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Abstract: The role of IL-9 in hepatocellular carcinoma (HCC) remains unknown. This study was designed to investigate the effect of IL-9 on HCC cells and the underlying signaling pathway. HCC cell lines SMMC-7721 was treated
by IL-9, and the activities of cells were tested. The expression of JAK2, STAT3, p-JAK2 and p-STAT3 was detected by
Western Blot assay. RT-PCR was used to detect the expression of MMP-2, MMP-9 and VEGF. SMMC-7721 cells were
pre-treated with AG490, which is the inhibitor of JAK2/STAT3 pathway, and then incubated with IL-9. The expression
of STAT3, p-STAT3, VEGF, MMP-2 and MMP-9 was detected, and the activities of SMMC-7721 cells was tested. The
data showed that IL-9 significantly promoted the proliferation, invasion and migration of SMMC-7721 cells in a concentration dependent manner. Exposure to IL-9 increased the activation of p-STAT3 and p-JAK2, and increased the
expression of MMP-2, MMP-9 and VEGF at the same time. Suppression of JAK2/STAT3 pathway by AG490 attenuated the promotive effects of IL-9 on SMMC-7721 cells, and reduced the expression of VEGF, MMP-2 and MMP-9.
The present study demonstrated that IL-9 promotes the proliferation and metastasis in HCC cells and the effect may
partly through the regulation of JAK2/STAT3 pathway.
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Introduction
Hepatocellular carcinoma (HCC) is one of the
most common primary malignancies and the
third most frequent cause of cancer deaths [1].
At present hepatectomy is the most effective
treatment for early HCC, however, most HCC
is not diagnosed until the disease is at an
advanced stage [2, 3]. Therefore, prevention
and treatment of HCC is of great importance.
Emerging evidence has shown that signaling
pathways changes immensely during the pathogenesis of HCC. The Janus-activated kinases/
signal transducer and activator of transcription
3 (JAK/STAT3) pathway is involved in the pathogenesis of different types of solid tumor [4, 5].
After activated by the JAKs, STAT3 translocate
to nucleus and induce expression of downstream molecules, such as vascular endothelial growth factor (VEGF), matrix metalloproteinase (MMP)-2, and MMP-9 [6], which are

reported to mediate hepatic tumor cell progression and metastasis [7, 8]. STAT3 participates
in immune evasion, oncogenesis, cell proliferation, apoptotic resistance, and angiogenesis [4,
9]. Growing evidence has shown that the STAT3
signaling pathway is involved in the carcinogenesis, including HCC [10, 11].
STAT3 could be triggered by several extracellular cytokines and growth factors, such as interleukins (ILs) [6]. IL-9 is an important immunoregulatory cytokine, and plays various roles
through the combination with its receptors (IL9R). Evidences have demonstrated that IL-9
has been involved in allergic inflammation, parasitic infection and tumor immunity [12]. Up to
date, fewer studies focused on the role of IL-9
in tumor, and the relationship between IL-9 and
tumor remains controversial. Study of melanoma suggested that IL-9 could promote the activation and proliferation of mast cells, which
have cytotoxic function against tumor cells [13].
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assay. 1×104 cells were
seeded in each well of
Gene
Forward primer
Reverse primer
96-well plates; 24 h
MMP-2 5’-AAAAGCTGACCCACCCAATAAC-3’
5’-AAAGAACATAGCACGACCCAGAA-3’
later, SMMC-7721 cells
MMP-9 5’-CAAGCTGGACTCGGTCTTTGA-3’
5’-GCCTGTGTACACCCACACCT-3’
in each well were incuVEGF
5’-AGCACGAGCTACCTCAGCAAGAC-3’ 5’-TTTAGACATGCATCGGCAGGAA-3’
bated with 10 μL of
GADPH 5’-GCACCGTCAAGGCTGAGAAC-3’
5’-TGGTGAAGACGCCAGTGGA-3’
CCK8 at 37°C for 2 h.
Then, the absorbance
But Ye et al [14] demonstrated that IL-9 could
for each well was measured using a microplate
reader (Tecan, Austria) at 450 nm. Experiments
promote the proliferation of lung cancer cells.
were performed at three times.
Previously, IL-9 and IL-9R was found to be
increased in HCC tissue compared with perituTranswell invasion and migration assays
mor tissue, suggesting that IL-9 may involve in
A Transwell system with 8-μm pore (Corning,
the pathogenesis of HCC [15]. However, few
Grand Island, NY, USA) was used in the cell
studies have investigated the signaling pathinvasion and migration assays, according to
way underlying the effect of IL-9 on HCC. Thus,
the manufacturer’s protocol. In the migration
the present study was aim to examine the role
assay, approximately 5×104 cells were seeded
of IL-9 in regulating the proliferation, migration,
to the upper chamber and cultured in serum
and invasion of HCC and the relevant signaling
free media. And DMEM medium containing
pathway.
10% FBS was added into the lower chamber.
After incubation at 37°C for 24 h, the cells on
Materials and methods
the upper surface were carefully removed, then
the upper chambers were fixed in 4% methanol
Cell lines and reagents
for 20 min, followed by 0.1% crystal violet staining for 20 min. Cells that migrated to the botThe human HCC cell line (SMMC-7721) was
tom surface were observed by an microscope.
purchased from Shanghai Institute of Cell
Five fields were randomly selected and the
and Biology, Chinese Academy of Science.
mean number of cells per field was calculated.
Dulbecco’s modified Eagle’s medium (DMEM),
Each individual experiment had triplicate infetal bovine serum (FBS) were supplied by
serts. In the invasion assay, the same experiGibco BRL (Rockville, IN, USA). Rabbit antimental design was used, but Matrigel (BD
p-JAK2 (Y-1007/Y-1008), JAK2, p-STAT3 (Y-705)
Biosciences, Franklin Lakes, NJ, USA) were preand STAT3 antibodies were purchased from
coated onto the membranes.
Abcam (Cambridgeshire, England). Total RNA
Table 1. Sequence-specific primers for PCR amplification

