Neoplasma 61, 3, 2014

291

doi:10.4149/neo_2014_037

ZNF139 promotes tumor metastasis by increasing migration and invasion
in human gastric cancer cells
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Zinc ﬁnger protein 139(ZNF139), a member of zinc ﬁnger protein family, is a transcription factor. Our previous research
showed ZNF139 was overexpressed in gastric cancer cells. The purpose of present study is to explore impact and mechanism
of ZNF139 on metastasis by regulating invasive ability of gastric cancer cells.
Quantitative RT-PCR(QRT-PCR) and Western blot were applied for detection of ZNF139 expression in gastric cancer
tissues, adjacent cancer tissues, metastatic lymph nodes, gastric cancer cell lines SGC7901 and BGC823 and gastric epithelial
cell line GES-1; siRNA speciﬁc to ZNF139 was synthesized and then transfected into gastric cancer cell line BGC823; wound
healing assay and Transwell assay were used to observe impact of ZNF139-siRNA after being transfected into BGC823 on
its invasion and migration; changes in expression of invasion and migration-related genes MMP-2, MMP-9, ICAM-1 and
TIMP1 were detected before and after transfection. Gelatin zymogrphy assay were applied to determine the MMP activities.
Statistical analysis was based on the SPSS11.5 software.
Expression of ZNF139 in gastric adenocarcinoma tissues and cells was signiﬁcantly higher than the expression in the
adjacent cancer tissues, but lower than the expression in the metastatic lymph nodes; ZNF139 expression was present in
gastric cancer cell lines, and the expression level was higher than that in normal gastric epithelial cells lines. ZNF139-siRNA
signiﬁcantly inhibited the invasion and migration activity of gastric cancer cell line BGC823. 48h after ZNF139-siRNA was
transfected into gastric cancer cell line BGC823, expression and activity of invasion-related genes MMP-2, MMP-9, ICAM-1
mRNA and protein were signiﬁcantly inhibited, while expressions of TIMP-1 mRNA and protein were signiﬁcantly increased.
At the same time, the gelatinase activities of MMP2 and MMP9 were decreased by ZNF139 interference.
ZNF139 was overexpressed in gastric cancer cells, and the expression was further enhanced in the metastasis process.
Knocking down ZNF139 expression in gastric cancer cells could eﬀectively reduce gastric cancer cell invasion and migration
ability, and this process might play a role by regulating MMP-TIMP balance.
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Gastric cancer is currently the second leading cancer
killer in the world. High incidence of gastric cancer exists
in east Asia, which is also the leading cause of death in malignant tumor in China. Gastric cancer has strong ability for
proliferation, invasion and metastasis, which is one of the
important factors that lead to poor prognosis. A variety of
genes in tumor cells and their expression products play an important role in the invasion and metastasis process of gastric
cancer [1-4]. It has been a hotspot to treat gastric cancer by
inhibiting invasion and migration capability of gastric cancer
cells, and the study has made some achievements [5-7]. But
there has yet not been a breakthrough in the research, so it is
of great signiﬁcance to look for new genes that can regulate

gastric cancer cell invasion ability for molecular targeted
therapy of gastric cancer.
Zinc ﬁnger protein 139(ZNF139), a molecule identiﬁed from diﬀerent diﬀerentiated gastric cancer tissues by
two-dimensional diﬀerence gel electrophoresis and MODITOF-MS technology in our previous research, is a member
of zinc ﬁnger protein family. Many members of zinc ﬁnger
protein family play regulatory roles in a variety of genes at
the transcriptional level, have important impacts on maintenance of normal life activities, and are closely related to
tumorigenesis, development, metastasis and drug tolerance.
