can-
cer chemoresistance. SOX9 mediates SOX2-regulated prolifera-
tion, senescence, and self-renewal of glioma cells [15]; high
levels of SOX2 and SOX9 correlate with TMZ resistance of gli-
oma cell [15]. Although SOX9 might act on cancer chemore-
sistance, the function of SOX9 in the chemoresistance of
cervical cancer remains to be uncovered.

In the present study, we assessed the detailed function of
CTR1, miR-130a and SOX9 in the regulation of cervical cancer
chemoresistance; further, we investigated the association
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among the indicated factors and the mechanism by which they
interacted with each other to exert their functions. Taken
together, we demonstrated a SOX9/miR-130a/CTR1 axis which
modulated the chemoresistance of cervical cancer cell to DDP,
and provided promising targets for dealing with the chemore-
sistance of cervical cancer.

Results

Effect of CTR1 in cervical cancer cell chemoresistance to DDP

To evaluate the role of CTR1 in the regulation of cervical can-
cer chemoresistance to DDP, we utilized HeLa/DDP and
CaSki/DDP cells as cell models (Fig. S1). We transfected non-

resistant HeLa and CaSki cells with si-CTR1 to achieve CTR1
knockdown, and transfected DDP-resistant HeLa/DDP and
CaSki/DDP cells with CTR1 vector to achieve CTR1 overex-
pression, as verified using Western blot assays (Fig. 1A). After
transfection, the indicated cells were exposed to different doses
of DDP stimulation, 2 mg/ml for non-resistant cell lines and
8 mg/ml for DDP-resistant cell lines. The cell viability and
DNA synthesis capability of the indicated cells was then deter-
mined using MTT and BrdU assays. Upon 2 mg/ml DDP treat-
ment, the cell proliferation of si-CTR1-transfected HeLa and
CaSki cell was significantly promoted, compared to the si-NC
group (Fig. 1B, C and F). On the contrary, upon 8 mg/ml DDP
treatment, the cell proliferation of CTR1-transfected DDP-
resistant HeLa/DDP and CaSki/DDP cell was significantly

Figure 1. Effect of CTR1 in cervical cancer cell chemoresistance to DDP (A) HeLa and CaSki cells were transfected with si-CTR1; HeLa/DDP and CaSki/DDP cells were
transfected with CTR1 vectors. CTR1 protein levels were verified using Western blot assays. (B)-(E) The cell viability of si-CTR1-transfected HeLa and CaSki cell upon 2 mg/
ml DDP treatment and CTR1-transfected HeLa/DDP and CaSki/DDP cell upon 8 mg/ml DDP treatment was determined using MTT assays. (F)-(G) The DNA synthesis capa-
bility of si-CTR1-transfected HeLa and CaSki cell upon 2 mg/ml DDP treatment and CTR1-transfected HeLa/DDP and CaSki/DDP cell upon 8 mg/ml DDP treatment was
determined using BrdU assays. The data are presented as mean § SD of three independent experiments. �P<0.05, ��P<0.01.
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suppressed (Fig. 1 D, E and G). These data indicated that CTR1
actually acts on the chemoresistance of cervical cancer cell to
DDP.

Effect of miR-130a in cervical cancer cell chemoresistance
to DDP

Recent studies have developed further insight into the roles
conducted by miRNAs in the development of innate and/or
acquired chemoresistance properties of tumors [13]. To further
investigate the mechanism of CTR1 acting on cervical cancer
chemoresistance, we screened for the candidate miRNAs
potentially target CTR1 by using online tools including miR-
Walk, miRanda, RNA22 and Targetscan (Fig. 2A). Among the
candidate miRNAs, miR-130a has been reported to promote
cervical cancer cell proliferation through direct targeting PTEN
in our previous study [14]. To confirm the potential regulation
of CTR1, ectopic miR-130a expression or miR-130a inhibition
was first achieved by miR-130a mimics or miR-130a inhibitor
transfection, as verified using real-time PCR assays (Fig. 2B).
HeLa and CaSki cells were transfected with miR-130a mimics
upon 2 mg/ml DDP stimulation; DDP-resistant HeLa/DDP and
CaSki/DDP cells were transfected with miR-130a inhibitor
upon 8 mg/ml DDP treatment. As exhibited by MTT and BrdU
assays, ectopic miR-130a expression significantly promoted the
proliferation of HeLa and CaSki cell (Fig. 2C, D and G);
whereas miR-130a inhibition suppressed the proliferation of
DDP-resistant HeLa/DDP and CaSki/DDP cell (Fig. 2E, F and
H). These data indicated the potential role of miR-130a in cer-
vical cancer chemoresistance.

