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Signal transducer and activator of transcription 3 (STAT3) is one of the key players in liver cancer. Increased levels of
phosphorylated STAT3 (p-STAT3) have been detected in many cancers including hepatocellular carcinoma (HCC), and
are usually associated with a more aggressive phenotype and poor prognosis. In addition to aberrant activation of
STAT3, upregulation of total STAT3 was also detected in HCC, for which the underlying mechanisms and significance
remain to be fully elucidated. Here we report that a reciprocal regulation exists between miR-197 and the IL-6/STAT3
inflammatory signaling pathway in HCC. We found that IL-6 stimulation increased total STAT3 expression at protein
level but not mRNA level in HCC cells, suggesting the existence of post-transcriptional regulation of STAT3. Our study
showed that IL-6/STAT3 pathway decreases expression of miR-197 in HCC, which amplifies IL-6/STAT3 pathway and
contributes to HCC progression. miR-197 can significantly inhibit HCC growth both in vitro and in vivo. In addition, IL-6/
STAT3-induced downregulation of miR-197 in HCC may be via affecting Drosha binding to primary miR-197 (pri-miR-
197) and thus reducing mature miR-197 generation. Our study suggests that miR-197 may serve as a potential
therapeutic target for interfering with the IL-6/STAT3 inflammatory pathway in HCC.

Introduction

HCC is one of the most common human malignant tumors
in the world and the second leading cause of cancer-related death
in China.1 Although clinical treatments have been developed to
manage HCC, uncontrolled metastasis and high recurrence
always lead to poor prognosis of HCC patients. Therefore, it is
urgent to explore the molecular mechanisms underlying tumori-
genesis and progression of HCC. Dysregulation of coding and
non-coding gene expression was considered to be the main cause
of HCC.2-6

STATs, which mostly exist in the cytoplasm, are key tran-
scription factors mediating cytokine and growth factor signaling
pathways.7 So far, seven STAT members have been identified in
mammals.8-10 After cytokine binding, the receptors are quickly
phosphorylated by Jak kinases. Then STATs are phosphorylated,
dimerized and translocated into the nucleus where they regulate
expression of target genes.11 STAT3, one of the most extensively

studied STAT members, has been proven to be constitutively
activated in various cancers including HCC.12,13 Activated
STAT3 contributes to oncogenesis by promoting cell prolifera-
tion, preventing apoptosis and impairing host tumor immu-
nity.14-17 Knockdown of STAT3 protein level by STAT3
antisense oligonucleotide can greatly inhibit cell proliferation
and tumorigenic growth of the HCC cell line transplanted in
nude mice.18

Constitutive activation of STAT3 plays pivotal roles in the
development of many human tumors.19 However, total STAT3
protein is also found to be upregulated in many human tumors
including HCC.2,20 The increased amounts of unphosphorylated
STAT3 contribute greatly to the development of cancer by driv-
ing expression of oncogenes such as MRAS and MET in
hTERT-HME1 cells.20 However, the role and mechanism of
upregulation of total STAT3 in tumorigenesis and progression
remain unclear. Our study shows a reciprocal regulation between
miR-197 and the IL-6/STAT3 inflammatory signaling pathway
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in HCC. IL-6/STAT3 downregulates miR-197 in HCC, thus
increasing STAT3 level and amplifying IL-6/STAT3 pathway.
miR-197 inhibits HCC growth both in vitro and in vivo, and
may serve as a potential therapeutic target in HCC.

Results

STAT3 Protein is Quickly Upregulated in HCC Cells by IL-
6 Stimulation

In order to explore the underlying mechanisms of the upregu-
lation of total STAT3 in HCC, we conducted an analysis of the
response of HCC cells to IL-6 over a period of time as inflamma-
tion is closely related to cancer formation and progression. HCC
cell lines HepG2 and QGY-7703 were stimulated with IL-6, the
levels of p-STAT3 increased rapidly, peaking at 30 min and
returning to low level by 60 min. Surprisingly, the total amount
of STAT3 also increased throughout this process (Fig. 1A). Our
results showed that not only p-STAT3 but also total STAT3 lev-
els were quickly increased after IL-6 stimulation in HCC cells,
which was consistent with previous studies.2,20 An analysis of
STAT3 mRNA in cells treated with IL-6 was also performed.
Unexpectedly, STAT3 mRNA levels remained unchanged
throughout IL-6 stimulation, indicating that IL-6 stimulation
rapidly increased STAT3 expression at protein level but not at
mRNA level in HCC cells, and suggesting that IL-6-induced

upregulation of total STAT3 may be modulated at post-tran-
scriptional level rather than transcriptional level.