Studies by Herman van Dekken et al [8] found that ZNF139
expression in adenocarcinoma at the esophagogastric junc-
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tion was increased, and was related to proliferation of tumor
cells. Study also conﬁrmed ZNF217 could promote tumor
progression by accelerating ovarian cancer cell proliferation
and invasion [9]; ZBP-89, a member of the Krüppel family,
was related to distant metastasis and prognosis of renal cell
carcinoma [10]. There were other studies that conﬁrmed that
the artiﬁcial transcription factor could be used for the detection of resistance genes and pathways, which might reverse
the drug tolerance of tumors [11]. But there had been no
report on relationship between ZNF139 and metastasis of
gastric cancer cell in migration and invasion ability. In order
to clarify the impact of ZNF139 on invasion and metastasis
of gastric cancer cells, ZNF139 expression were detected in
gastric cancer tissues, adjacent cancer tissues, metastatic
lymph node tissues, gastric cancer cell lines and normal gastric epithelial cell line; and RNA interference technology was
applied to the synthesis of ZNF139-siRNA, which was then
transfected into gastric cancer cell line BGC823, to observe
impact of inhibiting ZNF139 expression on gastric cancer
cell invasion and migration activity, and to further explore
the possible regulatory pathways.
Materials and methods
Patients and tissue specimens. 24 gastric adenocarcinoma tissue specimens were obtained from patients who
were identiﬁed as aggressive gastric adenocarcinoma at the
Fourth Aﬃliated Hospital of Hebei Medical University from
April 2010 to April 2011. The 24 patients included 15 male
and 9 female, with an average age of (61.8±9.2) years. Hematoxylin and eosin (HE) staining on tumor tissues was done to
determine histopathologic features. Samples were assigned
a histological grade based on the World Health Organization
(WHO) classiﬁcation criteria. Gastric adenocarcinoma tissue
specimens were divided into well diﬀerentiation and poor
diﬀerentiation groups, each group contain 12 samples. The
adjacent gastric mucosa tissues and metastasis lymph nodes
were also collected from each case. Tissue specimens were
preserved in 4% paraform or -80°C.
Cell culture. SGC7901 and BGC823 gastric cancer cell
lines were obtained from Chinese Academy of Sciences Cell
Bank and kept in our laboratory. All cell lines were cultured
in Dulbecco’s Modiﬁed Eagle Medium (DMEM) supplemented with 10% fetal calf serum (FCS) (Sigma Chemical, St.
Louis, MO), 100U/ml penicillin and 0.1 mg/ml streptomycin,
0.075% sodium bicarbonate and 200 μg/ml L-glutamine. All
the cells were maintained in 5% CO2 humidiﬁed atmosphere
at 37°C.
RNA interference. The cultured cells were grown to
50% conﬂuence, and then transfected with ZNF139-speciﬁc
siRNA (5’- ACCTCGGAAGATTCAGCAT-3’) or non-speciﬁc NS-siRNA (5’-GACGAGTTGACTGCGATTG-3’) using
Lipofectamine™ 2000 reagent (Invitrogen) according to the
manufacturer’s protocol. In brief, dilute siRNA oligomer in
50 µl Opti-MEM I Reduced Serum Medium without serum
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and antibiotics, and mix gently. Mix Lipofectamine™ 2000 gently before use, then dilutes 1 µl in 50 µl Opti- MEM I Reduced
Serum Medium. Mix gently and incubate for 5 minutes at
room temperature, then combine the diluted oligomer with
the diluted Lipofectamine™ 2000. Mix gently and incubate for
20 minutes at room temperature, then add the mixture to each
well containing cells and medium. Mix gently by rocking the
plate back and forth. Incubated the cells at 37°C and changed
medium 6 hours later.
Transwell assay. Cell migration activity was assayed in
triplicate using a 24-well transwell (Corning Inc. USA) using
polycarbonate Nucleopore ﬁlters with an 8-μm pore size. Cells
were transfected with ZNF139-siRNA or Control-siRNA for
24 h, then were degested and resuspended. 5×104 cells were
seeded in the upper chamber of each well. The lower chambers
contained serum-free medium. The wells were incubated 16
h in cell incubator at 37°C. Then non-migrated cells on the
upper side of the membrane were removed by scraping, while
migrated cells attached to the underside were ﬁxed for 10 min
in methanol and stained with crystal violet (Sigma). Cells were
examined under a microscope and all cells in a speciﬁed area
in the middle of the membrane were counted. Experiments
were repeated three times.
