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Down-Regulation of microRNA-9 Leads to Activation of
IL-6/Jak/STAT3 Pathway Through Directly Targeting IL-6
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MicroRNA-9 (miR-9) presents to exert distinct and even opposite functions in different kinds of tumors through
targeting different cellular genes. However, its role in cervical adenocarcinoma remains uncertain. Here, we report that
miR-9 is down-regulated in cervical adenocarcinoma due to its frequent promoter-hypermethylation and exerts its tumor
suppressor role through inhibiting several novel target genes, including interleukin-6 (IL-6). The promoters of miR-9
precursors (mir-9-1, -2, and -3) were hypermethylated in cervical adenocarcinoma tissues. Demethylation treatment of
HeLa dramatically increased the expression of mature miR-9. Both in vitro and in vivo functional experiments confirmed
that miR-9 can inhibit the proliferation, migration, and malignant transformation abilities of HeLa cells. Bioinformatics
methods and array-based RNA expression profiles were used to screen the downstream target genes of miR-9. Dual-
luciferase reporting assay, real-time qPCR, and ELISA or Western blot confirmed four genes (CKAP2,HSPC159, IL-6, and
TC10) to be novel direct target genes of miR-9. Pathway annotation analysis of the differently expressed genes (DEGs)
induced by ectopic miR-9 expression revealed the enrichment in Jak/STAT3 pathway, which is one of the downstream
pathways of IL-6. Ectopic expression of miR-9 in HeLa inhibited Jak/STAT3 signaling activity. Moreover, such effect could
be partially reversed by the addition of exogenous IL-6. In conclusion, our results here present a tumor suppressor potential
of miR-9 in cervical adenocarcinoma for the first time and suggest that miR-9 could repress tumorigenesis through
inhibiting the activity of IL-6/Jak/STAT3 pathway. © 2015 The Authors. Molecular Carcinogenesis, published by Wiley Periodicals, Inc.
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INTRODUCTION

Cervical cancer is one of the most common
malignancies and a leading cause of cancer death in
women worldwide [1]. Histologically, cervical cancer
can be divided into different subtypes, including
cervical squamous cell carcinomas (CSCCs; about
80% of cases) and cervical adenocarcinomas (CAs;
about 5–20% of cases) [2]. Although infection of the
high-risk types of human papillomavirus (HPVs) has
been considered as the predominant cause of cervical
cancers, the accumulation of genetic and epigenetic
alterations of host cellular genes also play a crucial
role in the cervical malignant transformations [3].

MicroRNAs (miRNAs) are short (20–24nt)
non-coding RNAs which play a major role in post-
transcriptional regulation of target gene expres-
sion [4]. Aberrant status of miRNAs may significantly
contribute to cancer development [4–6], including
cervical cancer [7–9]. MiR-9 is a highly conserved
miRNA found in insects and primates [10]. In the
human genome, there are three independent miR-9

precursors, mir-9-1, mir-9-2, and mir-9-3 encode the
same mature miR-9. Dysregulation of miR-9 expres-
sion has profound effects on cancer development.
However, miR-9 seems to exert opposite functions in
different tissues or under different cancer contexts by
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targeting different genes. MiR-9 is overexpressed in
brain tumors [11,12], and induced cell metastasis in
breast cancer and colorectal cancer via promoting cell
motility by targeting E-cadherin [13,14], which
indicated an oncogenic potential of miR-9. Contra-
rily, miR-9 is capable to inhibit cell growth and
metastasis in gastric cancer, ovarian cancer, and
malignant melanoma by targeting NF-kappaB1
[15–17], which revealed its tumor suppressor role.
Even in the same type of cancer, such as breast cancer,
miR-9 could exert anti-proliferation function by
targeting MTHFD2 and pro-metastasizing function
by targeting E-cadherin [13,18]. Therefore, the func-
tion of miR-9 is largely depending on its downstream
target genes. In addition, promoter hypermethylation
is the main cause of the dysfunction of miR-9 in
various cancers [19–21]. So far, several recent studies
carried out in CSCC reported an oncogenic role of
miR-9 [22,23]. However, little is known about the
status and function of miR-9 in the process of CAs.
In this study, in order to clarify the exact status

