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Abstract: Chronic gastritis was a chronic inflammatory condition of gastric mucosa, which has been considered as
one of the most common disease in the general population of China. The traditional Chinese medicine Weifuchun
was widely used in treatment of chronic gastritis in China. However, the mechanisms underlying the treatment of
atrophic gastritis by Weifuchun remain poorly understood. In the present study, we have collected 10 non-atrophic
gastritis, intestinal atrophic gastritis and dysplasia atrophic gastritis gastric samples expectedly by gastroscope.
Compared to non-atrophic gastritis, the methylation level of RUNX3 in intestinal atrophic gastritis and dysplasia
atrophic gastritis was much higher. Next, we found the mRNA and protein level of RUNX3, Smad2, p-Smad3/4,
TGF-beta2, and p21 were up-regulated while Bim and Foxo3 were down-regulated in above groups. Further, we col-
lected gastric samples from 10 atrophic gastritis patients before and after they took Weifuchun. The result shown
that the mRNA and protein level of RUNX3, smad2, p-smad3/4, TGF-beta2 and p21 were downregulated and bim,
foxo3 were upregulated after taking Weifuchun. These findings may be utilized in developing novel therapeutic tools

for atrophic gastritis.
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Introduction

Chronic gastritis [1], a chronic inflammatory
condition of gastric mucosa, was considered as
one of the most common disease in the general
population of China [2]. In addition, Helicobacter
pylori induced atrophic gastritis is epidemio-
logically associated with the occurrence of gas-
tric cancer [3, 4]. It is estimated the patients
with premalignant gastric lesions carry a signifi-
cant risk of gastric cancer within 10 years of
follow-up, and the annual incidence of gastric
cancer was 0.1% for patients with atrophic gas-
tritis within 5 years after diagnosis [1, 5].
Though there seems to be a worldwide decline
in the overall incidence of gastric cancer, the
public health burden of gastric cancer remains
significant, and it is still the fourth in cancer
incidence and the second leading cause of can-
cer-related mortality worldwide. Erosive gastri-
tis is caused by damage to the gastric mucosa
with a depressed area due to erosion on the

hemispheric nodule. Although the pathophysiol-
ogy of erosive gastritis has not been clarified
yet, it is thought to occur because of an imbal-
ance between the defenses of the stomach
wall and offensive factors in the stomach. The
defenses of the stomach wall include mucus,
bicarbonate, tissue regeneration ability and
mucosal blood flow, while the offensive factors
include gastric acid, pepsin, nonsteroidal anti-
inflammatory drugs, alcohol and Helicobacter

pylori [6].

Runt-related transcription factor 3 (RUNX3) is
a functionally important transcription factor of
the TGF-B-mediated signaling pathway [7, 8].
RUNX3 binds directly to Smads, major media-
tors in the transforming growth factor-beta
(TGF-B)/BMP signaling pathway, which leads
to synergistic activation of the Immunoglobu-
lin Ca promoter [9]. upon stimulation by TGF-,
RUNX3 cooperates with Smads to directly
upregulate targets related to cell-growth inhibi-
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Table 1. Primer sets for gPCR analysis

and resistance to ch-

Gene Forward Reverse

bp emotherapeutic drugs.

RUNX3  GCAGGCAATGACGAGAACTA
Smad2 CACACCGAGATCCTAACAGAAC

CAGTGATGGTCAGGGTGAAA 136
AGGTGGCGTTTCTGGAATATAA 120

However, the mecha-
nism of RUNX3 hyper-
methylation in intestinal

Smad3 CCTGAGTGAAGATGGAGAAACC  GGCTGCAGGTCCAAGTTATTA 117

atrophic gastritis and

Smad4 TCCAGCATCCACCAAGTAATC GCAGTGCTGGTAGCATTAGA 91 dysplasia atrophic gas-
p21 GCGATGGAACTTCGACTTTG GTGGGAAGGTAGAGCTTGG 99 tritis was still unclear.
Bim CAGATATGCGCCCAGAGATATG GTCTTCGGCTGCTTGGTAAT 113

