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Jianfei Luo, Ruicheng Yan, Xiaobo He, Jie He

Department of Gastrointestinal Surgery, Renmin Hospital of Wuhan University, Wuhan 430060, Hubei Province,
China

Received June 4, 2017; Accepted November 24, 2017; Epub December 15, 2017; Published December 30, 2017

Abstract: Signal transducer and activator of transcription-3 (STAT3) is closely associated with tumorigenesis and is
activated in tumor cells of a variety of cancers. The raised expression of cyclin D1 (CCND1) by activated STAT3 has
been verified in some cancers. However, the relationship between STAT3 and CCND1 has yet to be studied in gastric
cancer (GC) cells. In the present study, we found that STAT3 was constitutively activated in several GC cells together
with overexpressed CCND1. In addition, IL-6 treatment enhanced the expression level of p-STAT3 and CCND1, ac-
celerating the cell cycle progress and transferring from G1 to S phase. The increased proliferation, migration and
invasion were also demonstrated by the treatment of IL-6 in HGC-27 and BGC-823 cells. While AG490 treatment,
a Janus Kinase (JAK) inhibitor, showed the opposite effect. Therefore, our research demonstrated the positive cor-
relation between p-STAT3 and CCND1 in GC cells. The constitutive activation of STAT3 and CCND1 overexpression

accounted for the proliferation, migration and invasion in GC cells.
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Introduction

Gastric carcinoma is one of the most common
cancers which occurs worldwide with a relative-
ly high mortality [1, 2]. In addition, the severity
of GC is hard to determine because of its
metastasis and the lack of early diagnostic
techniques. There are many factors leading to
the migration and invasion of gastric cancer
cells, including STAT3 and interleukin-6 (IL-6).

STAT3 belongs to a family of transcription fac-
tors which play an important role in cytokine
signaling [3], including epidermal growth factor
(EGF) and IL-6 [4]. In a typical STAT3 signal
pathway, STAT3 is activated by Janus kinase
(JAK) in response to the stimulation of growth
factor or cytokine and phosphorylated in the
site of Y™, a specific tyrosine residue in the
C-terminal domain of STAT3 [5-7]. Subsequently,
the phosphorylated STAT3 dimerizes through
the mutual interaction of SH2 domain [8].
STAT3 dimers transfer their location from the
cytoplasm to the nucleus and bind to specific

DNA response elements, thereby, regulating
the expression of target genes [5-7].

A number of endogenous protein regulators
have been reported to inactivate the STAT sig-
naling, such as the suppressors of cytokine sig-
naling (SOCS) family [9]. Therefore, in normal
conditions, the activation of STAT3 is transient
and strictly controlled [10]. However, many
potential upstream factors can contribute to
the activation of STAT3 [9] and the IL-6/JAK/
STAT3 pathway is closely related [11]. It is wide-
ly reported that STAT3 is consistently activated
in a variety of cancers such as multiple myelo-
ma, lung cancer, as well as several kinds of gas-
tric cancer cells [12, 13]. In addition, the effects
of STAT3 in the initiation, development and pro-
gression of cancers have been verified, includ-
ing proliferation, anti-apoptosis, invasion and
angiogenesis [12].

The activated STAT3 complex promotes the
transcription of many STAT3 target genes [14],
and the increased expression of CCND1 associ-
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Table 1. Primers used for qRT-PCR

TaKaRa) according to the protocol.

Oligonucleotide sequence

Quantitative PCR was performed

Gene
Forward (5’-3’)

Reverse (5’-3)

on a CFX Connect system (BioRad)

CCND1 GCGGAGGAGAACAAACAGAT

GAGGGCGGATTGGAAATGA

using FastStart Essential DNA
Green Master (Roche). Each 20 pl

GAPDH GGTGTGAACCATGAGAAGTATGA GAGTCCTTCCACGATACCAAAG

ated with consistently activated STAT3 has
been reported in head and neck cancer and
breast cancer [15, 16]. CCND1 is of vital impor-
tance in the cell cycle which interacted with the
cyclin-dependent kinases 4/6 (CDK4/6) to form
a complex and mediates the progress of pro-
gressing through the G1 phase [17]. Abnormal
expression of CCND1, which accelerates cell
cycle progression, is closely associated with a
variety of tumors and may lead to tumorigene-
sis [18].

In this study, we investigate the expression of
STAT3 and CCND1 in gastric cancer cells and
normal gastric epithelial cells, and then explore
the effect of JAK/STAT3 signaling pathway on
the expression of CCND1 and proliferation,
apoptosis, invasion of gastric cancer cells.