and function of miR-9, and to identify the multiple
functional target genes of miR-9 account for the
progression of CAs, we explored the promoter
methylation status of miR-9 in both CAs cell line
(HeLa) and primary tumor tissues. The cancer related
functions ofmiR-9 and several novel target geneswere
identified by using HeLa cell. Our results indicated
that in CAs, miR-9 functions as a tumor suppressor
partially through inhibiting the activity of IL-6/Jak/
STAT3 pathway.

MATERIALS AND METHODS

Patients' Specimens and Cell Lines

Twelve cases of primary CAs tissue specimens and 20
cases of primary CSCC tissue specimens were obtained
from patients undergoing surgical resection. The
samples were histologically confirmed and paraffin
embeddeduntiluse.Another eightcasesofprimaryCAs
tissue specimensand15casesof cervicalnormalcontrol
were histologically confirmed and stored in liquid
nitrogen. All the specimens were obtained between
2011 and 2014 in Peking University People’s Hospital.
All the patients enrolled were Han Chinese with HPV
infection. This study was approved by the Ethics
CommitteeofPekingUniversityHealthScienceCenter.
An informed consent was obtained from each subject.
HeLa cellwas purchased fromATCC (American type

culture collection) and maintained in DMEM supple-
mented with 10% fetal bovine serum (GIBCO,
Carlsbad, CA). This cell line has been tested and
authenticated by DNA (STR) profiling (see supple-
mentary Table 1 for detailed information).

Methylation-Specific DNA Enzymes Digestion and
Methylated DNA Quantification

The quantificational methylated DNA analysis was
performed as previously described [24]. The primers

used for real-time qPCR were listed in supplementary
Table 2.Methylation intensity (MI) was defined as the
percentage of methylated target DNA sequences
among all target DNA sequences. MI�10% was
considered to be the criteria of hypermethylation.

Real-Time Quantitative PCR and Taqman MicroRNA Assay

Real-time quantitative PCR was performed as previ-
ously described [25]. The primers used for real-time PCR
were showninSupplementaryTable3.Eachexperiment
wasdone in triplicateandCTBPwasusedas control.The
expression of mature miRNAs was detected using the
Taqman MicroRNA Assays specific for hsa-miR-9, U6
shRNA were used as control following the manufac-
turer’s protocol (Applied Biosystems, Foster City, CA).

5-aza-20-Deoxycytidine Treatment in Cell Lines

HeLa cells were seeded into the six-well plate at a
concentration of 2�2.5�105cells per well. After 24h,
cells were treated with DMSO (control group) or
2mmol/L 5-Aza-20-deoxycytidine (experimental
group) every 24h and last for 3d.

Construction of Plasmid Recombinants

To construct the miR-9 expression vector, human
mir-9-1 gene and its 50- and 30- flanking region (120bp
and 150bp, respectively) was amplified and cloned
into pRNA-U6.1/Neo-siFluc to create the U6 driven
mir-9-1, namely U6-mir-9-1. To construct pGL3-Luc-
30UTR-WT plasmid, wide-type 30UTR segments of
predicted target genes containing the putative miR-9
binding site was amplified and cloned into down-
stream of the luciferase reporter gene in pGL3 vector.
To construct pGL3-Pim-1-Luc plasmid, Pim-1 pro-
moter was amplified and cloned into upstream of the
luciferase reporter gene in pGL3 vector. Primers used
were listed in supplementary Table 4. pGL3-APRE-Luc
plasmid was constructed as described before [26].