Foxo3 ~ CGTGCCCTACTTCAAGGATAAG ATTCTGGACCCGCATGAATC 106 The Chinese medicine

TGF-B2R CGTGTGCCAACAACATCAAC

TGCTTCAGCTTGGCCTTATAG 106
GAPDH CAGGGCTGCTTTTAACTCTGGTAA GGGTGGAATCATATTGGAACATGT 101

Weifuchun was a tradi-
tional medicine in the

Table 2. Primer sets for MSP analysis

treatment of chronic
gastritis and gastric ca-
ncer. It mainly contains

Gene Forward Reverse

bp Radixginsengrubra and

RUNX3-M ATAATAGCGGTCGTTAGGGCGTCG GCTTCTACTTTCCCGTTCTCGCG 115
RUNX3-U ATAATAGTGGTTGTTAGGGTGTTG  ACTTCTACTTTCCCACTTCTCACA 115

Rabdosia amethystoi-
des Hara [19]. Howev-

tion [10-12]. TGF-B2 is a secreted protein
known as a cytokine that performs many ce-
llular functions and has a vital role during
embryonic development [13]. Much of the cel-
lular response to TGF-B2 involves the Smad-
dependent signaling pathway, which is acti-
vated by receptor-activated Smad (R-Smad,
Smad?2, and Smad3) phosphorylation [14]. The
Smad2/3 complex combines with Smad4 and
is then translocated into the nucleus, where
target gene expression regulation is initiated
[15]. Furthermore, cell cycle arrest by TGFf
involves suppression of the oncogene Myc, a
repressor of the CDK inhibitors p21 [16].

RUNX3 acts as a tumor suppressor in many
cancers, including stomach, bladder, breast,
lung, brain, colorectal, pancreatic, and hepato-
cellular carcinoma. In these cancers, RUNX3
inhibits oncogenic Wnt signaling by interacting
with B-catenin and promotes TGF-B-induced
growth inhibition by interacting with SMAD3/
SMAD4 [11]. In contrast, RUNX3 reportedly
plays an oncogenic role in basal cell carcinoma
and epithelial ovarian cancer. In head and neck
cancers, the role of RUNX3 is controversial.
Several studies have demonstrated that RUNX3
expression correlates with cancers [17], and
the survival rate of patients with lower RUNX3
expression is significantly decreased compar-
ed with that of patients with higher expres-
sion [18]. Other studies have indicated an onco-
genic function for RUNX3 in head and neck can-
cer. RUNX3 expression correlates well with
poor differentiation, invasiveness, metastasis,

7988

er, the mechanisms un-
derlying the treatment
of atrophic gastritis by Weifuchun remains
unclear.

In the present study, we have investigated the
mechanism of traditional Chinese medicine
Weifuchun involved in atrophic gastritis. The
results showed that symptoms were significant-
ly relieved after taking Weifuchun. We further
found that Weifuchun alleviate the progress of
atrophic gastritis by regulating the RUNX3
methylation and RUNX3/TGF-beta/smad sig-
naling pathway.

Materials and methods
The tissues from patients

Gastric tissue samples were obtained from 10
non-atrophic gastritis, Intestinal atrophic gas-
tritis and dysplasia atrophic gastritis patients
at Wuxi hospital of TCM, affiliated to Nan-
jing University of TCM. Gastric tissue samples
were collected from 10 atrophic gastritis pa-
tients before and after taken traditional Chi-
nese medicine Weifuchun for 2 months by gas-
troscope. Written informed consent was ob-
tained from each patient, and the use of clinical
specimens was approved by the Institutional
Ethics Committee. Weifuchun was purchased
from Hu Qingyutang (Hangzhou, China).

Immunohistochemistry
The patient tissue samples were fixed in 10%

neutral buffered formalin for 48 h. The samples
were then embedded in paraffin and cut into 6
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(PBST) for 3-5 min, and finally
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Figure 1. The methylation level of RUNX3 in atrophic gastritis tissues. A. The
methylation level of runx3 detected by MSP. B. The methylation level of Intes-
tinal atrophic gastritis was 57.5% and dysplasia atrophic gastritis was 87.5%.
The methylation of Non atrophic gastritis tissues was 32.5%. NA: Non-atro-
phic gastritis; IA: Intestinal atrophic gastritis; DA: dysplasia atrophic gastritis.