Kit, PrimeScript RT Reagent kit and SYBR Green
Real-time PCR Master Mix were obtained from
TaKaRa (Dalian, China). Cell lysis buffer, proteases inhibitor, CCK-8 kit were obtained from
Beyotime Institute of Biotechnology (Jiangsu,
China).
Cell culture

The cell lines SMMC-7721 were routinely cultured in high glucose DMEM medium supplemented with 10% heat-inactivated FBS and
100 units of penicillin-streptomycin at 37°C in
a humidified incubator with 5% CO2.
Cell viability assay
The viability of SMMC-7721 cells which were
treated with different concentration IL-9 for 24
h were assessed by cell counting kit-8 (CCK8)
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Quantitative real-time PCR (qRT-PCR)
Total RNA was extracted from SMMC-7721
cells by using Total RNA Kit according to the
manufacturer’s instruction. Next, a PrimeScript
RT Reagent kit was used to synthesize cDNA. a
SYBR green PCR master mix was used to
performed Real-time quantitative PCR. The
sequence-specific primers used for PCR amplification were showed in Table 1. Thermal
cycling conditions included pre-incubation at
95°C for 30 s followed by 40 PCR cycles at
95°C for 3 s and 60°C for 30 s. The gene
expression was calculated using the 2-ΔΔCt
method. All reactions were run in triplicate.
Western blot analysis
SMMC-7721 cells were harvested after inducting by IL-9 for 24 h. Protein was extracted from
Int J Clin Exp Pathol 2017;10(7):7940-7946
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Figure 1. IL-9 promoted proliferation, migratory and invasion of SMMC-7721 cells. A: IL-9 promoted proliferation of
SMMC-7721 cells; B: IL-9 promoted migratory of SMMC-7721 cells. C: IL-9 promoted invasion of SMMC-7721 cells.
Data expressed as mean ± SD. The differences among multiple groups were analyzed using one-way ANOVA/LSD
post-hoc test. *P<0.05.

Figure 2. Expression of JAK2/STAT3 in SMMC-7721 cells after IL-9 treatment. A: Relative proteins expression of
JAK2, p-JAK2, STAT3 and p-STAT3 in SMMC-7721 cells. One-way ANOVA/LSD post-hoc test showed that the expression of p-JAK2 and p-STAT3 was significantly elevated in IL-9 treatment groups compared with control group,
*
P<0.05 compared with control; B: Western-blot results of JAK2, p-JAK2, STAT3 and p-STAT3.