Generation of Stable Cell Line Overexpressing miR-9

Stable cell line was generated by transfection with
U6-mir-9-1 plasmids into HeLa cell using lipofect-
amine 2000 reagent (Invitrogen, Carlsbad, CA)
according to the manufacturer’s protocol, and U6-
siFluc was used as a mock control. G418 (600ug/mL,
Calbiochem, Darmstadt, Hesse-Darmstadt, Germany)
was added to select the transfected clones 48h after
transfection. Taqman PCR was performed to confirm
the overexpression of miR-9.

Cell Proliferation Assay

Cell proliferation was monitored using MTT meth-
od as described before [25]. IL-6 (PeproTech, NJ) was
added to the culture supernatant every 24h at a final
concentration of 25ng/mL.

Wound Healing Assay

Stably transfected HeLa cells were cultured in six-
well plates until confluent. The cell layers were
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carefully wounded using a sterile 10mL tip, washed
twice with fresh medium, and cultured for 24–48h.
Images of the wound monolayers were acquired on a
phase contrast microscope linked to a charge
coupled device camera, and the wound area was
measured using CT-AS software (Nikon, Tokyo,
Japan).

Anchorage- Independent Colony-Formation Assay in Soft
Agar

Colony-formation assay was performed using a soft
agar kit (GENMED SCIENTIFICS, INC., Shanghai,
China) following the company’s instructions.

Tumorigenicity Assays in Nude Mice

For each 5-wk-old nude mouse, 1�107 HeLamiR-9

andHeLacontrol cells were suspended in 150ul PBS and
then injected subcutaneously into the two different
sides of its posterior flanks. Tumor formation in nude
mice was monitored over a 3-wk period. The tumor
volume was calculated by the formula V¼0.5�L�
W2 (in millimeters). Where, L is the length of the
tumor; W is the width of the tumor.

Array-Based RNA Expression Profiles

The RNA expression profiles of HeLa cells stably
expressing miR-9 and the control cells was performed
using Human U133 Plus2.0 (Affymetrix, Santa Clara,
CA). Subsequent data analysis was carried out using
Gene Spring Software 11.0 (Agilent technologies,
Santa Clara, CA). Genes with more than twofold
change were considered to be differently expressed.

Online Prediction of Target Genes

Four bioinformatic softwares were used to predict
potential target genes of miR-9. They are TargetScan
(http://www.targetscan.org/vert_60/), PicTar (http://
pictar.mdc-berlin.de/), miRanda (http://www.micro-
rna.org/), and miBridge.

Luciferase Reporter Assay

Cells were planted in a 12-well plate, and the cells
were co-transfectedwith 1 500ng of eitherU6-mir-9-1
or U6 empty plasmid, and 50ng of either pGL3-30-
UTR-WT or pGL3-30-UTR-control plasmid 24h after
seeding, 25ng of pRL-TK was also transfected simul-
taneously as an endogenous control. Luciferase
activity in each well was quantified 24h after
transfection using dual luciferase reporter kit (Prom-
ega, Madison, WI), following the manufacturer’s
protocol.

Western Blotting

Western blot was conducted as described be-
fore [25]. The primary antibodies anti-STAT3, anti-
p-STAT3 (1/1000, CST, Boston, MA), and anti-CKAP2,
anti-HSPC159, anti-TC10 (1/200, Santa Cruz, Santa
Cruz, CA), as well as anti-a-tubulin (1/2000, MBL,
Aichi, Japan) and the secondary antibodies conjugat-

ed with Cy5.5 (1/8000, Amersham Pharmacia Bio-
tech, Buckinghamshire, UK) were used. Band signals
were visualized by Odyssey Imager (LI-COR Bioscien-
ces, Lincoln, NE).

ELISA Assay

For the quantitative detection of human interleukin
6 (IL-6) concentrations in cell culture supernates,
Human IL-6 Quantikine ELISA Kit (R&D Systems,
Minneapolis, MN) was used according to the manu-
facturer’s introductions. Cells were seeded in six-well
plate and cultured for 48h, 200ul culture supernates
were used for detection.