*means P<0.05, **means P<0.01.
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incubated with secondary an-
tibody (Dako EnVision + per-
oxidise Rabbit; Code: K40-
02; Carpentaria, CA) at room
temperature for 30 min. The
bound antibodies were de-
tected using DakoCytomation
Envision + system-HRP labe-
lled polymer. The sections
were washed, saturated with
3, 30-diaminobenzidine tetra
hydrochloride for 3 min, and
then counterstained with ha-
ematoxylin. Antibodies used
in the experiment includes:
smad4 (ab40579, abcam),
bim (ab32158, abcam), foxo3
(ab12162, abcam), p-smad
2/3 (8828, cell signaling),
RUNX3 (ab11905, abcam),
p21 (ab109520, abcam), TGF-
beta2 (ab36495, abcam).

Realtime quantitative RT-PCR

Total RNA was isolated from
human tissue samples by
using Trizol reagent (Invitro-

Figure 2. RUNX3/TGF-beta/smad signaling was inhibited in atrophic gastri-
tis. A. mRNA expression level of RUNX3, smad2, smad3, smad4, TGF-beta2,
p21 in intestinal atrophic gastritis and dysplasia atrophic gastritis downregu-
lated compared to non-atrophic gastritis. And the bim and foxo3 were up-
regulated. B. The protein expression levels of RUNX3, smad2, p-smad3/4,
TGF-beta2, p21 were decreased compared to non-atrophic gastritis. And
the expression levels of bim and foxo3 were upregulated. *means P<0.05,

**means P<0.01.

pm sections and stained with haematoxylin
and eosin (H&E) to visualize general morpholo-
gy. For stomach metastasis analysis, five step
sections of the entire stomach separated by
50 um were examined and metastases were
counted. Stomach metastasis was identified by
microscopic analysis of H&E sections of 6 pym.
For immunohistochemistry, the sections were
deparaffinized and incubated in 0.3% hydro-
gen peroxide in methanol for 10 min at room
temperature to block endogenous peroxida-
se activity. After incubation in normal block-
ing serum for 30 min, sections were incubated
with primary antibody at 37°C overnight. Fo-
llowed by washing three times in phosphate-
buffered saline supplemented with Triton X-100
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gen, Carlsbad, CA) according
to the manufacturer’s proto-
col. The first-strand comple-
mentary miRNA was synthe-
sized using oligo dT from tot-
al RNA using the PrimeScript
RT master Mix Perfect Real
Time (Takara, Dalian, China).
MRNA expression level was
detected by real time PCR
using SYBR green (Takara, Dalian, China) on
ABI stepine plus real time PCR system. GAPDH
served as loading control. The primers were
shown in Table 1.

Western blot

The gastric tissues were lysed in RIPA lysis buf-
fer (50 mM Tris (pH 7.4), 150 mM NaCl, 1%
NP-40, 0.5% sodium deoxycholate, 1 mM PMSF
and protease inhibitor cocktail) for 30 min on
ice, protein was quantificated with BCA protein
assay kit (Beyotime, Shanghai, China), then 1/6
volumes of 6 x SDS-loading buffer (Beyotime,
Shanghai, China) was added to denaturing the
protein. Equal amounts of protein were sepa-
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Non dysplasia intestinal Non dysplasia intestinal
atrophicgastritis atrophicgastritis  atrophicgastritis atrophicgastritis  atrophicgastritis  atrophicgastritis
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p21 TGF-B2
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Figure 3. The immunohistochemistry result showed the RUNX3, smad2, p-smad3/4, TGF-beta2, p21 expression levels of atrophic gastritis were decreased com-
pared to non-atrophic gastritis. And the expression levels of bim and foxo3 were upregulated.
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ed using Wizard DNA purifi-
cation resin according to the
manufacturer’'s instructions
(Promega). Samples were el-
uted with 50 pl of water, and
modification was completed
by 0.3 M NaOH treatment for
5 min at room temperature,
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; ) €
o= O wW O
I L S S (N