MiR-130a direct binding to the 30UTR of SCL31A1

We have demonstrated CTR1 and miR-130a regulation of cer-
vical cancer cell chemoresistance to DDP; next, we validated
the potential interaction between miR-130a and CTR1. In
HeLa and CaSki cells, ectopic miR-130a expression reduced
CTR1 protein levels, whereas miR-130a inhibition increased
CTR1 protein (Fig. 3A). To confirm miR-130a binding to
SCL31A1 (gene name of CTR1) predicted by online tools, we
employed luciferase reporter gene and RNA immunoprecipita-
tion assays. A wild-type and mutated SLC31A1 30UTR lucifer-
ase reporter gene vector (wt-SLC31A1 30UTR and mut-
SLC31A1 30UTR containing a 7 bp mutation in two predicted
binding sites of miR-130a) was constructed (Fig. 3B). The indi-
cated vectors were co-transfected with miR-130a mimics or
miR-130a inhibitor into HEK293 cells; the luciferase activity
was then determined using dual luciferase assays. Results
showed that the luciferase activity of wt-SLC31A1 30UTR vector
was suppressed by miR-130a mimics, whereas amplified by
miR-130a inhibitor; after mutation at either predicted miR-
130a binding site, the changes of the luciferase activity were
abolished (Fig. 3C). Further, the interaction between miR-130a
and CTR1 in cervical cancer cells was validated using RNA
immunoprecipitation assays with the AGO2 antibody. As
exhibited by Western blot assays, AGO2 protein could be pre-
cipitated from the cellular extract (Fig. 3D). In RNA extracted
from the precipitated AGO2 protein, we could detect both
miR-130a and CTR1 with a 1.8»2-folds enrichment compared

to IgG (Fig. 3E), indicating that miR-130a and CTR1 existed in
RISC. These data indicated that miR-130a might directly bind
to the 30UTR of SLC31A1 to regulate CTR1 expression.

SOX9 direct binding to the promoter of miR-130a
to regulate its expression

In previous studies, SOX9 has been reported to be associated
with cancer chemoresistance [15–17]. In addition, SOX9 could
target miRNAs to regulate their expression [18,19]. Here, we
achieved SOX9 knockdown or overexpression by transfection of
si-SOX9 or SOX9 vector into HeLa and CaSki cells, as verified
using Western blot assays (Fig. 4A). MiR-130a expression was
significantly upregulated by SOX9 overexpression, whereas
downregulated by SOX9 knockdown in both HeLa and CaSki
cells (Fig. 4B). By using online tool Jaspar database, we predicted
that miR-130a promoter possesses SOX9-reactive-element
(SOX9RE, Fig. 4C). Through mutating two predicted binding
sites, we constructed wt-miR-130a (without mutation) and mut-
miR-130a (containing a 7 bp mutation in either of the two pre-
dicted binding sites) luciferase reporter gene vectors (Fig. 4C).
These indicated vectors were co-transfected into HEK293 cells
with SOX9 vector, and then the luciferase activity was deter-
mined. Results showed that the SOX9 significantly amplified the
luciferase activity as compared to pcDNA3.1 when co-trans-
fected with wt-miR-130a containing either site 1 or site 2. When
binding element was mutated, luciferase activity was not
changed, compared to that of the pcNDA3.1 (Fig. 4D). Further-
more, the real-time ChIP assay showed that the level of SOX9
antibody binding to either site 1 or site 2 of the binding elements
in the miR-130a promoter was much greater than that of IgG
(Fig. 4E), suggesting that SOX9 might bind to the promoter of
miR-130a on the two predicted sites to activate its expression.