Statistical Analysis

For statistical analyses, the differences between
groups were analyzed by 2-tailed Student t-test using
SAS 9.0. In all cases, a P-value of less than 0.05 was
considered significant.

RESULTS

The Hypermethylation of miR-9 Precursor Genes
Suppresses the Expression of miR-9 in HeLa Cell and CA
Tissues

The aberrant expression of miR-9 in tumors was
usually caused by the hypermethylation of the
miR-9 precursor genes [19–21]. Therefore, we first
examined the methylation status of the promoters
of all three miR-9 genes (mir-9-1, 2, and 3) in HeLa
cells. Mir-9-2 and mir-9-3 were free from hyper-
methylation (methylation intensity, MI<10%; data
not shown), while mir-9-1 was highly methylated
(MI¼86.7%). Then the promoter methylation status
of the three miR-9 precursor genes were examined in
20 CA tumor tissues and 15 normal control tissues.
As expected, the frequencies of promoter-hyper-
methylation of mir-9-1, -2, and -3 in tumor tissues
were 35%, 44.4%, and 20%, respectively. As a result,
65% (13/20) of the tumor tissues were hypermethy-
lated for at least one miR-9 precursor genes. In
contrast, a sorely mir-9-2 hypermethylation were
found only in 1 of 15 (6.67%) normal tissues
(Supplementary Table 5). Additionally, the MI of
mir-9-1,-2, and -3 in tumor tissues was also
significantly higher than that in normal control
tissues (P¼0.003, 0.022, and 0.006, respectively;
Figure 1a–c). Concordantly, Taqman analysis of
eight CA tissues and 15 normal control tissues
showed significantly lower expression of miR-9 in
tumor tissues than those in normal tissues
(P¼0.0102; Figure 1d). Furthermore, the expression
of miR-9 in HeLa could be restored upon 50-Aza-dC
treatment (Figure 1e), confirming the expression
silencing of miR-9 in this cell line was mediated by
its promoter-hypermethylation. The above results
indicated that miR-9 was hypermethylated and
down-regulated in both HeLa cell and primary
tumor tissues.
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Restoring miR-9 expression inhibited HeLa cells
proliferation, migration and colony formation in vitro, and
reduced the tumorigenic potential in vivo.

To explore the function of miR-9 in CAs, HeLa was
transfected with U6-mir-9-1 precursor to construct
the miR-9 stably expressed cell line and its empty
vector-transfected counterparts (named HeLamiR-9

and HeLacontrol).
MTT assay revealed that the growth ability of

HeLamiR-9 was significantly reduced compared to
HeLacontrol (Figure 2a). Wound-healing assay showed
that, compared to control cells, HeLamiR-9 cells spread
along the scratched edge much slower (Figure 2b).
Next, soft agar colony assay revealed that the counts
of colonies formed by HeLamiR-9 were much less than
those of HeLacontrol cells (Figure 2c(i) and c(ii)).
Moreover, the results of xerograft tumor formation
assay in nude mice using HeLamiR-9 and HeLacontrol

showed significant differences in the average tumors
sizes and tumorweights at the end of observation (day

21 after injection; tumor size: 2480�907 mm3 vs.
1219�888mm3; P¼0.0019; tumor weight:
0.58�0.17 g vs. 0.35�0.22 g; P¼0.022; Figure 2d-
d(i)–(iii)). The results described above suggested that
ectopic miR-9 expression could inhibit HeLa cell
proliferation, migration and reduce its malignant
transformation capacity in vitro, as well as suppress
its tumorigenic potential in vivo. All these pointed
out a tumor suppressor role of miR-9 in CAs.