o

protein expression level O
=

Figure 4. After taking Weifuchun, atrophic gastritis patients RUNX3/TGF-
beta/smad signal was activated. A. The mRNA expression level of smad2,
smad3, smad4, RUNX3, TGF-beta2, p21 was upregulated when the atrophic
gastritis patient took Weifuchun. And bim and foxo3 were downregulated. B.
The protein of smad2, smad3, smad4, RUNX3, TGF-beta2 and p21 were also
increased and bim, foxo3 decreased after taken Weifuchun. C. Quantitative

foxo03 G S D SR G S —

GAPDH S GEED G SIS GEED W S —

followed by ethanol precipita-
tion. The DNA was resuspend-
ed in water and used immedi-
ately or stored at -20°C. The
sequences of the primers and
annealing temperatures are
summarized in Table 2. Ne-
gative control samples with-
out DNA were included for
each set of PCR. Each PCR
product (10 pl) was directly
loaded onto 2% agarose gel,
stained with ethidium bro-

protein expression level of smad2, smad3, smad4, RUNX3, TGF-beta2 and

p21. *means P<0.05, **means P<0.01.

rated by SDS-PAGE and transferred to polyvi-
nylidene fluoride (PVDF) membrane (Millipore,
Billerica, MA). The blots were blocked with 5%
BSA (Albumin from bovine serum, Beyotime,
Shanghai, China) and incubated with indicat-
ed antibodies. The Immobilon Western blot
detection system (Millipore, Billerica, MA) was
used to detect bound antibodies. Antibodies
used in the experiment includes: smad4
(@b40579, abcam), bim (ab32158, abcam), fo-
x03 (@ab12162, abcam), p-smad2/3 (8828, cell
signaling), RUNX3 (ab11905, abcam), p21
(@b109520, abcam), TGF-beta2 (ab36495, ab-
cam), GAPDH (ab8245, abcam), goat anti-
mouse 1gG HRP (m21001, Abmart, Shanghai,
China), goat anti-rabbit IgG HRP (m21002,
Abmart, Shanghai, China).

Bisulfite modification and methylation-specific
PCR

Bisulfite modification was performed by using a
DNA modification kit (Intergen). DNA (1 ug) in
a volume of 100 pl was denatured by 0.2 M
NaOH for 10 min at 37°C. Salmon sperm DNA
(1 pg) (Sigma) was added as a carrier before
modification. In all, 550 pl of freshly prepared 3
M sodium bisulfite (pH 5) was added and mix-
ed with the samples, which were then incubat-
ed at 50°C for 16 h. Modified DNA was purifi-
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mide, and directly visualized
under UV illumination.

Statistics analysis

The results were determined as mean + SD of
three independent experiments, in which each
assay was performed in triplicate. P-values cal-
culated by student’'s T test using SPSS 16.0
software and less than 0.05 were considered
statistically significant. The statistical analysis
of differences between discrete data was ana-
lyzed by student’s T test. P<0.05 was consid-
ered statistically significant. All statistical anal-
yses were performed using the SPSS 16.0
software.

Results

The methylation level of RUNX3 in atrophic
gastritis tissues

Intestinal atrophic gastritis and dysplasia atro-
phic gastritis were two main types of atrophic
gastritis. 40 Intestinal atrophic gastritis and
dysplasia atrophic gastritis patients’ tissues
were collected with endoscope. Non-atrophic
gastritis tissues were used as internal control.
We conducted Bisulfite modification and
Methylation-Specific PCR to detect the methyl-
ation level of RUNX3. The methylation level of
Intestinal atrophic gastritis was 57.5% and dys-
plasia atrophic gastritis was 87.5%. However,

Int J Clin Exp Med 2018;11(8):7987-7994
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the methylation of non-atrophic gastritis tis-
sues was 32.5% (Figure 1A and 1B).

RUNX3/TGF-beta/smad signaling was inhib-
ited in atrophic gastritis

TGF-beta/smad signaling was a key signaling
pathway in cell proliferation, metastasis, tumor
formation et al. In Figure 2A, we found mRNA
expression level of RUNX3, smad2, smad3,
smad4, TGF-beta2 in intestinal atrophic gastri-
tis and dysplasia atrophic gastritis downregu-
lated compared to non-atrophic gastritis. In
Figure 2B, western blot was conducted, the
protein expression levels of RUNX3, smad2,
p-smad3/4, TGF-beta2 were decreased com-
pared to non-atrophic gastritis. We also found
RUNX3, smad2, p-smad3/4, TGF-beta2 were
downregulated by Immunohistochemistry in
intestinal atrophic gastritis and dysplasia atro-
phic gastritis (Figure 3).