Materials and methods
Cell culture and treatment

Human GC cell lines HGC27, BGC823, MGC803,
SGC7901 and one normal gastric epithelial cell
GES-1 were obtained from the Chinese Acade-
my of Sciences (Shanghai, China). RPMI1640
(HyClone) with 10% fetal bovine serum (FBS,
GIBCO), 2 mM L-Glutamine, 100 U/ml, and 100
ug/ml streptomycin was used for the cell cul-
ture at 37°C in a humidified atmosphere con-
taining 5% CO,. The medium was changed
every 2 days. Cells were treated with IL-6 (100
ng/ml, sigma) or AG490 (50 pmol/I, sigma),
and then harvested or detected at indicated
time.

RNA extraction and quantitative reverse tran-
scription PCR (qRT-PCR)

Primers used for qRT-PCR are shown in Table 1.
Cells were cultured, handled as indicated, and
harvested at the indicated time. Total RNA was
extracted from cell precipitation using TaKaRa
MiniBEST Universal RNA Extraction Kit accord-
ing to the manufacturer’'s instructions. DNA
was removed with gDNA Eraser. Well prepared
RNA was reverse transcribed with a Prime-
Script™ RT reagent kit (Perfect Real Time,
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PCR mixture included 1 ul cDNA,
10 pl 2xgPCR mix, and 250 nM
forward and reverse primer. Reaction mixtures
were denatured at 95°C for 5 min, followed by
40 three-step cycles of 95°C for 10 s, 60°C for
15sand 72°C for 20 s. Melt curve analysis was
carried out after the amplification. Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH)
was used as an internal standard for target
gene expression levels.

Western blot

Cells were treated with IL-6 (100 ng/ml) or
AG490 (50 pmol/l) and then detected at indi-
cated time. Cells used for Western Blot (WB)
were lysed in cell lysis buffer (PO013, Beyotime,
Shanghai, China) and total protein concentra-
tions were determined using the BCA assay kit
(Beyotime, Shanghai, China). The same amount
of total cell protein was used to run SDS-PAGE
and transferred to NC membrane (Millipore).
The membranes were then blocked with 5%
non-fat milk in TBST for 1 h at room tempera-
ture. Each membrane was then incubated with
various primary antibodies overnight at 4°C,
including anti-pSTAT3 (1:1000, CST, 8204, rab-
bit), anti-STAT3 (1:1000, AtaGenix, atal7461,
rabbit), anti-CCND1 (1:1000, AtaGenix, atal12-
63, rabbit), anti-GAPDH (1:5000, AtaGenix,
atal7456, rabbit) at 4°C overnight. After wash-
ing for five times with TBST, the membrane was
incubated with the corresponding secondary
antibody conjugated with HRP (1:5000, Ata-
Genix, atal7817) for 1 h at room temperature.
GAPDH was used for the internal control.

MTT assay

The effects of IL-6 and AG490 on gastric cell
HGC27 and BGC823 proliferation were ass-
essed by MTT. Cells were seeded in a 96-well
plate (5x10° cells/well, five wells per group)
and allowed to attach overnight. Cells were
treated with IL-6 (100 ng/ml) or AG490 (50
pmol/l) for 24-72 h. Then, the proliferative
activity was determined by adding 20 yl MTT
solution [3-(4,5-dimethylthiazol-2-yl)- 2,5-diphe-
nyltetrazolum bromide, 5 mg/ml, Sigma, St.
Louis, MO, USA] to each well. After incubation
at 37°C for 4 h, the supernatant was discarded

Am J Transl Res 2017;9(12):5671-5677



STAT3 and cyclin D1 in gastric cancer

A o B_
n O o 0O (] ]
0
6 2 8 2 & 220
<
P-STAT3 M tmmey som e 7 |
. X1,
STATS e s S > — 51 o
Q
CCND1 = e s s O
2 0.5
GAPDH s
@ g
©

GES-1

Figure 1. STAT3 is constitutively phosphorylated and CCND1 is overexpressed in
GC cells. A: The expression of p-STAT3 (Tyr705), STAT3 and CCND1 protein was
analyzed by Western blot. B: The expression of CCND1 mRNA in GES-1, HGC
and BGC. 2227 were shown. *P < 0.05, **P < 0.01, Student’s t test, compared

to GES-1.
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Samples were analyzed for
DNA content by flow cytom-
etry. The cell-cycle phases
were analyzed using Cyt-
Expert software. The exper-
iments were performed at
least three times and rep-
resentative results were
shown.
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Figure 2. Effects of IL-6 and AG490 on the expression of CCND1 and cell prolif-
eration of HGC27 and BGC823. A: Western blot analysis suggests IL-6 promotes
the expression of p-STAT3 and CCND1, and AG490 inhibits the expression of
p-STAT3 and CCND1. B: MTT result suggests IL-6 promotes cell proliferation and
AG490 inhibits cell proliferation in HGC27 and BGC823. *P < 0.05, **P < 0.01.

and 150 ul DMSO (Dimethyl sulfoxide, Sigma)
was added to each well. The plate was then
gently shaken for 10 min. The optical density
(OD) value was obtained at a wavelength of
490 nm.