Ectopic Expression of miR-9 Dramatically Changed the
Expression Profiles of Cancer Related Genes in HeLa Cell

To determine the underlying mechanisms regard-
ing to the tumor suppressing activity of miR-9 in CAs,
the change of gene expressing profile between
HeLamiR-9 and HeLacontrol were analyzed via mRNA
microarray. A total of 1068 differently expressed
genes (DEGs; Fold change �2) were identified,
including 364 up-regulated genes and 704 down
regulated genes (Supplementary Table 6). GO

Figure 1. miR-9 is silenced by the hypermethylation of miR-9 precursor genes in CAs cell line and tissues. (a–c)
Methylation intensities of miR-9 precursor genes in CA tissues and normal control tissues. (d) Relative expression of
mature miR-9 in CA tissues and normal control tissues. (e) Relative expression levels of mature miR-9 in HeLa cell
treated with 5-aza-dC compared to untreated controls (mean� s.d.; n¼ 3).

MiR-9 SUPPRESS IL-6/Jak/STAT3 PATHWAY IN HeLa 735

Molecular Carcinogenesis



functional annotation analysis of these 1068 DEGs
showed they were dramatically enriched in terms
directly or indirectly related to carcinogenesis, in-
cluding cell motion, cell differentiation, negative
regulation of cell adhesion, regulation of angiogene-
sis, and so on (Figure 3a). Consistently, KEGG
pathway analysis revealedDEGsweremostly enriched

in cancer related pathways including non-small cell
lung cancer, focal adhesion, ErbB signaling pathway
as well as Jak/STAT signaling pathway (Figure 3b).
Since the proinflammatory Jak/STAT signaling path-
way was frequently activated in HPV related cervical
cancer, this result implicated the crucial role of miR-9
in CAs.

Figure 2. Ectopic expression of miR-9 can suppress HeLa cells’ tumorigenic properties. (a) MTT assay of HeLamiR-9

and HeLacontrol. **P< 0.001, ***P< 0.0001 (Student's t-test at each time point). (b) Wound-healing assay of
HeLamiR-9 and HeLacontrol. The scratch area at 0 h was arbitrarily assigned as 1.0. (c(i) and c(ii)) Soft agar assay for
colony formation of HeLamiR-9 and HeLacontrol. The statistical results are present in c(ii) (mean� s.d.; n¼ 3). (d(i)–(iii))
The tumor xenograft experiment in nude mice. d(i) the images of tumors formatted in the assay. d(ii) presents the
volumes of tumors in the two groups. d(iii) presents theweight of the tumors in the two groups (mean� s.d.; n¼ 6).
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Screening and Verification of the Target Genes of miR-9 in
HeLa Cell

To identify the functional target gene(s) of miR-9 in
CAs, NF-kappB1 and E-cadherin, two ever reported
target genes were firstly examined [13,15–17]. Unex-
pectedly, these two genes were not affected by ectopic
miR-9 expression (date not shown). To identify the
newcrucial target genes ofmiR-9 relevant toCAs, 2414
in silico predicted target genes were compared
against 704 significantly down-regulated genes
found in the mRNA expression profiles of HeLamiR-9

(HeLa control was used as control); the function

of the candidate genes was also taken into consider-
ation during the selection. Eventually, overall
21 potential target genes were selected from the
110 overlapped genes (Supplementary Table 7) for
further confirmation.

Firstly, pGL3-Luc-30UTR-wt plasmids of the 21
candidate genes and pGL3-Luc-control plasmid con-
taining a 200bp fragment without miR-9 potential
binding sequence were constructed using dual-lucif-
erase assays. As shown in Figure 4a, when co-trans-
fected with the U6-mir-9-1 precursor, 12 of the 21
genes’ 30-UTR constructs (ANXA2, IL-6, CKAP2,
AP3B1, HSPC159, TC10, FAM13C, SRGAP3, EPHA7,