IL-6 Downregulates miR-197, Upregulating STAT3 Protein
in HCC

miRNAs are short non-coding RNAs which bind to the
30UTR of target mRNAs and suppress target expression at post-
transcriptional level.21 In order to investigate whether miRNAs
were involved in IL-6-induced upregulation of STAT3 in HCC,
TaqMan miRNA qPCR array assay was performed to investigate
miRNAs expression profile in HepG2 cells treated with IL-6.
Many miRNAs were dysregulated by IL-6 stimulation in HepG2
cells (Table S1). Among these miRNAs, 10 miRNAs were
mostly reduced by IL-6 (Fig. 2A). To identify the miRNA target-
ing STAT3 in HCC cells, all these 10 miRNAs were transfected
into two HCC cell lines (HepG2 and QGY-7703) respectively,
and protein level of STAT3 was detected by Western blotting.
Only miR-197 could downregulate protein level of STAT3
(Fig. 2B, C and Fig. S1). These data suggested that STAT3 may
be one target of miR-197 in HCC cells. To confirm whether
STAT3 was really a target of miR-197, luciferase reporter plas-
mid with or without wild-type 30UTR of STAT3 was con-
structed, and a dual-luciferase reporter assay was employed in
HEK293T cells. We found that expression of a luciferase reporter
containing 30UTR of STAT3 was inhibited by cotransfection
with miR-197 mimics, whereas reporter plasmid without 30UTR
of STAT3 showed no change in luciferase activity (Fig. 2D).

Opposite results were obtained when using antisense oligonu-
cleotides (inhibitors) directed against miR-197 (Fig. S2). In
addition, we found that endogenous STAT3 mRNA level in
HCC cells was not affected by transfection with miR-197 mimics
or miR-197 inhibitors (Fig. S3). These results suggested that IL-
6 stimulation could downregulate expression of miR-197, and
downregulation of miR-197 in turn upregulated protein level of
STAT3 in HCC cells.

Negative Correlation Between miR-197 and Protein Levels
of IL-6/STAT3 in HCC Tissues

Next, we explored the correlation between miR-197 expres-
sion level and protein levels of IL-6 or STAT3 in HCC tissues.
In situ hybridization was performed to investigate the expression
of miR-197, while immunohistochemical staining was performed
to detect the protein expression of IL-6 and STAT3 in patients
with HCC by using tissue array. After normalization to the mean
expression value, RNA levels of miR-197 and protein levels of
IL-6 or STAT3 were analyzed by Pearson’s correlation coefficient
analysis. Markedly, IL-6 (r D ¡0.5503, p < 0.001) and STAT3
(r D ¡0.4201, p < 0.001) protein levels were both inversely cor-
related with miR-197 expression level in HCC tissues. We also
detected that IL-6 was positively related to STAT3 in HCC tis-
sues (r D 0.5028, p < 0.001) (Fig. 3A). ISH of miR-197 and
IHC of IL-6 and STAT3 in two representative HCC tissues con-
firmed negative correlation between miR-197 and protein levels
of IL-6/STAT3 in HCC tissues (Fig. 3B).

We then analyzed whether low endogenous miR-197 or high
IL-6 and STAT3 in HCC tissues correlated with prognosis of

Figure 1. STAT3 protein level is quickly upregulated by IL-6 in HCC cells.
(A) Protein expression levels of p-STAT3 and STAT3 were analyzed by
Western blotting in HepG2/QGY-7703 cells after being treated with IL-6
(25 ng/mL) as indicated. (B) mRNA expression of STAT3 was measured in
HepG2/QGY-7703 cells by qRT-PCR. Data are shown as mean § s.d. (n D
3) of one representative experiment. Similar results were obtained in at
least three independent experiments.
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HCC patients. As shown in Fig. 3C and
Table 1, statistical analysis revealed that
patients with high IL-6 (p D 0.0092),
STAT3 (p D 0.0375) or low miR-197
(p D 0.0209) had a poorer prognosis.