Wound healing assay. Tumor cells seeded in 6-well plates
were transfected with ZNF139-siRNA or Control-siRNA and
grown to conﬂuence. Then the plates were scratched within
the conﬂuent cell layer using the ﬁne end of a sterile pipette
tip. After 24, 48 or 72 h incubation, cells migrated into the
wounded region were counted under phase contrast microscopy. Experiments were repeated three times.
Total RNA isolation and quantitative RT-PCR. Total
RNAs were isolated by one-step method using the Trizol reagent (Invitrogen) according to the manufacturer’s instruction.
The RNA samples were pretreated with RNase-free DNase,
and 1 µg RNA of each sample was reverse-transcribed to
synthesis ﬁrst strand cDNA using EasyScript First-Strand
cDNA Synthesis Kit (TransGen Biotech, China). Then the
cDNA templates were ampliﬁed by real-time quantitative
PCR using Maxima SYBR Green/Fluorescein qPCR Master
Mix (MBI, Canada) on an ABI-7300 PCR System (Applied
Biosystems, USA). PCR reaction started with 1 cycle of
95°C for 10 minutes, followed by 40 cycles of three steps as
94°C for 30 seconds, 58°C for 30 seconds and 72°C for 30
seconds. The ﬂuorescence data were collected at 72°C step.
The mRNA expression of the target gene was normalized
to the housekeeping glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene. The mRNA relative expression
levels of target gene were represented as 2-∆∆Ct which were
obtained by the software SDS v3.2 of ABI-7300 PCR system. PCR primers were designed using the Primer Express
Software V3.0 (Applied Biosystems), and the sequences
were as follows: ZNF139, 5'- CTTCCTGAGTTCTTGGTTTCG -3' (F) and 5'- CCTTTGACCCACTGGTTTATG
-3' (R); MMP2, 5'- CAGGAGGAGAAGGCTGTGTT
-3' (F) and 5'- AGGGTGCTGGCTGAGTAGAT – 3'(R);
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Fig1. ZNF139 expression level in gastric carcinomas and gastric cell lines
Note: Clinical samples of gastric carcinomas, LNs and adjacent control normal tissues as well as GES1, SGC7901 and BGC823 cell lines were subjected
to Western-blot (A and D) and quantitative RT-PCR (C and F) assays to determine the expression of ZNF139. The relative protein expression levels
were shown in B and E. Values were shown as mean ± SD, for tissue samples n=6, cell samples n=4 in each group. *P < 0.01 versus control group; #P <
0.01 versus cancer or SGC7901 group.

MMP9, 5'- AGAACCAATCTCACCGACAGG -3' (F)
and 5'- CGACTCTCCACGCATCTCT – 3'(R); TIMP1,
5'- ACT TCCACAGGTCCCACAAC -3' (F) and 5'G C AT TC C TC AC AG C C A AC AG – 3 ' ( R ) ; IC A M 1 ,
5'- GGAAGGTGTATGAACTGAGCAAT -3' (F) and
5'- TGGCAGCGTAGGGTAAGGT – 3'(R); GAPDH,
5'- GACCCCTTCATTGACCTCAAC-3' (F) and 5'- CGCTCCTGGAAGATGGTGAT- 3'(R).
Western-blot assay. Tissue and cell samples were lysated
with lysis buﬀer (1% Triton X-100, 150 mM NaCl, 10 mM
Tris-HCl, pH 7.4, 1 mM EDTA, 1 mM EGTA, pH 8.0, 0.2 mM
Na3VO4, 0.2 mM phenylmethylsulfonyl ﬂuoride, and 0.5%
NP-40). Protein concentration was determined by Bradford
assay (Bio-Rad Laboratories). Equal amounts of protein for
each sample were separated by 10% polyacrylamide SDS
gels (SDS-PAGE) and electrotransferred to a polyvinylidene
ﬂuoride (PVDF) membrane (Amersham Pharmacia Biotech).