Figure 3. Functional annotation analysis of the differently expressed genes (DEGs) induced by ectopic expression
of miR-9 in HeLa cells. (a) GO functional annotation analysis of 1068 DEGs. (b) KEGG pathway analysis of 1068
DEGs. The red dash line indicates a significant level of P¼ 0.05. The vertical numbers on the right means the counts
of DEGs annotated in the certain GO terms or KEGG pathways.
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Figure 4. miR-9 target genes verification in HeLa cells. (a) The results of luciferase activity detection. “miR-9þ 30UTR” and “controlþ30UTR”
means HeLa cells co-transfected with pGL3-Luc-30-UTR-WT and U6-mir-9-1 or U6-control vector (see “materials and methods” for details). The
data represent the mean� s.d. of three independent experiments done in nine repeats. (b) Relative mRNA expression level of potential target
genes, CTBP was used as internal control gene (mean� s.d.; n¼ 3). (C(i)) ELISA analysis of IL-6 in the cultural supernatants of HeLamiR-9 and
HeLacontrol (mean� s.d. n¼ 3) (c(ii)) Western blot analysis of three target genes. (d(i)) shows the miR-9 seed sequences of IL-6 and the mutational
strategy. (d(ii)) shows the relative luciferase activity of report vectors containingwild type IL-6 30UTR (IL-6 30UTRwt) and themutant one (IL-6 30UTR
mut). The data represent the mean� s.d. of three independent experiments done in nine repeats.
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AEBP2, PIK3R3, and SNX25) presented reduced firefly
luciferase activities (with inhibition ratio >20%).
Real-time qPCR results showed that the mRNA
expression levels of eight out of the 12 genes
(including IL-6, CKAP2, TC10, FAM13C, SRGAP3,
EPHA7, PIK3R3, and SNX25) were dramatically
reduced after the ectopic expression of miR-9
(Figure 4b). The suppressive effects of miR-9 on three
of these eight genes were further confirmed by either
ELISA (IL-6) or Western blot (CKAP2 and TC10)
(Figure 4c(i) and c(ii)). ForHSPC159, although ectopic
miR-9 overexpression caused no change at its mRNA
level, the decrease at the protein level ascertained it as
a target gene of miR-9 in HeLa cell (Figure 4c(ii)).
To further confirm IL-6 as a target gene, wemutated

its potential binding sequence in 30UTR (Figure 4d(i)).
The results showed that miR-9 could significantly
suppress the luciferase activity of the report construct
containing a wild-type IL-6 30-UTR, but not of the
mutant one in HeLa cells (Fig 4d(ii)).

The Ectopic Expression of miR-9 Suppresses the Activity of
IL-6/Jak/STAT3 Pathway By Targeting IL-6

KEGG pathway annotation analysis of the DEGs
revealed they were significantly enriched in Jak/STAT

signaling pathway (Figure 3b). Therefore, one of our
main concerns is whether miR-9 could block the
activation of Jak/STAT pathway by targeting IL-6. To
test for the conflict effect of IL-6 and miR-9, we add
recombinant human IL-6 (rhIL-6) to the cultural
supernatants of HeLamiR-9 and HeLacontrol cells. The
results of MTT assays showed that rhIL-6 could
partially reverse the anti-proliferative function of
miR-9 in HeLamiR-9 (Figure 5a). Luciferase assay
showed that overexpression of miR-9 could suppress
the luciferase activity of APRE (a luciferase vector
containing the promoter of the target gene of
STAT3) [27] and Pim-1 (a luciferase vector containing
Pim-1 promoter which was regulated by STAT3) [28]
(Figure 5b and c). Western blot showed that the
phosphorylation of STAT3 (p-STAT3, the active form
of STAT3) was reduced by the overexpression ofmiR-9
in HeLa cells (Figure 5d). Moreover, the mRNA
expression levels of four downstream target genes of
Jak/STAT3 signaling pathway, Pim-1, VEGFA, SOCS1,
and SOCS3, were decreased in HeLamiR-9 cells
compared to HeLacontrol (Figure 5e). These results
indicated that ectopic expression of miR-9 could
restrain the activation of Jak/STAT3 pathway via
directly suppressing IL-6 expression in HeLa cells.