Cell-cycle assays

Cells of HGC27 and BGC823 were seeded in a
24-well plate (1x10° cells/well, three wells per
group) and allowed to attach overnight. Cells
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assays

24-well plates with 8-um
polycarbonate membranes
transwells (Costar, 3422)
were used in the assay to
test migration and inva-
sion. The transwells were
coated with or without
Matrigel™ (20 ug/well, BD
Biosciences, 356234) for
cell migration or invasion.
To test the ability of cell
invasion induced by IL-6
and AG490, the treated
or untreated HGC27 and
BGC823 in RPMI-1640 with
1% FBS were seeded in the upper chamber
(1x105/well). The lower chamber was filled with
600 ul RPMI-1640 with 20% FBS. After 48 h
incubation at 37°C, cells in the upper cham-
bers were erased by cotton swab. Then 4% PFA
was used to fix the transwell chambers for 30
min and the cells were stained with crystal vio-
let (Beyotime, Shanghai, China). Cells on the
bottom chamber were photographed and the
numbers of cells were counted in 5 random
visual fields.
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Figure 3. Effects of IL.-6 and AG490 on cell cycle of HGC27 and BGC823. A: Cell-cycle analysis of IL.-6 or AG490
treated HGC after 48 h and the percentages of cell-cycle phases are shown. B: Cell-cycle analysis of IL-6 or AG490
treated BGC after 48 h and the percentages of cell-cycle phases are shown. *P < 0.05, **P < 0.01, compared to NC.

Figure 4. Effects of IL-6 and AG490 on GC cell migration and invasion. A, B:
Representative migration or invasion images of HGC-27 and BGC-823 treated
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al cell GES-1 were analyzed
by WB. The expression of
p-STAT3 was dramatically
higher in GC cells than
GES-1 while the amount of
STAT3 was almost the sa-
me (Figure 1A). In addition,
the protein of CCND1 was

E3 NC overexpressed in GC cells
EQIL-6 (Figure 1A). The gRT-PCR
B AG490

HGC

assay also indicated the
RNA level of CCND1 was
increased when compared
with GES-1 (Figure 1B).
Therefore, our research
suggested the constitutive
activation of STAT3 and the
positive association betw-
een p-STAT3 and CCND1 in
several GC cells.

BGC

with IL-6 or AG490. Cell numbers were counted in five random fields. *P < 0.05,

**P < 0.01, compared to NC.

Results

STAT3 is constitutively phosphorylated and

CCND1 is overexpressed in GC cells

To investigate STAT3 activation in GC cells, cell
lysates from GC cell lines HGC27, BGC823,
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STAT3 signaling mediates

the expression of CCND1
and cell proliferation in HGC27 and BGC823
cells

Subsequently, we examined the effect of STAT3
signaling pathway on the expression of CCND1
and cell proliferation. IL-6, an activator of the
STAT3 signaling pathway and AG490, a Janus
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Kinase (JAK) inhibitor, were used in HGC27 and
BGC823 cells. In accordance with expecta-
tions, the result of WB showed the level of
phosphorylated STAT3 was upregulated or
downregulated respectively in a time depen-
dent manner by the treatment of IL-6 or AG490
(Figure 2A). Interestingly, the expression of
CCND1 shared the same changing trend with
pSTAT3 (Figure 2A). Furthermore, a MTT assay
was conducted to observe the effects of IL-6
and AG490 on the proliferation of HGC27 and
BGC823 cells. The promoted proliferation was
found in IL-6 treatment but the inhibited prolif-
eration was shown in AG490 treatment and
there was a significant difference at both 48 h
and 72 h after treatment (Figure 2B). Thus, the
STAT3 signaling positively mediates the expres-
sion of CCND1 and cell proliferation in HGC27
and BGC823 cells.