SOX9 regulated the chemoresistance of cervical cancer
through miR-130a/CTR1/PTEN

After confirmation of SOX9 binding to miR-130a promoter
region, we next evaluated the role of SOX9 in the regulation of
cervical cancer chemoresistance. DDP-resistant HeLa/DDP
and CaSki/DDP cells were co-transfected with si-SOX9 and
miR-130a mimics; further, the effects of co-processing si-SOX9
and miR-130a mimics on the chemoresistance of cervical can-
cer cell were evaluated. Results showed that SOX9 knockdown
sensitize the cervical cancer cell to DDP (brought down the
lC50 value of HeLa/DDP cell from 12.49 to 9.412, of CaSki/
DDP cell from 13.93 to 8.522); miR-130a mimics promoted the
chemoresistance of the cervical cancer cell to DDP (promoted
the lC50 value of HeLa/DDP cell to 16.17, of CaSki/DDP cell to
17.23); moreover, the effect of SOX9 knockdown on the che-
moresistance of the cervical cancer cell could be partially
reversed by miR-130a mimics (reversed the lC50 value of
HeLa/DDP cell from 16.17 to 11.77, of CaSki/DDP cell from
17.23 to 12.62) (Fig. 5A and B).

As we mentioned, miR-130a can direct target PTEN to pro-
mote cervical cancer cell proliferation [14]. In addition, miR-
130a direct binds to the 30UTR of SLC31A1 to inhibit CTR1
expression. Here, we evaluated the effect of co-processing si-
SOX9 and miR-130a mimics on PTEN and CTR1 protein
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Figure 2. Effect of miR-130a in cervical cancer cell chemoresistance to DDP (A) Online tools including miRWalk, miRanda, RNA22 and Targetscan were used to screen
for the candidate miRNAs potentially target CTR1, including let-7d, miR-105, miR-106a and miR-130a. (B) miR-130a mimics or miR-130a inhibitor was transfected into
HeLa and CaSki cells to achieve miR-130a overexpression or miR-130a inhibition, as verified using real-time PCR assays. (C)-(F) The cell viability of miR-130a mimics-trans-
fected HeLa and CaSki cell upon 2 mg/ml DDP treatment and miR-130a inhibitor-transfected HeLa/DDP and CaSki/DDP cell upon 8 mg/ml DDP treatment was determined
using MTT assays. (F)-(G) The DNA synthesis capability of miR-130a mimics-transfected HeLa and CaSki cell upon 2 mg/ml DDP treatment and miR-130a inhibitor-
transfected HeLa/DDP and CaSki/DDP cell upon 8 mg/ml DDP treatment was determined using BrdU assays. The data are presented as mean § SD of three independent
experiments. �P<0.05, ��P<0.01.
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levels. Results from Western blot assays showed that SOX9
knockdown significantly increased PTEN and CTR1 protein
levels, whereas miR-130a overexpression reduced PTEN and
CTR1 protein levels; the promotive effect of SOX9 knockdown
on PTEN and CTR1 proteins could be partially reversed by
miR-130a overexpression (Fig. 5C). These data indicated that
SOX9 acts on cervical cancer cell chemoresistance through
miR-130a/PTEN/CTR1.

Expression of miR-130a, SOX9 and CTR1 in tumor tissues
and their correlation

To further confirm the effect and mechanism of SOX9/miR-
130a/CTR1 on cervical cancer chemoresistance, we evaluated

the expression levels of miR-130a, SOX9 and CTR1 in DDP-
sensitive and DDP-resistant cervical cancer tissues. Results
from real-time PCR assays revealed that SOX9 and miR-130a
expression was significantly upregulated in DDP-resistant tis-
sues, compared to DDP-sensitive tissues; on the contrary,
CTR1 expression was downregulated in DDP-resistant tissues,
compared to DDP-sensitive tissues (Fig. 6A–C). In DDP-resis-
tant tissues, SOX9 expression was positively correlated with
miR-130a expression, CTR1 was inversely correlated with
SOX9 and miR-130a expression, respectively (Fig. 6D-F). These
data indicated that inhibiting SOX9 and miR-130a expression
thus to rescue CTR1 expression in DDP-resistant cervical can-
cer cells present a promising strategy for dealing with cervical
cancer chemoresistance.