cells. Equal amounts of extracted proteins were
separated by 10% SDS-PAGE and then transferred to PVDF membranes. After being blocked
with 5% nonfat milk, the membranes were incubated with primary antibodies against p-JAK2
(Y-1007/Y-1008), JAK2, p-STAT3 (Y-705), STAT3
and GAPDH overnight at 4°C for 12 h and then
incubated with Li-cor AlexaFluor® 680 secondary antibodies for 1 h at room temperature. The
signals were detected using Odyssey Infrared
Imaging System (Li-COR Biosciences, Lincoln,
NE) and quantitated by Fluorchem 8900 system (Alpha Innotech, San Leandro, CA). The
expression level of p-JAK2, JAK2, p-STAT3,
STAT3 was normalized to that of GAPDH, the
reference protein.
Statistical analysis
Statistical analyses were performed by the
Statistical Package for the Social Sciences version 17.0. Data were expressed as mean val-
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ues ± standard deviation (SD), and analysis
using the one-way analysis of variance (ANOVA)
followed by LSD post-hoc test. The level of
significance was set at P<0.05.
Results
IL-9 promoted proliferation, migratory and invasion of SMMC-7721 cells
SMMC-7721 cells were treated with IL-9 (12.5
ng/mL, 25 ng/mL, 50 ng/mL) for 24 h. CCK8
assay indicated that the proliferation of SMMC7721 cells was promoted by IL-9, and one-way
ANOVA test showed that this effect was elevated accompany with increased concentrations
of IL-9 (P<0.05). Similar to the results of cell
proliferation, the Transwell assay showed that
migration and invasion activity of SMMC-7721
cells were promoted by IL-9, and the metastasis of cells was increased with the elevated of
IL-9 (P<0.05). See Figure 1.
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cells in AG490+IL-9 treatment group were
greatly decreased compared with IL-9 treatment group (P<0.05). Further, the expression of
MMP-2, MMP-9 and VEGF mRNA was decreased
significantly (P<0.05). See Figure 4.
Discussion

Figure 3. Relative mRNA expression of MMP-2, MMP9 and VEGF in SMMC-7721 cells. Data expressed
as mean ± SD. One-way ANOVA/LSD post-hoc test
showed significantly differences in the expression
of MMP-2, MMP-9 and VEGF among IL-9 treatment
groups and control group. *P<0.05 compared with
control group.

Expression of JAK2/STAT3 in SMMC-7721
cells after IL-9 treatment
In order to explore the mechanism of IL-9
promoted SMMC-7721 cells proliferation and
metastasis, western blot assay was used to
detect the expression of JAK2, p-JAK2, STAT3
and p-STAT3. One-way ANOVA test showed significant differences in the expression of p-JAK2
and p-STAT3 (P<0.05), and these changes were
more prominent with the elevated of IL-9 concentration, but no significantly difference on
expression of total JAK2 and STAT3 (P>0.05),
indicating that phosphorylated of JAK2/STAT3
pathway involved in this process. See Figure 2.
Expression of MMP and VEGF in SMMC-7721
cells after IL-9 treatment
MMP-2, MMP-9 and VEGF are the downstream
molecules of STAT3 pathway, to study the
underlying mechanism of IL-9 promoted SMMC7721 cells invasion, the mRNA of MMP-2,
MMP-9 and VEGF was tested by qRT-PCR. Oneway ANOVA test showed that, after treated by
IL-9 for 24 h, the expression of MMP-2, MMP-9
and VEGF mRNA in the cells was significantly
increased (P<0.05). See Figure 3.
Inhibition of STAT3 abrogated the effect of IL-9
on SMMC-7721 cells
STAT3 inhibitor AG490 (40 μmol/L) was added
into the medium of SMMC-7721 cells in the
presence of IL-9 (50 ng/mL), the results showed
that, the expression of p-STAT3 protein in the
cells was decreased compared with those without AG490 treatment. Similarly, the proliferation, invasion and migration of SMMC-7721
7943