Membranes were blocked with 5% BSA for 2 h at room temper-

ature, and incubated with the 1:300 diluted primary antibody
of ZNF139,MMP9, MMP2, TIMP1, ICAM1 or GAPDH (all
from Santa Cruz, USA) overnight at 4°C. Membranes were
incubated for 2 h in a horseradish peroxidase-conjugated
secondary antibody (1:10,000 diluted), target bands were detected with the enhanced chemiluminescence (ECL) detection
system (Santa Cruz, USA) according to the manufacturer’s
instructions. GAPDH was used as the loading control. The
experiments were replicated three times.
Gelatin zymogrphy assay. Each 30 μl of culture medium
from cells transfected with ZNF139-siRNA or control NSsiRNA was mixed with SDS loading buﬀer and incubated for
10 min at room temperature, then were separated by 10% SDSPAGE gel which was prepared with the addition of 10 mg/ml
gelatin. After electrophoresis, the gel was incubated 3 times
for 30 min in washing buﬀer (50 mM Tris/HCl pH 7.5, 5 mM
CaCl2 and 2.5 % triton X-100) to get rid of the SDS from the
gel. Then the gel was incubated in the reaction buﬀer (50 mM
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Tris/HCl pH 7.5, 5 mM CaCl2) overnight at 37°C, and the gel
was stained with Coomassie brilliant blue.
Data statistics.Data are presented as means ± S.E. Statistical
analyses were carried out with the SPSS 11.5 statistical software
package. Our primary statistical test was the one-way ANOVA.
P<0.05 was considered statistically signiﬁcant.
Results
ZNF139 expression in gastric cancer tissues and cell
lines. We ﬁrst applied quantitative RT-PCR (QRT-PCR) and
Western blot to detection of ZNF139 expression in clinical
samples of gastric cancer, adjacent cancer tissues, metastasis
lymph nodes. Similarly, QRT-PCR and Western blot were
used to detect ZNF139 expression of the gastric cancer cell
lines. Results showed that, compared with adjacent cancer
tissues of cancer, expression of ZNF139 in gastric cancer was
up-regulated ,whereas expression of ZNF139 in metastasis
lymph nodes was stronger than in primary cancer tissues
(P<0.05). Also expression of ZNF139 was stronger in the
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human gastric cancer cell lines (SGC7901, BGC823) than in
gastric epithelial cell line GSE-1 (P<0.05), and expression of
ZNF139 was stronger in BGC823 than in SGC7901; results
from QRT-PCR and Western blot test were consistent. These
results showed that ZNF139 expression in gastric cancer cells
was signiﬁcantly up-regulated, suggesting that ZNF139 might
play a role in invasion and metastasis of gastric cancer.
Impact of ZNF139-siRNA on ZNF139 of BGC823 cells.
In order to clarify the impact of ZNF139 on gastric carcinogenesis, we designed 3 pairs of ZNF139-siRNAs with diﬀerent
sequence, and transfected them into gastric cancer cell line
BGC823, in which overexpressed ZNF139 was detected, with
transfected control-siRNA cells as negative control. QRT-PCR
and Western-blot results showed that ZNF139 expression did
not change after being transfected with control-siRNA; and
after being transfected 3 pairs of Vav3-siRNA cells, mRNA
and protein of ZNF139 in BGC823 cells were inhibited signiﬁcantly, in which, ZNF139 in BGC823 cells transfected with
ZNF139-siRNA-2 dropped greatly at approximately 90% (Fig.2
A, B), indicating that ZNF139-siRNA used in this study could

Fig 2. ZNF139-siRNA down-regulated ZNF139 expression in BGC823 cells
Note: Cells were transfected with diﬀerent sequence of ZNF139-siRNA (S1, S2, S3) or control NS-siRNA (A, B and C), alternatively, cells were transfected
with diﬀerent amount of the sequence of ZNF139-siRNA-2 for 48 hours (D, E and F), the expression of ZNF139 were identiﬁed by Western-blot (A, B
and D, E) as well as quantitative RT-PCR (C and F). The expression levels were represented as columns in B and E.
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eﬀectively inhibit the transcription and translation of endogenous ZNF139. 20 nM, 40 nM and 80 nM of ZNF139-siRNA-2
were further transfected into BGC823 cells, and QRT-PCR and
Western-blot results showed ZNF139 expression in cells had
a concentration-dependent decrease, in which after 80 nM of
ZNF139-siRNA-2 was transfected, ZNF139 expression in cells
was decreased by over 95% (Fig.2 C and D).