Figure 3. MiR-130a direct binding to the 30UTR of SCL31A1 (A) HeLa and CaSki cells were transfected with miR-130a mimics or miR-130a inhibitor; the CTR1 protein lev-
els in the indicated cells were determined using Western blot assays. (B) A wild-type and mutated SLC31A1 30UTR luciferase reporter gene vector (wt-SLC31A1 30UTR and
mut-SLC31A1 30UTR containing a 7 bp mutation in two predicted binding sites of miR-130a) was constructed. (C) The indicated vectors were co-transfected with miR-
130a mimics or miR-130a inhibitor into HEK293 cells; the luciferase activity was then determined using dual luciferase assays. (D)-(E) Association of miR-130a and SOX9
with AGO2. HeLa cellular lysates were used for RNA immunoprecipitation with AGO2 antibody. Detection of AGO2 and IgG using Western blot (up), and detection of miR-
130a or SOX9 using qRT-PCR (low). All data of SOX9 expression were normalized to b-actin mRNA expression levels. MiR-130a expression data was normalized to U6 small
RNA expression. The data are presented as mean § SD of three independent experiments. �P<0.05, ��P<0.01.
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Discussion

DDP-based chemotherapy is the most commonly used treat-
ment for cervical cancer; however, due to the acquisition of
chemoresistance of cervical cancer cells to DDP, the efficacy is
very limited [20–22]. Although a number of mechanisms, such
as reduction in the intracellular accumulation of the platinum
compounds, increase in DNA damage repair, inactivation of
apoptosis and so on are associated with the pathogenesis of cer-
vical cancer and the chemoresistance of cervical cancer cells
[21], the molecular biology of chemoresistance of cervical can-
cer cells to DDP needs further investigation.

Up to now, the complex molecular mechanism by which cis-
platin enters cells remains poorly understood. Cisplatin is gen-
erally believed to pass the cell membrane via passive diffusion,
and the diffusion rate is associated with cisplatin lipophilicity

[23,24]. Recently, CTR1, which is a transmembrane protein
and involved in the maintenance of copper homeostasis, has
been recognized to regulate the influx of cisplatin and its ana-
logs into the cells. CTR1 is downregulated in various CPR cell
lines including HeLa cisplatin-resistant cells [25]. Du et al.
found that the C-terminus of CTR1 protein was required for
cisplatin uptake in HeLa cells; HeLa cells overexpressing CTR1
show 2.2-fold increase in cisplatin accumulation compared
with the mock-transfected cells [26]. In a mouse model of cer-
vical cancer, Ishida et al demonstrated that the level of DNA-
cisplatin adducts correlated with CTR1 mRNA level in various
organs, suggesting that CTR1 may regulate cisplatin uptake in
vivo [27]. In the present study, we evaluated the detailed role of
CTR1 in cervical cancer cell chemoresistance to DDP. Consis-
tent with previous studies, CTR1 knockdown significantly
increased the resistance of DDP-sensitive HeLa and CaSki cells

Figure 4. SOX9 direct binding to the promoter of miR-130a to regulate its expression (A) si-SOX9 or SOX9 vector was transfected into HeLa and CaSki cells to achieve
SOX9 expression, as verified using Western blot assays. (B) miR-130a expression in the indicated cells was determined using real-time PCR assays. (C) A schematic diagram
of potential SOX9 binding element (two possible binding sites) in the promoter region of miR-130a predicted by Jaspar database. A wt-miR-130a promoter luciferase
reporter vector and a mut-miR-130a promoter luciferase reporter vector were constructed. (D) The indicated vectors were co-transfected into HEK293 cells with SOX9 vec-
tor; the luciferase activity was determined. (E) The real-time ChIP assay showed that the level of SOX9 antibody binding to miR-130a promoter was much greater than that
of IgG. The data are presented as mean § SD of three independent experiments. �P<0.05, ��P<0.01.
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to DDP, whereas CTR1 overexpression reduced the resistance
of DDP-resistant HeLa/DDP and CaSki/DDP cells to DDP.