Collectively, these results suggested
that low endogenous miR-197 may be
induced by IL-6, and decrease of miR-197
may in turn upregulate STAT3 protein
level in HCC. IL-6-induced downregula-
tion of miR-197 in HCC may amplify IL-
6/STAT3 pathway, contributing to the
progression of HCC. Downregulation of
miR-197 may be a prognosis predictor for
HCC patients.

miR-197 Inhibits Growth and
Invasion of HCC Cells in Vitro through
IL-6/STAT3 Signaling Pathway

Because our previous study has shown
that miR-197 was downregulated in HCC
tissues,22 gain-of-function and rescue
studies were performed in HCC cells.
Overexpression of miR-197 in HepG2
cells significantly suppressed cell prolifera-
tion, while, re-expression of STAT3 by
transfecting STAT3 cDNA that cannot be
targeted by miR-197 in miR-197-
tranfected cells rescued this suppression
(Figs. 4A, B). Transfection of miR-197
mimics induced apoptosis in HepG2 cells
(14.86% versus 5.33% in the control
group, p < 0.01), re-expression of STAT3
in miR-197-tranfected cells significantly
decreased apoptosis in HepG2 cells (4.8%
vs. 14.86% in the miR-197 mimics group,
p < 0.01) (Fig. 4C). In matrigel invasion
assays, overexpression of miR-197 signifi-
cantly decreased migration of HepG2 cells
(32 versus 98, p < 0.01), re-expression of
STAT3 in miR-197-tranfected cells signif-
icantly increased migration of HepG2
cells (98 vs. 137, p < 0.01) (Fig. 4D).
Moreover, we found that the protein
expression levels of c-Myc, Bcl-2 and
MMP-2, downstream targets of IL-6/
STAT3 signaling pathway, STAT3 and p-
STAT3 were decreased in HepG2 cells
overexpressing miR-197; re-expression of
STAT3 in miR-197-tranfected cells
increased the protein expression in these
genes (Fig. 4E).

In addition, similar results were found
in QGY-7703 cells (Fig. S4). Taken
together, our data suggested that overex-
pression of miR-197 suppressed viability

Figure 2. miR-197 is downregulated by IL-6 and targets STAT3 in HCC cells. (A) By TaqMan miRNA
qPCR Array, the top 10 downregulated miRNAs in IL-6-treated HepG2 cells were listed, miR-16 and
U6 were used as control. (B–C) Expression level of miR-197 was detected by qRT-PCR after transfec-
tion with miR-197 mimics (miR-197) or negative control (NC) (B) and STAT3 protein level were
detected by Western blotting (C). (D) Firefly luciferase activity was measured in HEK293T cells after
co-transfected with pMIR firefly luciferase reporter plasmids with or without 30UTR of STAT3, pTK-
Renilla luciferase plasmids, together with miR-197. Data are shown as mean § s.d. (n D 3) of one
representative experiment. Similar results were obtained in at least three independent experiments.
%p < 0.05, %%p < 0.01.

www.tandfonline.com e1031440-3OncoImmunology



and migration of HCC cells possibly through impairing IL-6/
STAT3 signaling pathway, thus indicating that downregulation
of miR-197 in HCC may contribute to HCC progression by
amplifying IL-6/STAT3 pathway.

miR-197 Suppresses Tumor Growth of HCC Xenografts
A human HCC-bearing nude mouse model SMMC-LTNM

was employed to identify the in vivo effects of miR-197 on HCC
growth. As compared to other human HCC-bearing nude mouse
model generated by subcutaneously inoculating with HCC cell
lines, SMMC-LTNM is more similar to clinical progression of
HCC as a-fetoprotein (AFP) is detected with high level in sera of
SMMC-LTNM model.22,23 The expression of miR-197 was
much lower in SMMC-LTNM tumor tissue when compared to

Figure 3. Correlation and prognostic significance analyses of miR-197, IL-6 and STAT3 in tissues of HCC patients. (A) A negative Spearman correlation
between IL-6 and miR-197, miR-197 and STAT3 and a positive Spearman correlation between IL-6 and STAT3 were found in 90 HCC tissues. (B) Immuno-
histochemistry staining of STAT3, IL-6 and detection of miR-197 by ISH in two representative HCC tissues (I 11 and J 11). Scale barD 20 mm. (C) The prog-
nostic significance of IL-6, miR-197 and STAT3 for HCC patients assessed by Kaplan–Meier analyses.