Impact of ZNF139-siRNA on invasion and migration of
BGC823 cells. After 20 nM, 40 nM and 80 nM of ZNF139siRNA-2 were transfected into BGC823 cells, cell migration
activity changes were observed with wound healing assay, and
changes in cell invasion ability was detected in Transwell assay.
As was shown in Fig.3 A and B, compared with the negative
control group transfected with control-siRNA, migration inhibition rate and invasion inhibition rate had a dose-dependent
increase in BGC823 cells transfected with ZNF139-siRNA
(P<0.05), suggesting that inhibition of ZNF139 could inhibit
invasion and migration of BGC823 cells. Compared with liposome control group, migration inhibitory rate and invasion
inhibition rate was not statistically signiﬁcant (P>0.05) in
negative control group transfected with control-siRNA.
Impact of ZNF139-siRNA on expression of MMP-2,
MMP-9, ICAM-1, TIMP-1 in BGC823 cells. Subsequently,
real-time quantitative RT-PCR and Western blot were applied to detection of invasion- and migration-related gene
expressions and the results showed that, compared with the
negative control group transfected with control-siRNA, after
80 nM of ZNF139-siRNA-2 was transfected into BGC823 cells,
expressions of TIMP-1 was signiﬁcantly up-regulated, while
expressions of MMP-2, MMP-9, ICAM-1 were signiﬁcantly
decreased (Fig.4). The results of gelatin zymography assay
show that the gelatinolytic activities of MMP2 and MMP9 were
also inhibited by ZNF139-siRNA transfection. These results
suggested that ZNF139 was able to promote gastric cancer cell
migration and invasion, and inhibition of ZNF139 expression
could inhibit gastric cancer cell migration and invasion.
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Fig 3. Eﬀects of ZNF139 on proliferation, migration, invasion of BGC823
cells
Note: Cells were transfected with ZNF139-siRNA or control NS-siRNA,
then were subjected to (A) wound healing assays to detect cell migrating
activity, (B) transwell assays to detect cell invasion activity. *P<0.01 and
#P<0.05 versus control group.

Discussion
Gastric cancer is the most common digestive carcinoma in
China, and the mortality rate is among the highest in a variety
of malignant tumors, seriously threatening the life and health
of the people [12,13]. Because of gastric occult onset and strong
migration and invasion ability of tumor cells, frequently there
has been a regional lymph node metastasis or distant metastasis before treatment, leading to poor comprehensive treatment
eﬀects by surgery, radiotherapy and chemotherapy. Detection
rate of Chinese patients with early gastric cancer was less than
10% [14, 15]; most patients have been found to have advanced
cancers, and 50% to 80% of patients had lymph node metastasis or other organ invasion and metastasis when undergoing
surgery. The 5-year survival rate of advanced gastric cancer
has been ﬂuctuating at around 40% -50% [16, 17]. If appropriate measures could be taken to reduce the ability of tumor
cell invasion and metastasis, it will be of great signiﬁcance in

delaying the gastric carcinogenesis and in improvement of
treatment and prognosis. It has been a hot research to study
characteristics of proliferation, diﬀerentiation, invasion and
metastasis of diﬀerent diﬀerentiated gastric cancer cells and
to study a variety of genes as well as function and interplay of
their expression products in it; but so far there has yet not been
a breakthrough in the research, nor key genes that impacted
gastric cancer invasion and metastasis were found.
In previous work of this study, MALDF-TOF-MS was used
to successfully screen and identify a variety of diﬀerentiation-associated proteins from diﬀerent diﬀerentiated gastric
cancer cell lines, including ZNF139. Studies by Herman van
Dekken et al [8] also found increased expression of ZNF139
in adenocarcinoma at the esophagogastric junction. ZNF139,
a member of zinc ﬁnger protein family, contains six C2H2 zinc
ﬁnger domains, a SCAN and KRAB (krüppel-associated box)
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Fig 4. Effects of ZNF139 on migration, invasion related genes in
BGC823 cells
Note: Cells were transfected with ZNF139-siRNA or control NS-siRNA,
then were subjected to Western-blot assays (A) or quantitative RT-PCR (C)
assays to detect the protein or mRNA expression levels of MMP-2, MMP-9,
ICAM-1 and TIMP-1. The protein expression levels were represented as
columns in B. (D) Gelatin zymogrphy was employed to assay the MMP2
and MMP9 activity. *P<0.01 versus NS-siRNA control group.