In addition to CTR1, miRNAs have been found to regulate
multiple pathways that are involved in the cellular response to
cisplatin [28]. The effects of miRNAs on the development of
cisplatin resistance in cervical cancer have been investigated.
Pouliot et al found that the miR-181 family members were
overexpressed in cisplatin-resistant cells KB-CP5 and KB-CP20
compared with the parental KB-3-1 cells, and silencing the pro-
teins that are essential for miRNA synthesis, such as DICER
and TRBP2, reversed cisplatin resistance in the cells [29]. Chen
et al found that in cervical squamous cell carcinoma, upregula-
tion of miR-181 appeared to correlate with cisplatin resistance
significantly and miR-181a inhibited apoptosis and enhanced
cisplatin resistance by targeting protein kinase C-d (PRKCD)
[30]. In the present study, we used online tools to screen for the
candidate miRNAs potentially regulate CTR1 by targeting,

among which miR-130a has been reported to promote cervical
cancer cell proliferation through targeting PTEN in our previ-
ous study [14]. Here, we observed that miR-130a overexpres-
sion reduced the DDP-sensitivity of DDP-sensitive HeLa and
CaSki cells; on the contrary, miR-130a inhibition even aggra-
vated the DDP-resistance of DDP-resistant HeLa/DDP and
CaSki/DDP cells. Further, we confirmed that miR-130a directly
bound to the 30UTR of SLC31A1, which encoded CTR1, to
inhibit the protein level of CTR1. These all indicated that miR-
130a might act on DDP-resistance of cervical cancer cell
through the regulation of CTR1.

It has been previously shown that SOX9, a transcription fac-
tor that may act as both oncogene and tumor suppressor
depending on tumor origin, plays a key role in the regulation of
cellular proliferation, senescence, and self-renewal [31–33]. In
addition, SOX2-SOX9 has been reported to mediate glioma
stem cell activity and temozolomide resistance [15. Here, we

Figure 5. SOX9 regulated the chemoresistance of cervical cancer through miR-130a/CTR1/PTEN (A) and (B) HeLa/DDP and CaSki/DDP cells were co-transfected with si-
SOX9 and miR-130a mimics, and were treated with a series of doses of DDP (1, 2, 4, 8, 16, 32, 64 mg/ml), and the cell viability of the indicated cells was determined using
MTT assays. Data was displayed as a percentage normalized to the viability of cells with no DDP treatment. The abscissa was the logarithm of DDP concentration (log-
conc.). LC50 represented the concentration of DDP when cell viability was reduced to 50%. (C) HeLa/DDP and CaSki/DDP cells were co-transfected with si-SOX9 and miR-
130a mimics; the protein levels of PTEN and CTR1 in the indicated cells were determined using Western blot assays.
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observed a positive regulation of miR-130a by SOX9, which
inspired us to investigate the interaction between SOX9 and
miR-130a, as well as the detailed role of SOX9 in cervical cancer
cell chemoresistance. Through binding to the promoter region
of miR-130a, SOX9 activated the expression of miR-130a; fur-
ther, we also revealed that SOX9 knockdown obviously
increased the DDP-sensitivity of DDP-resistant HeLa/DDP
and CaSki/DDP cells, whereas miR-130a overexpression par-
tially reversed the effect of SOX9 knockdown on cervical cancer
cell chemoresistance. Co-processing si-SOX9 and miR-130a
mimics also regulated PTEN and CTR1 protein levels, which
further confirmed that SOX9 binds to the promoter region of
miR-130a to activate its expression, thus inhibits the down-
stream genes of miR-130a, PTEN and CTR1, and finally pro-
motes the chemoresistance of cervical cancer cells to DDP.

To validate our findings, we evaluated the expression levels of
SOX9, miR-130a and CTR1 in DDP-sensitive and DDP-resistant
tissues. In DDP-resistant tissues, SOX9 and miR-130a expression
was significantly upregulated, whereas CTR1 expression was
downregulated. In DDP-resistant tissues, SOX9 expression was
positively correlated with miR-130a expression, CTR1 was
inversely correlated with SOX9 and miR-130a expression,

respectively, which further indicated that inhibiting SOX9 and
miR-130a expression thus to rescue CTR1 expression in DDP-
resistant cervical cancer cells present a promising strategy for
dealing with cervical cancer chemoresistance.