Table 1. Univariate analysis of factors correlated with overall survival of HCC
patients

Clinical variables Case number HR (95% CI) p value

miR-197 (lower vs. higher) 45/45 0.49 (0.27–0.90) 0.0209
IL6 (lower vs. higher) 45/45 2.24 (1.22–4.11) 0.0092
STAT3 (lower vs. higher) 45/45 1.881 (1.037–3.41) 0.0375
Sex (male vs. female) 77/13 1.054 (0.45–2.49) 0.9040
Age (> 55 y vs. � 55 y) 42/48 0.997 (0.55–1.80) 0.9910
Cirrhosis (yes vs. no) 32/58 0.782 (0.415–1.472) 0.4460
Tumor size (�5 cm vs. <5 cm) 54/36 2.087 (1.092–3.992) 0.0261
Tumor number (>1 vs. 1) 9/81 1.97 (0.879–4.418) 0.0998
TNM stage (III/IV vs. I/II) 47/43 2.65 (1.40–5.01) 0.0029
Histological grade (>II vs. I/II) 36/54 1.281 (0.748–2.196) 0.3670

CI: confidence interval; TNM: tumor-node-metastasis staging system.
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normal human liver, and in vivo intratumoral injection of choles-
terol-conjugated miR-197 mimics restored its expression in
tumor tissue (Fig. 5A). After intratumoral administration of the
cholesterol-conjugated miR-197 mimics, significant reduction in
tumor size (Fig. 5B), decrease of serum AFP (Fig. 5C) and

down-regulation of STAT3 and p-STAT3, increased apoptosis,
suppressed cell proliferation and more severe liver necrosis
(Fig. 5D) were observed in SMMC-LTNM-bearing mice. We
also found that the protein expression levels of c-Myc, Bcl-2 and
MMP-2, downstream targets of IL-6/STAT3 signaling pathway,

Figure 4. miR-197 suppresses proliferation, invasion but promotes apoptosis in HepG2 cells through IL-6/STAT3 signaling pathway. (A–B) HepG2 cells
growth were measured by CCK-8 analysis (A) or using EdU incorporation (B) after transfection of negative control (NC), miR-197 mimics (miR-197) or
miR-197 plus pcDNA-STAT3 which contain STAT3 cDNA that cannot be targeted by miR-197 (miR-197CSTAT3). (C) Apoptotic HepG2 cells were analyzed
by FACS after they are transfected with NC, miR-197 or miR-197CSTAT3. The AnnexinV-positive cells were regarded as apoptotic cells. (D) The invasive
ability of HepG2 cells was evaluated by in vitro invasion assays after transfection of NC, miR-197 or miR-197CSTAT3. (E) HepG2 cells were transfected
with NC, miR-197 or miR-197CSTAT3, 48 h later, the expression levels of STAT3, p-STAT3, c-Myc, Bcl¡2, and MMP-2 were analyzed by Western blotting.
Data are shown as mean § s.d. (n D 3) of one representative experiment. Similar results were obtained in at least three independent experiments. %p <

0.05, %%p < 0.01, %%%p < 0.001. Scale bar D 50 mm.
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Figure 5.miR-197 suppresses HCC growth in vivo. (A) qRT-PCR analysis of miR-197 expression in normal human liver tissue, or SMMC-LTNM tumor tissue
two weeks after intratumoral injection of cholesterol-conjugated miR-197 mimics (miR-197) or negative control (NC). (B–C) Two weeks after subcutane-
ous inoculation of SMMC-LTNM tumor cells, HCC-bearing nude mice were treated by intratumoral injection of cholesterol-conjugated miR-197, NC or
PBS. Tumor volume (B), serum AFP levels (C) were shown as indicated in (C). (D) H&E staining and detection of STAT3, p-STAT3, Caspase 3 and Ki-67 by
IHC in HCC tissues was performed two weeks after intratumoral injection of cholesterol-conjugated miR-197, NC or PBS. Scale bars, 50 mm. Data are
shown as mean§ s.d. (n D 3) of one representative experiment. Similar results were obtained in three independent experiments. %%p < 0.01.
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were decreased in SMMC-LTNM-bearing mice overexpressing
miR-197 (Fig. S5), further supporting a potential suppressive
effect of miR-197 on HCC.