Figure 5. Ectopic expression of miR-9 suppresses the activity of IL-6/Jak/STAT3 pathway by targeting IL-6. (a) The
results of MTT assays. (b) The luciferase activities of APRE. (c) The luciferase activities of Pim-1. (d) Western blot
analysis of p-STAT3 and STAT3. (e) The relative mRNA expression levels of four genes downstream of Jak/STAT3.
Relative mRNA levels of each gene in control cells were assigned as 1.0 (mean� s.d.; n¼ 3).
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DISCUSSION

Althoughthe roleofmiR-9 incarcinogenesishasbeen
discussed in several kinds of human malignancies, the
biological function of miR-9 in cancer is still not
well understood and the role of miR-9 in cervical
adenocarcinomas (CAs)hasneverbeenexplored. In this
study, we explored the aberrant status, cancer related
functions, and potential antineoplastic mechanisms of
miR-9 inHeLa cell.Our results suggest thatmiR-9 acts as
a tumor suppressive microRNA by targeting multiple
functional target genes in CAs, at least included IL-6,
CKAP2, HSPC159, and TC10.

The function of miR-9 varies with different tumor
contexts and different cancer development stages.
In certain human malignancies like breast cancer,
colon cancer, gastric cancer, miR-9 was found to be
silent by hypermethylation and was as a tumor
suppressor by targeting some oncogenes, such as
NF-kappaB1, CDX2, and MTHFD2 [15,19–21,29,30].
On the other hand, miR-9 presents overexpression in
metastasizing tumor tissue of breast cancer and liver
cancer compared to primary cancer tissues [13,31].
Previous study has shown that due to the amplifica-
tion of chromosomal band 1q, miR-9 was high
expressed in CSCC. The overexpression of miR-9 in
CSCC cell lines could promote the proliferation,
migration, and malignant transformation, and
suppress the differentiation of cancer cells [23].
However, in HeLa cell, which was derived from CAs,
the hypermethylation of miR-9-1 promoter was
detected in the present study. Furthermore, the
expression of miR-9 was suppressed due to the
aberrant hypermethylation of the three miR-9 pre-
cursor genes in CA tissues, suggesting the function of
miR-9 in CAs is different from that in CSCC. Gene
expression can be regulated by genetic or epigenetic
mechanisms, our results indicated the epigenetic
suppression of miR-9 expression in CAs. However,
gene copy number variation [32–34] (deletion) and
histone acetylation status may also contributed to
miR-9 down-regulation. Therefore, further studies are
needed to fully understand the mechanisms of miR-9
down-regulation in CAs. It’s worth to note that we
also detected the elevated methylation of mir-9-2 in
CSCC tissues compared with normal control (supple-
mentary Figure 1b), but the mature miR-9 level
showed no significant difference (supplementary
Figure 1d). Therefore, the status of miR-9 in CSCC
needs to be further explored.

Subsequent functional experiments showed that
overexpression of miR-9 in HeLa cells could dramati-
cally impair the abilities of growth, migration, and
malignant transformation of cancer cells. Further-
more, in vivo experiment in nudemice suggested that
miR-9 could repress the tumorigenic abilities of HeLa
cells. It is commonly acknowledged that, to a great
extent, the functional diversity of miR-9 is largely
depended on its expression level and its downstream

target genes, Therefore, we speculated that unlike the
oncogenic role in CSCC, miR-9 may exerts its tumor
suppressor function by targeting a different set of
cellular genes in CAs, which account for the tumor
suppressor function of miR-9.

In the present study, four new target genes
including CKAP2, IL-6, TC10, and HSPC159 were
ultimately determined. In addition, although lack of
confirmation in protein level due to lack of available
antibodies, the mRNA level of five other candidate
genes, FAM13C, SRGAP3, EPHA7, PIK3R3, and
SNX25, could also be suppressed by miR-9 in HeLa
cell in vitro. We should note that only 21 of the 110
predicted target candidate genes had been experi-
mentally examined in the current study. It was
possible that more direct target gene could be
identified among the rest of candidate genes, indicat-
ing that miR-9 may involve in the development
process of CAs through regulating multiple target
genes.