Taken together, we revealed that SOX9/miR-130a/CTR1
axis regulated the chemoresistance of cervical cancer cell to
DDP, and provided novel targets for dealing with the chemore-
sistance of cervical cancer.

Materials and methods

Tissue samples, cell lines and cell transfection

With the approval of the Ethic Committee of the Second Xian-
gya Hospital, Central South University, we collected 78 cases of
cervical cancer tissues. All samples were obtained from patients
who underwent surgical resection after combined radiotherapy
and DDP-based chemotherapy at the Second Xiangya Hospital,
Central South University (Changsha, China). All the tissue
samples were snap-frozen and stored at ¡80�C in liquid nitro-
gen. After 2 cycles of DDP-based chemotherapy and radiother-
apy [34-36], patients with no significant clinical efficacy (NC)

Figure 6. Expression of miR-130a, SOX9 and CTR1 in tumor tissues and their correlation (A)-(C) Expression levels of miR-130a, SOX9 and CTR1 in cisplatin resistant and
cisplatin sensitive tissues (defined as described in Materials and methods section) were determined using real-time PCR assays. (E)-(F) The correlation between SOX9 and
miR-130a, miR-130a and CTR1, SOX9 and CTR1 in cisplatin resistant tissues was analyzed using Spearman’s rank correlation analysis. (G) A sketch map showing the mech-
anism by which SOX9 binds to the promoter region of miR-130a to activate its expression, thus to inhibit CTR1 expression, and finally promote the DDP drug resistance
of cervical cancer cell.
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or with progression disease (PD) were defined as cisplatin resis-
tant (n D 36); the rest patients were defined as cisplatin sensi-
tive (n D 42). All patients signed an informed consent
approved by the institutional Review Board.

Human cervical cancer cell lines: HeLa and CaSki were
obtained from the American Type Culture Collection (ATCC,
USA). DDP-resistant cervical cancer cell lines: HeLa/DDP and
CaSki/DDP, were purchased from Yrbio co., LTD, China, cul-
tured in 10% fetal bovine serum (Gibco, USA) supplemented
RPMI-1640 medium (Invitrogen, USA) at 37�C with 5% v/v
CO2.

Si-CTR1 or CTR1 vector was used to achieve knockdown of
CTR1 or CTR1 overexpression (GeneCopoecia, China). MiR-
130a mimics or miR-130a inhibitor (Genepharma, China) was
transfected into the indicated target cells to achieve miR-130a
overexpression or miR-130a inhibition by using Lipofectamine
2000 (Invitrogen). Si-SOX9 was used to achieve knockdown of
SOX9 (GeneCopoecia, China).

Real-time PCR

Trizol reagent (Invitrogen) was used for total RNA extraction
following the manufacturer’s instructions. By using miRNA-
specific primer, total RNA was reverse transcribed and the miS-
cript Reverse Transcription kit (Qiagen, Germany) was used for
miR-130a qRT-PCR. The SYBR green PCR Master Mix
(Qiagen) was used following the manufacturer’s instructions.
The Ct method was used to evaluate the relative expression and
normalized to U6 expression.

Western blotting

RIPA buffer (Cell-Signaling Tech., US) was used to homogenize
the cells. The expression of CTR1, SOX9 and PTEN in cervical
cancer cells was detected by performing immunoblotting. Cells
were lysed cultured, or transfected in 1% PMSF supplemented
RIPA buffer. Proteins were loaded onto SDS-PAGE minigel,
and then transferred onto PVDF membrane. The blots were
probed with the following antibodies at 4�C overnight: anti-
CTR1 (Cat# EPR7936, Abcam, USA), anti-PTEN (Cat# Y184,
Abcam) and anti-SOX9 (Cat# EPR14335-78, Abcam), and
incubated with HRP-conjugated secondary antibody (1:5000).
Signals were visualized using ECL Substrates (Millipore, USA).
The protein expression was normalized to endogenous
GAPDH.