IL-6 Induces Downregulation of miR-197 in HCC by
Impairing Binding of Drosha to pri-miR-197

Our results have showed that IL-6 could induce downregula-
tion of miR-197 in HCC cells, but the associated mechanism
was not clear. To explore the mechanism underlying the downre-
gulation of miR-197 by IL-6, HepG2 and QGY-7703 cells were
employed to detect the expression of pri-miR-197, precursor
miR-197 (pre-miR-197) and mature miR-197 after IL-6 treat-
ment at different time points. Our results showed that after IL-6
stimulation, pri-miR-197 expression remained unchanged while
pre-miR-197 and mature miR-197 expression reduced signifi-
cantly (Fig. 6A), suggesting that biogenesis of miR-197 may be
regulated at pri-miR-197 to pre-miR-197 level by IL-6 stimula-
tion in HCC cells. Previous studies had demonstrated that matu-
ration of miR-21 could be regulated by transcription factor
Smad3 at post-transcriptional level.24 STAT3 is one important
transcription factor of IL-6/STAT3 pathway, so we wonder
whether STAT3 participated in the generation of miR-197.
HepG2 and QGY-7703 cells were transfected with siRNAs spe-
cific to human STAT3, and STAT3 protein levels were detected
to be significantly inhibited (Fig. 6B). IL-6 was then added to
HCC cells after STAT3 interference; pre-miR-197 was detected
by qRT-PCR at the indicated time points. The results showed
that reduction of pre-miR-197 by IL-6 stimulation disappeared
in the cells with STAT3 interference (Fig. 6C). In addition, simi-
lar results were obtained for mature miR-197 but not pri-miR-
197 (Fig. S6). These data suggested that IL-6-induced downre-
gulation of miR-197 was at the post-transcriptional level and
may be STAT3-dependent.

In order to explore the mechanism of STAT3-dependent
reduction of miR-197 by IL-6 stimulation in HCC cells, RNA-
ChIP assay was performed. Because pri-miRNAs are processed to
pre-miRNAs in the nucleus, so binding of p-STAT3 to pri-miR-
197 was examined. The results showed that the binding of p-
STAT3 to pri-miR-197 was increased after IL-6 stimulation in
HCC cells (Fig. 6D). Drosha plays an important role in the gen-
eration of pre-miRNA,25 so we wonder if IL-6 stimulation exerts
its effect via affecting the binding of Drosha to pri-miR-197.
Our results showed that the binding of Drosha to pri-miR-197
was decreased after IL-6 stimulation (Fig. 6E). We also detected
the binding of STAT3 to pri-miR-197 after IL-6 stimulation in
HCC cells; our results showed that there was no binding of
STAT3 to pri-miR-197 (Fig. S7). These results indicated that
the induction of p-STAT3 binding to pri-miR-197 by IL-6 stim-
ulation affected Drosha binding and then reduced miR-197 gen-
eration in HCC cells.

Discussion

It has been reported that constitutive activation of STAT3 is
likely to contribute to the development of many human tumors.

However, total STAT3 was also found to be upregulated in
many human tumors including HCC.2,20 The mechanism for
and role of upregulation of total STAT3 in tumorigenesis and
progression remain unclear. Our study demonstrates that a recip-
rocal regulation exists between IL-6/STAT3 pathway and miR-
197. Our data suggest that miR-197, by targeting STAT3 pro-
tein, can inhibit HCC progression and may serve as a potential
therapeutic target for HCC, thus providing insights for aberrant
IL-6/STAT3 activation in HCC.