In Figure 4A, real time PCR was conducted,
compare to gastritis, the Chinese medicine tr-

7992

Weifuchun

RUNX3

atrophicgastritis Weifuchun

Figure 5. The immunohistochemistry result showed
the RUNX3, smad2, p-smad3/4, TGF-beta2, p21
protein expression levels were increased after tak-
ing Weifuchun. However the expression levels of
bim and foxo3 were downregulated.

eated atrophic gastritis patients showed low
er expression of RUNX3, smad2, smad3, sm-
ad4, TGF-beta2. And Western blot (Figure 4B
and 4C), immunohistochemistry (Figure 5) were
also showed downregulated expression of RU-
NX3, smad2, p-smad3/4, TGF-beta2 in Chinese
medicine treated atrophic gastritis patients.

The role of Chinese medicine in apoptosis
regulation in atrophic gastritis

Foxo3 was an important transcription factor
and participated apoptosis regulation. Bim and
p21 were both key protein in the process of
proapoptosis. We found the mRNA expression
of foxo3, bim, p21 were downregulated in intes-
tinal atrophic gastritis and dysplasia atrophic
gastritis compared to atrophic gastritis, detect-
ed by real time PCR (Figure 2A). In Figures 2B
and 3, the protein expression level of foxo3,
bim and p21 were decreased in intestinal atro-
phic gastritis and dysplasia atrophic gastritis
by Western blot and immunohistochemistry.
The Chinese medicine treated gastritis patients

Int J Clin Exp Med 2018;11(8):7987-7994
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showed lower expression of foxo3, bim and p21
compared to gastritis patients (Figures 4, 5).

Discussion

RUNX3 was a functionally important transcrip-
tion factor of the TGF-B-mediated signaling
pathway and acted as a tumor suppressor in
many cancers [20-22]. RUNX3 promoter hyper-
methylation were associated to lung cancer
[23], breast cancer [21], and esophageal squa-
mous cell carcinoma [24] progression. In gas-
tric cancer, step cumulation of RUNX3 methyla-
tion mediated by Helicobacter pylori infection
contributed cancer progression. Here we sh-
owed, the methylation level of intestinal atro-
phic gastritis was 57.5% and dysplasia atrop-
hic gastritis was 87.5%, the methylation of non-
atrophic gastritis tissues was 32.5%. Atrophic
gastritis patients showed hypermethylation
compared to non-atrophic gastritis patients.
The TGF-B superfamily consists of highly pleio-
tropic molecules including activins, inhibins,
BMPs (Bone morphogenic proteins), GDFs (Gr-
owth differentiation factors) and GDNFs (Glial-
derived neurotrophic factors), and exerts mul-
tiple biological functions in renal inflammation,
fibrosis, cell apoptosis, and proliferation. In this
paper we found in intestinal atrophic gastritis
and dysplasia atrophic gastritis RUNX3/TGF-
beta/smad signal was inhibited compared to
non-atrophic gastritis.

Apoptosis was a highly regulated and controlled
process that confers advantages during an
organism’s lifecycle [25]. Apoptosis was a self-
protective mechanism, and Foxo3, Bim and
p21 were play significant roles in apoptosis. In
this paper, we found in the Chinese medicine
treated gastritis patients showed lower expres-
sion of foxo3, bim and p21 compared to gastri-
tis patients. The Chinese medicine Weifuchun
inhibited atrophic gastritis cell apoptosis, pro-
tected and promoted to cell survival.

The Chinese medicine Weifuchun was a tradi-
tional medicine in the treatment of chronic gas-
tritis and gastric cancer. Huang group had
found Weifuchun on inhibiting inflammation of
Helicobacter pylori-infected GES-1 cells and by
inhibiting NF-kappaB signaling pathway [19]. In
this paper, we have found, in atrophic gastritis,
Weifuchun activates RUNX3/TGF-beta/smad
signal.