Luciferase activity

HEK293 cells (ATCC) were cultured overnight after being
seeded into a 24-well plate. A wild-type and mutated SLC31A1
30UTR (wt-SLC31A1 30UTR and mut-SLC31A1 30UTR contain-
ing a 7 bp mutation in two predicted binding sites of miR-130a)
or miR-130a promoter (wt-130a and mut-130a containing a
7 bp mutation in two predicted sites of the SOX9 responsive
element, SOX9RE) luciferase reporter gene vector was con-
structed. After cultured overnight, cells were co-transfected
with the indicated vectors and miR-130a mimics and miR-130a
inhibitor, respectively. Luciferase assays were performed 48 h

after transfection using the Dual Luciferase Reporter Assay Sys-
tem (Promega, WI, USA).

MTT assay

24 h after seeding into 96-well plates (5000 cells per well), cells
were transfected with si-CTR1, CTR1 vector, miR-130a mimics
or miR-130a inhibitor. Medium with DDP (0, 1, 2, 4, 6, 8, 16,
32, 64 mg/ml) was applied at 24 h post-transfection. 48 h after
transfection, 20 ml MTT (at a concentration of 5 mg/ml;
Sigma-Aldrich) was added, and the cells were incubated for an
additional 4 h in a humidified incubator. 200 ml DMSO was
added after the supernatant discarded to dissolve the formazan.
OD490 nm value was measured. The viability of the non-treated
cells (control) was defined as 100%, and the viability of cells
from all other groups was calculated separately from that of the
control group.

BrdU incorporation assay

By measuring 5-Bromo-2-deoxyUridine (BrdU) incorporation,
the DNA synthesis in proliferating cells was determined. BrdU
assays were conducted at 24 h and 48 h after cervical cancer
cells were transfected as indicated. Cells were seeded in 96-well
culture plates at a density of 2 £ 103 cells/well, cultured for
24 h or 48 h, then incubated with a final concentration of
10 mM BrdU (BD Pharmingen, San Diego, CA, USA) for 2 h.
When the incubation period ended, the medium was removed,
the cells were fixed for 30 min at RT, incubated with peroxi-
dase-coupled anti-BrdU-antibody (Sigma-Aldrich) for 60 min
at RT, washed three times with PBS, incubated with peroxidase
substrate (tetramethylbenzidine) for 30 min, and the 450 nm
absorbance values were measured for each well. Background
BrdU immunofluorescence was determined in cells not exposed
to BrdU but stained with the BrdU antibody.

RNA immunoprecipitation

RNA immunoprecipitation assays were performed by using the
Imprint RNA Immunoprecipitation Kit (Sigma, St. Louis,
USA) along with the AGO2 antibody (Cell signaling, Rockford,
USA). The AGO2 antibody was then recovered by protein A/G
beads. CTR1 and miR-130a RNA levels in the immunoprecipi-
tates were measured by qRT-PCR.

Chromatin immunoprecipitation (ChIP)

Briefly, the treated cells were cross-linked with 1% formalde-
hyde, sheared to an average size of 400 bp DNA, and immuno-
precipitated using antibodies against SOX9 (anti-SOX9,
CL0639, monoclonal, Sigma-Aldrich). A positive control anti-
body (RNA polymerase II) and a negative control non-immune
IgG were used to demonstrate the efficacy of the kit reagents
(Epigentek Group Inc., NY, USA, P-2025-48). The immuno-
precipitated DNA was subsequently cleaned, released, and
eluted. The eluted DNA was used for downstream applications,
such as ChIP-PCR. The fold-enrichment (FE) was calculated as
the ratio of the amplification efficiency of the ChIP sample to
that of the non-immune IgG. The amplification efficiency of
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RNA Polymerase II was used as a positive control. FE% D 2
(IgG CT-Sample CT) £ 100%.

Statistical analysis

Data from three independent experiments were presented as
mean § SD, processed using SPSS 17.0 statistical software
(SPSS, USA). Paired Student’s t-test was used to compare the
expression of miR-130a and CASC2 in cervical cancer tissues
and normal tissues. P values of <0.05 were considered statisti-
cally significant.
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