Constitutive STAT3 activation has been linked to oncogenesis
in a variety of human tumors. Diverse cytokines and growth fac-
tors, including IL-6, EGF and PDGF, activate the JAK/STAT3
signaling pathway.26 STAT3 can also be activated by different
oncogenic kinases and viral proteins (e.g. from hepatitis B virus
or hepatitis C virus).27 Interestingly, total STAT3 protein is also
upregulated in many human tumors including HCC.2,20 Yang
et al. reported that total amount of STAT3 continued to increase
throughout 32 h after IL-6 treatment in hTERT-HME1 cells,
which was attributed to the binding of p-STAT3 to STAT3 pro-
moter. In our study, we found that total STAT3 continued to
increase at protein level but not mRNA level in HCC cells during
IL-6 treatment, suggesting that post-transcriptional regulation of
STAT3 likely exists during IL-6 stimulation. Our results showed
that downregulation of miR-197, which was induced by IL-6/
STAT3 signaling pathway, in HCC cells could directly target
and upregulate STAT3 in HCC tissues and cells. Our results
thus reveal one novel regulation mode for IL-6/STAT3 signaling
pathway during HCC tumorigenesis.

Yang also reported that increased amounts of unphosphory-
lated STAT3 contribute importantly to the development of can-
cer by driving expression of oncogenes such as MRAS and MET
in hTERT-HME1 cells. However, our results showed that over-
expression of miR-197 in HCC cells downregulated protein lev-
els of STAT3 and p-STAT3 (Fig. 4E, Figs. S4E and S5D), but
did not affect the expression of MRAS and MET (Fig. S8), sug-
gesting miR197-mediated regulation of total STAT3 protein in
HCC oncogenesis could very well be due to altered p-STAT3
levels as described in previous study.2,18

Tumorigenesis and tumor progression always occurs after
accumulation of multistep mutations and is characterized by
uncontrolled cell division and survival.28,29 At the same time,
environmental conditions and extracellular stimuli exert great
effect on these processes by affecting coding genes and non-
coding genes.30 Inflammatory microenvironment has been
shown to be a strong inducement in many cancers including
HCC.31-33 HCC has been regarded as an example of inflam-
mation-related cancer. IL-6 is an important inflammatory
cytokine that plays essential roles in HCC development
through activating IL-6/STAT3 signaling pathway.34 IL-6
deficient mice were resistant to diethylnitrosamine-induced
HCC development,35 and hepatocyte-specific STAT3 knock-
out significantly impaired the development as well as the
tumor growth of HCC.36 Inflammatory stress as IL-6 can
alter the expression profile of miRNAs showing tumor sup-
pressive or oncogenic activity.37,38 Therefore, miRNAs may
function as mediators of inflammation related tumors.

www.tandfonline.com e1031440-7OncoImmunology



Although the association between IL-6 and malignancy has
been recognized for many decades, the role of IL-6 as stimu-
lator of miRNA expression remained to be explored. Our
results showed that IL-6 decreased the expression of many
miRNAs including miR-197. Moreover, our results

demonstrated that miR-197 could significantly inhibit prolif-
eration, invasion and promote apoptosis in HCC cells
through impairing IL-6/STAT3 pathway. These data indicate
that miR-197 might function as an inflammatory mediator
during inflammation-related HCC development.