In conclusion, we compared the RUNX3 meth-
ylation and RUNX3/TGF-beta/smad signal pa-
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thways and apoptosis pathway related protein
expression in vivo in this study. We found in
intestinal atrophic gastritis and dysplasia atro-
phic gastritis, the methylation of RUNX3, TGF-
beta/smad signal decreased expression com-
pared to non-atrophic gastritis. And in Chinese
medicine Weifuchun treated patients, RUNX3,
TGF-beta/smad signal related protein was up-
regulated compared to atrophic gastritis.

Disclosure of conflict of interest
None.

Address correspondence to: Shikai Zhu, Wuxi
Hospital of TCM, Affiliated to Nanjing University of
TCM, Wuxi 214001, Jiangsu Province, China. Tel:
+86-510-88859999; E-mail: zhushikaill15@126.
com

References

[1] Ang TL and Fock KM. Clinical epidemiology of
gastric cancer. Singapore Med J 2014; 55:
621-628.

[2] Wong BC, Lam SK, Wong WM, Chen JS, Zheng
TT, Feng RE, Lai KC, Hu WH, Yuen ST, Leung SY,
Fong DY, Ho J, Ching CK, Chen JS; China Gas-
tric Cancer Study Group. Helicobacter pylori
eradication to prevent gastric cancer in a high-
risk region of China: a randomized controlled
trial. JAMA 2004; 291: 187-194.

[3] Miwa H, Go MF and Sato N. H. pylori and gas-
tric cancer: the Asian enigma. Am J Gastroen-
terol 2002; 97: 1106-1112.

[4] Singh K and Ghoshal UC. Causal role of helico-
bacter pylori infection in gastric cancer: an
Asian enigma. World J Gastroenterol 2006; 12:
1346-1351.

[5] Sipponen P, Kekki M, Haapakoski J, Inamaki T
and Siurala M. Gastric cancer risk in chronic
atrophic gastritis: statistical calculations of
cross-sectional data. Int J Cancer 1985; 35:
173-177.

[6] Katelaris PH, Forbes GM, Talley NJ and Crotty
B. A randomized comparison of quadruple and
triple therapies for helicobacter pylori eradica-
tion: the quadrate study. Gastroenterology
2002; 123: 1763-1769.

[7] Kim TY, Lee HJ, Hwang KS, Lee M, Kim JW,
Bang YJ and Kang GH. Methylation of RUNX3
in various types of human cancers and prema-
lignant stages of gastric carcinoma. Lab Invest
2004; 84: 479-484.

[8] LiQL, Ito K, Sakakura C, Fukamachi H, Inoue K,
Chi XZ, Lee KY, Nomura S, Lee CW, Han SB,
Kim HM, Kim WJ, Yamamoto H, Yamashita N,
Yano T, |keda T, Itohara S, Inazawa J, Abe T,
Hagiwara A, Yamagishi H, Ooe A, Kaneda A,
Sugimura T, Ushijima T, Bae SC and Ito Y. Caus-

Int J Clin Exp Med 2018;11(8):7987-7994


mailto:zhushikai1115@126.com
mailto:zhushikai1115@126.com

(9]

[10]

(11]

[12]

[13]

(14]

[15]

(16]

(17]

Effect of Weifuchun on regulating atrophic gastritis

al relationship between the loss of RUNX3 ex-
pression and gastric cancer. Cell 2002; 109:
113-124.

Shi MJ and Stavnezer J. CBF alpha3 (AML2) is
induced by TGF-betal to bind and activate the
mouse germline Ig alpha promoter. J Immunol
1998; 161: 6751-6760.

Kawabata M, Imamura T, Inoue H, Hanai J,
Nishihara A, Hanyu A, Takase M, Ishidou Y,
Udagawa Y, Oeda E, Goto D, Yagi K, Kato M and
Miyazono K. Intracellular signaling of the TGF-
beta superfamily by Smad proteins. Ann N Y
Acad Sci 1999; 886: 73-82.

Chi XZ, Yang JO, Lee KY, Ito K, Sakakura C,
Li QL, Kim HR, Cha EJ, Lee YH, Kaneda A, Ush-
ijima T, Kim WJ, Ito Y and Bae SC. RUNX3
suppresses gastric epithelial cell growth by in-
ducing p21 (WAF1/Cipl) expression in coop-
eration with transforming growth factor {beta}-
activated Smad. Mol Cell Biol 2005; 25:
8097-8107.