IL-6 promotes cell cycle progress of HGC27
and BGC823 while AG490 inhibits

To determine the relationship between STAT3
signaling pathway and cell cycle progress,
HGC27 and BGC823 cells were treated with
IL-6 or AG490 for 48 h and a cell cycle assay
was performed using a flow cytometer. The
ratio of GO/G1 phase was deceased while the S
phase was increased by IL-6 treatment (Figure
3), indicating the positive role of IL-6 in the cell
cycle transfer from G1 to S phase. But the
result of AG490 was opposite (Figure 3). These
results suggest the positive role of STAT3 sig-
naling pathway in the cell cycle progress, lead-
ing to the cell cycle transition from G1 to S
phase.

IL-6 promotes migration and invasion of
HGC27 and BGC823 while AG490 inhibits

The effects of IL-6 and AG490 on migration and
invasion ability of HGC27 and BGC823 cells
were analyzed using a transwell assay. The
numbers of migrated and invaded cells were
counted in five random fields after being treat-
ed with or without IL-6 or AG490 for 48 h. The
total number of cells of which migrated or
invaded in the IL-6 group was significantly high-
er than the number of migrating or invading
cells in the control group (Figure 4). However,
the total number cells of migrating or invading
in the AG490 group was significantly lower than
the number of migrating or invading cells in the
control group (Figure 4). This shows that the
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presence of STAT3 in the signaling pathway pro-
motes migration and invasion in HGC27 and
BGC823 cells.

Discussion

The abnormal activation of STAT3 has attract-
ed a lot of attention in cancer research.
Phosphorylation of STAT3 is required for its
activation and results in dimerization, nuclear
translocation, DNA binding, and transcriptional
activation of target genes. The p-STAT3 may not
only promote proliferation, anti-apoptosis, inva-
sion and angiogenesis but can also produce
resistance to conventional therapies [12, 19].
Therefore, it is important to conduct further
study on the STAT3 signaling pathway.

In this study, we initially investigated the expres-
sion of p-STAT3 in several GC cell lines as well
as one normal gastric epithelial cell line, GES-1.
Results showed the p-STAT3 level was obvious-
ly higher in GC cells than GES-1. But the STAT3
was also slightly phosphorylated in GES-1.
Activation of STAT3 signaling regulates the
expression of numerous genes [20, 21].
Consistently activated STAT3 and its correla-
tion with upregulation of CCND1 has been
reported before [15, 16], and Leslie et al. [16]
verified that activated STAT3 associates with
the cyclin D1 promoter and regulates its expres-
sion. Our research has also confirmed the posi-
tive relationship between activated STAT3 and
overexpressed CCND1 in RNA and protein level
in GC cells.

Next, we investigated whether activating or
inhibiting the STAT signaling pathway affected
the expression of CCND1, cell proliferation and
the cell cycle. IL-6 and AG490, two different fac-
tors playing opposite roles in STAT signaling
pathway, were used. Our results demonstrated
that raising the expression of CCND1 correlat-
ed with accelerated cell proliferation and cell
cycle in the IL-6 group compared with the NC
group. However, the treatment of AG490
showed the opposite effect.

The JAK/STAT pathway plays an important role
in GC and the disordered activation of STAT
may be due to multiple reasons. For example,
To et al. reported downregulation of SOCS-1 by
hypermethylation activates the JAK/STAT path-
way in GC [22]. Ouyang et al found that over-
expression of GKN2 can increase apoptosis,
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reduce proliferation and invasion ability of gas-
tric cancer cells as a result of down-regulated
JAK2/STAT3 signaling pathway [23]. Further-
more, the role of IL-6 in mediating the pathway
of JAK-STAT3 has also been verified [24]. The
increased cell proliferation by p-STAT3 has
been widely reported [25-27]. In this study, we
found a positive association between activated
STAT3 and the expression of CCND1, which
may be responsible for the promoting effect
of proliferation and cell cycle progress by the
STAT3 signaling. Our results also showed the
promoted migration and invasion in HGC27 and
BGC823 cells. However, further studies are
required to clarify the cause of increased migra-
tion and invasion by activated STAT3.

In conclusion, STAT3 is constitutively activated
in human GC cell lines HGC27, BGC823,
MGC803 and SGC7901. Activation of the JAK/
STAT3 pathway promotes the expression of
CCND1 at RNA and protein level. The overex-
pression of CCND1 may be a reason for the
accelerated proliferation and cell cycle prog-
ress. The JAK/STAT3 pathway also mediates
the migration and invasion in HGC27 and
BGC823 cell lines. The inhibition of STAT3 sig-
naling may be a potential treatment on gastric
cancer.
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