Figure 6. IL-6 downregulates miR-197 expression through p-STAT3 by disrupting Drosha binding to pri-miR-197 and reducing mature miR-197 genera-
tion. (A) pri-miR-197, pre-miR-197 and mature miR-197 were detected by qRT-PCR in HepG2 and QGY-7703 cells after IL-6 treatment (25 ng/mL) as indi-
cated. (B) HepG2 and QGY-7703 cells were transfected with negative control siRNA (NC si) or STAT3 siRNAs (STAT3 si), 48 h later, STAT3 and b-actin were
detected by Western blotting. (C) Cells in (B) were treated with IL-6 (25 ng/mL) as indicated, and pre-miR-197 was detected by qRT-PCR and normalized
to U6. (D–E) HepG2 cells and QGY-7703 cells were stimulated with or without IL-6 (25 ng/mL) for 5 min, and qRT-PCR analysis of p-STAT3 (D) or Drosha
(E) binding to pri-miR-197 after RNA ChIP assay were performed. Data are shown as mean § s.d. (n D 3) of one representative experiment. Similar results
were obtained in at least three independent experiments. %p< 0.05, %%p < 0.01.
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miR-197 is frequently identified as a potential biomarker in a
variety of cancer types including HCC. miRNA expression pro-
filing of oral carcinoma, gastric carcinoma, malignant astrocy-
toma and HCC revealed the downregulation of miR-197,
indicating miR-197 as one potential antitumor biomarker.22,39-
41 miR-197 was also found to be upregulated in follicular thyroid
cancer and lung cancer and may function as oncogenic bio-
marker.42,43 However, the role of miR-197 during tumorigenesis
of HCC remains largely unknown due to lacking information of
target genes. Our data revealed that STAT3 may be the target of
miR-197 in HCC cells. Moreover, miR-197 could significantly
inhibit HCC growth both in vitro and in vivo, supporting the
antitumor effects of miR-197 in HCC. However, the function of
miR-197 was much controversial in different cancers. So the role
of miR-197 in carcinogenesis of HCC awaits further
investigations.

In summary, our study suggests that a reciprocal regulation
exists between IL-STAT3 pathway and miR-197 in HCC. We
demonstrate that miR-197, by targeting STAT3, inhibits HCC
growth both in vitro and in vivo, thus highlighting miR-197 as a
potential therapeutic target in HCC.

Materials and Methods

Cell Lines and Human Tissue Specimens
HEK293T as well as human HCC cell lines HepG2 and

QGY-7703 were obtained from ATCC. HEK293T cells were
cultured in DMEM media containing 10% (v/v) fetal bovine
serum (FBS, PAA Laboratories, Pasching, Australia). HepG2 and
QGY-7703 cell lines were routinely maintained in RPMI-1640
supplemented with 10% (v/v) FBS at 37�C in a humidified incu-
bator containing 5% CO2. Normal human liver tissues were
obtained from distal normal liver tissue of liver hemangioma.
Tissue samples were immediately frozen in liquid nitrogen until
analysis. Informed consent was obtained from each patient and
the study was approved by the ethics committee of Second Mili-
tary Medical University, Shanghai, China.

Vector Construction and Luciferase Reporter Assay
The vectors used in this study were constructed as described in

Supplementary Materials, and luciferase reporter assay was per-
formed as described previously.44

Cell Proliferation, Invasion and Apoptosis Analyses
Cell proliferation, invasion and apoptosis analyses were per-

formed as described in Supplementary Materials.

HCC-bearing Nude Mouse Model and in Vivo Treatment
All animal experiments were conducted according to the

National Institute of Health Guide for the Care and Use of

Laboratory Animals, with the approval of the Scientific Investiga-
tion Board of Second Military Medical University, Shanghai.
The HCC-bearing male nude mice were prepared and treated as
previously described.22 Human HCC-bearing male nude mice
with subcutaneous passage of SMMC-LTNM were used for eval-
uating the antitumor effect of miR-197 mimics in vivo. For prep-
aration of subcutaneous model, 0.2 mL grinded SMMC-LTNM
tumor tissue was subcutaneously injected and inoculated. For
delivery of cholesterol-conjugated RNA, 10 nmol RNA in
0.1 mL saline buffer was locally injected into the tumor mass
once every 3 d for 2 weeks. Tumor size was measured and serum
AFP was detected using ELISA as described previously.22

RNA-ChIP Assay
Detail RNA-ChIP assay is described in Supplementary Mate-

rial. The primers spanning the hairpin of pri-miR-197 are shown
in Table S2.

Immunohistochemical Staining (IHC)
IL-6 and STAT3 levels in liver tumors were evaluated by IHC

as narrated in Supplementary Materials and the statistical method
was described as previously.45

In Situ Hybridization (ISH)
miR-197 level in liver tumors were evaluated by ISH as nar-

rated in Supplementary Materials and the statistical method was
described as previously.46

Statistical Analysis

All data are presented as the mean § standard deviation. Sta-
tistical analysis was performed using SPSS 15.0 as detailed in
Supplementary Materials.
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