As early as in the 1990s, numerous studies had
reported the up-regulation of IL-6 in cervical can-
cer [35,36]. IL-6 levels could be a possible candidature
prognostic indicator of cervical cancer [37]. A recent
study carried out in eastern Chinese women found
that the polymorphisms of the IL-6 gene contribute to
cervical cancer susceptibility [38]. Wei LH, et al.
reported that IL-6 could induce VEGF expression via
Jak/STAT3 signaling pathway, and, thus, promote
angiogenesis and cervical tumorigenesis [39]. Al-
though the oncogenic function of IL-6 has already
been well established in cervical cancer, the driving
force of the aberrant high level of IL-6 has not been
fully studied. Our results here presented a conclusive
regulative function of miR-9 on IL-6 in HeLa,
demonstrating that IL-6 is a novel direct target gene
of miR-9 in CAs. The JAK/STAT pathway is an
evolutionarily conserved signaling pathway involved
in basic cellular functions like cell growth, differenti-
ation, and death. IL-6 stimulation leads to the
autophosphorylation and activation of JAK, the
STAT3 protein was then phosphorylated by JAK,
formed homodimer and translocated into the cell
nucleus to promote transcription of responsive genes
like Pim-1 and VEGF. In this study, the down-
regulated genes induce by miR-9 in HeLa cells were
significantly enrichment in Jak/STAT signaling path-
way, indicating an important role of miR-9 on the
inactivation of IL-6/Jak/STAT3 in the process of CAs
development. Consistently, we proved that over-
expression of miR-9 could suppressed the activity of
STAT3. Since Pim-1 and VEGF are crucial target genes
of Jak/STAT3 pathway, up-regulation of these two
genes was observed in various cancers and they were
reported to play the oncogenic role by promoting cell
proliferation, survival, and malignant transforma-
tion [40–43]. The suppression of Pim-1 andVEGF after
miR-9 overexpression in HeLa cells further indicated
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the inactivation of Jak/STAT3 pathway and the tumor
suppressor role of miR-9 in CAs.
The cancer-related function of TC10 has been well

established in variety types of cancers. TC10 could
prompt reorganization of the actin cytoskeleton and
regulate cell shape, attachment, and motility [44].
Especially, when ectopically expressing miR-9 in
melanoma cells, the expression of TC10 and several
other proteins that regulate actin dynamics, including
Rab8, Rab11a, and RelA, are significantly decreased,
thus, reduced the motility of melanoma cells [17].
Therefore, one explanation to the suppression of
migration abilities we observed in HeLa cells after
overexpression of miR-9 could be the direct suppres-
sion effect of miR-9 on TC10 expression. CKAP2 was
reported to promote the proliferation ofWI-38 cells in
a p53 dependent way [45]. Increased expression of
CKAP2 in HCC tumor tissues was found associated
with shorter recurrence-free survival, indicating an
oncogenic role of CKAP2 [46]. The knock-down of
HSPC159 could increase the sensitivity to Methotrex-
ate of colon cancer cells [47], implying its oncogenic
potential. Basedon the known functionof thesemiR-9
target genes, it is reasonable to postulate that suppres-
sion of them may all contribute to the tumor-
suppressing role of miR-9 in CAs.
In conclusion, our present study indicates that

hypermethylation modulated miR-9 expression si-
lencing abolished its suppression on IL-6, which in
turn leads to the activation of IL-6/Jak/STAT3
pathway. In together with the co-operation of other
target genes like TC10, CKAP2, and HSPC159, miR-9
down-regulation-mediated IL-6/Jak/STAT3 pathway
activationmay be involved in the progression of CAs.
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