Owing to the identification of its expression by
multiple T helper (Th) cells, such as Th2 cells,
Th9 cells and Th17 cells, IL-9 has attracted
renewed interest. In this study, we showed that
IL-9 could promote the proliferation, migration
and invasion activity of HCC cells via the JAK2/
STAT3 pathway, and inhibition of the phosphorylation of STAT3 abolished the promoting effect,
and the downstream molecules of JAK2/STAT3
pathway were also down-regulated. Taken together, these results demonstrated that IL-9
promotes HCC cells proliferation and metastasis, and this effect is via JAK2/STAT3 pathway,
which provided a therapy target for HCC.
IL-9 functions both as positive and negative
regulator of immune responses depending on
the type of diseases. For example, IL-9 has detrimental roles during allergy and autoimmunity
[16]. However, during parasitic infections, IL-9
can help to clear the pathogen [17]. At present
there are limited researches focused on the
IL-9 in tumor, especially in solid tumors. Our
previous study showed that frequency of Th9
cells and the IL-9 levels were significantly higher in malignant ascites (MA) from HCC patients
than those in cirrhotic patients and healthy
control. Moreover, increasing peritoneal Th9
cells predicted shorter survival time of patients
with MA [18], indicating that IL-9 might play a
role during occurrence and progression of HCC.
In the present study, we found that IL-9 could
significantly promote the proliferation and
metastasis of SMMC-7721 cells, which was in
agree with the results in the study of lung cancer cells [14]. However, some studies have
shown the IL-9 was able to suppress tumor
growth. Purwar et al [19] treated melanomabearing RORγt-deficient mice with IL-9-neutralizing antibody, and observed that the
growth of melanoma and the activation and
proliferation of mast cells were promoted. Lu et
al [20] demonstrated that IL-9 could attracts
CCR6+ dendritic cell (DC) and CD8+ CTL into the
tumor bed, which favored tumor antigen uptake,
presentation and eradication of cancer cells.
The different effect of IL-9 on tumor cells may
Int J Clin Exp Pathol 2017;10(7):7940-7946
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Figure 4. Inhibition of STAT3 abrogated the effect of IL-9 on SMMC-7721 cells. A: Western-blot results of STAT3 and
p-STAT3; B: Relative proteins expression of STAT3 and p-STAT3 in SMMC-7721 cells. C: Cells proliferation of the control, IL-9 and IL-9+AG490 group. D: Migratory and invasion of SMMC-7721 cells of the control, IL-9 and IL-9+AG490
group. E: Relative mRNA expression of MMP-2, MMP-9 and VEGF in SMMC-7721 cells of the control, IL-9 and IL9+AG490 group. Data expressed as mean ± SD. One-way ANOVA/LSD post-hoc test showed that the expression of
p-STAT3 in IL-9+AG490 treatment group were greatly decreased compared with IL-9 treatment group. Similarly, the
proliferation, invasion and migration of SMMC-7721 cells in AG490+IL-9 group were greatly decreased compared
with IL-9 group. *P<0.05.

due to the different of cell type and genetic
background.
Previous studies have demonstrated that
STAT3 signaling pathway has been involved in
the pathogenesis of liver fibrosis, cirrhosis and
HCC. Activation of STAT3 has been implicated
in the proliferation and metastasis of liver cancer cells [21, 22]. The cross-phosphorylation of
JAKs could be promoted by IL-9-induced receptor activation and leads to the activation of
STAT complexes, specifically STAT1-STAT3 heterodimers [23]. In order to explore possible
pathway involving in the process of IL-9-induced
HCC cells proliferation and metastasis, we
examined the expression of JAK, p-JAK, STAT3
and p-STAT3 in SMMC-7721 cells. Our data
showed that, IL-9 significantly increased the
phosphorylation levels of JAK2 and STAT3 in
SMMC-7721 cells, and the downstream molecules of JAK2/STAT3 pathway (MMP-2, MMP-9
and VEGF) were increased simultaneously.
Furthermore, this promotive effect on SMMC7721 cells could be abrogated by STAT3 inhibitors, indicating JAK2/STAT3 pathway participated in the regulation of IL-9 promote SMMC7721 cells.
To our knowledge, this study was the first
research that identified that IL-9 promoted HCC
7944

cells proliferation and metastasis via the regulation of JAK2/STAT3 pathway. However, in this
study, we’ve just only used SMMC-77211 cell
lines, which are more suitable for the investigation of cells metastasis; however, these results
remained need to confirm by studies using
other cell lines and animal models. In addition,
although we concluded that IL-9 regulated
JAK2/STAT3 pathway, but how IL-9 and its
receptor, IL-9R, perform this effect remains
unknown. Finally, the pathogenesis of HCC
involves in many pathways, but we only selected JAK2/STAT3 pathway, other pathway need
to be examined in the future studies.
Conclusions
Our data showed that by activating JAK2/STAT3
pathway, IL-9 promoted HCC cell proliferation,
migratory and invasion. These data provide the
basis for developing novel immune- regulating
strategies for HCC therapy.
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