domains. Zinc ﬁnger is zinc ﬁnger DNA-binding domain,
while SCAN and KRAB mediate protein-protein interactions
between the cofactors, which perform the transcriptional regu-
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lation of downstream gene expression by binding themselves
to a target gene promoter region [18]. Although there has
been no report on relationship between ZNF139 and invasion
and metastasis of gastric cancer, but there have been many researches on relationship between zinc ﬁnger protein family and
tumor invasion and metastasis [19, 20]. Therefore, we studied
ZNF139 expression in gastric cancer and its relationship with
gastric cancer invasion and metastasis.
In the experiment, ZNF139 expression in gastric cancer
tissues and cells was signiﬁcantly higher than the expression
in adjacent cancer tissues, and there was further increased
expression in metastatic lymph nodes, indicating ZNF139
might be used as the gastric tumor markers, and could
predict metastasis of gastric cancer, which was worth further study. Because tumor invasion and metastasis is an
extremely complex pathological process with multiple steps
and multiple factors involved, adhesion between cancer
cells, adhesion between cancer cells and the extracellular
matrix, adhesion between cancer cells and the normal cells,
the degradation of the extracellular matrix, and cancer cell
movement migratory ability play an important role, which
are the key factors determining whether the malignant tumor will have invasion and metastasis [21, 22]. Our study
conﬁrmed ZNF139 expression was closely related to gastric
cancer cell migration activity; after silencing ZNF139 expression speciﬁc small interfering RNA could inhibit migration
activity of BGC823 cell.
Degradation of extracellular matrix (ECM) and destruction
of the integrity of the basement membrane are a prerequisite
for invasion and metastasis ability of tumor cells. The degradation of extracellular matrix could be ﬁnished by proteolytic
enzymes like matrix metalloproteinases (MMPs); activity of
MMPs can be inhibited by metal matrix protease inhibitors
(TIMPs), its natural inhibitor; MMPs-TIMPs balance is the
determinant of ECM internal environment and integrity
maintenance [23-25]. Overexpression of 72KD of MMP-2
and 92KD of MMP-9 in Type IV collagenase from MMP
family is closely related to a variety of malignant tumor
invasion and metastasis [26, 27]. TIMP-1 from TIMPs has
a strong aﬃnity with MMP-9, and plays a direct or indirect
inhibition role in other members from MMPs family [28].
ICAM-1, a glycoprotein, can promote migration and invasion of tumor cells, and plays an important role in tumor
invasion and migration [29, 30]. Our ﬁndings showed that
after ZNF139 expression, expressions of MMP-2, MMP-9
and ICAM-1 were decreased, while TIMP-1 expression was
increased, suggesting that ZNF139 gene was closely related
to invasion and metastasis of gastric cancer and its regulatory mechanism might be caused by adjusting MMP-TIMP
balance and ICAM-1.
Conclusion
Present study found that overexperssion of ZNF139 was
ralted to invasion and migration of gastric cancer cells.
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After siRNA technology was applied to silencing ZNF139,
expressions of MMP-2, MMP-9 and ICAM-1 were decreased, while TIMP-1 expression was increased, thereby
inhibiting invasion and migration ability of gastric cancer
cells. ZNF139 gene may be a new molecule involved in the
regulation of gastric cancer cell invasion activity, regulating
the gastric cancer cell invasion activity by aﬀecting MMP/
TIMP balance. Therefore, ZNF139 may play an important
role in the regulation of gastric cancer invasion and migration process, and become predicted genes in gastric cancer
metastasis as well as the target gene in biological treatment
of gastric cancer. The speciﬁc molecular mechanisms should
be further studied.
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