Seo GY, Park SR and Kim PH. Analyses of TGF-
betal-inducible Ig germ-line gamma2b pro-
moter activity: involvement of Smads and NF-
kappaB. Eur J Immunol 2009; 39: 1157-1166.
Lu J, Wu Y, Sousa N and Almeida OF. Smad
pathway mediation of BDNF and TGF beta 2
regulation of proliferation and differentiation
of hippocampal granule neurons. Develop-
ment 2005; 132: 3231-3242.

Derynck R and Zhang YE. Smad-dependent
and Smad-independent pathways in TGF-beta
family signalling. Nature 2003; 425: 577-584.
Massague J. TGF-beta signal transduction. An-
nu Rev Biochem 1998; 67: 753-791.

Datto MB, Li Y, Panus JF, Howe DJ, Xiong Y and
Wang XF. Transforming growth factor beta in-
duces the cyclin-dependent kinase inhibitor
p21 through a p53-independent mechanism.
Proc Natl Acad Sci U S A 1995; 92: 5545-
5549.

Yamamura Y, Lee WL, Inoue K, Ida H and Ito Y.
RUNX3 cooperates with FoxO3a to induce
apoptosis in gastric cancer cells. J Biol Chem
2006; 281: 5267-5276.

7994

(18]

[20]

(21]

[22]

(23]

[24]

[25]

Wei D, Gong W, Oh SC, Li Q, Kim WD, Wang L,
Le X, Yao J, Wu TT, Huang S and Xie K. Loss of
RUNX3 expression significantly affects the clin-
ical outcome of gastric cancer patients and its
restoration causes drastic suppression of tu-
mor growth and metastasis. Cancer Res 2005;
65: 4809-4816.

Huang X, Lu B, Zhang S, Meng LN, Chen BB
and Zhao M. Effect of Weifuchun on inhibiting
inflammation of helicobacter pylori-infected
GES-1 cells and NF-kappaB signaling pathway.
Zhongguo Zhong Xi Yi Jie He Za Zhi 2014; 34:
450-454.

Ito K, Liu Q, Salto-Tellez M, Yano T, Tada K, Ida
H, Huang C, Shah N, Inoue M, Rajnakova A,
Hiong KC, Peh BK, Han HC, Ito T, Teh M, Yeoh
KG and Ito Y. RUNX3, a novel tumor suppres-
sor, is frequently inactivated in gastric cancer
by protein mislocalization. Cancer Res 2005;
65: 7743-7750.

Lau QC, Raja E, Salto-Tellez M, Liu Q, Ito K, In-
oue M, Putti TC, Loh M, Ko TK, Huang C, Bhalla
KN, Zhu T, Ito Y and Sukumar S. RUNX3 is fre-
quently inactivated by dual mechanisms of
protein mislocalization and promoter hyper-
methylation in breast cancer. Cancer Res
2006; 66: 6512-6520.

Ku JL, Kang SB, Shin YK, Kang HC, Hong SH,
Kim 1J, Shin JH, Han 10 and Park JG. Promoter
hypermethylation downregulates RUNX3 gene
expression in colorectal cancer cell lines. On-
cogene 2004; 23: 6736-6742.

Li QL, Kim HR, Kim WJ, Choi JK, Lee YH, Kim
HM, Li LS, Kim H, Chang J, Ito Y, Youl Lee K and
Bae SC. Transcriptional silencing of the RUNX3
gene by CpG hypermethylation is associated
with lung cancer. Biochem Biophys Res Com-
mun 2004; 314: 223-228.

Long C, Yin B, Lu Q, Zhou X, Hu J, Yang Y, Yu F
and Yuan Y. Promoter hypermethylation of the
RUNX3 gene in esophageal squamous cell car-
cinoma. Cancer Invest 2007; 25: 685-690.
Chen M and Wang J. Initiator caspases in ap-
optosis signaling pathways. Apoptosis 2002; 7:
313-319.

Int J Clin Exp Med 2018;11(8):7987-7994



