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ADAMT17 promotes lymph node metastasis in gastric cancer
via activation of the Notch and Wnt signaling pathways
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Abstract. Disintegrin and metalloproteinase domain-
containing proteins (ADAMs) have been implicated in cell
adhesion, signaling and migration. The aim of the present
study was to identify key members of the ADAM protein
family associated with the metastasis of gastric cancer and
to evaluate their clinical significance. A total of 193 patients
with gastric cancer and positive lymph node metastasis were
enrolled. Key members of the ADAM family associated
with lymph node metastasis were identified. The correlations
between survival times and the clinicopathological features
of patients were investigated. Furthermore, ADAMI17
expression in gastric cancer cells with different metastatic
potentials was determined. ADAMI17 was overexpressed in
BGC-823 cells and suppressed in SGC-7901 cells to further
investigate its effects on cell viability and migration. The key
pathways associated with ADAMI17 were identified by gene
set enrichment analysis (GSEA). It was found that ADAM9
and ADAMI17 were significantly upregulated in gastric
cancer and positive metastatic lymph node tissues. Further,
there was a strong correlation between the survival times of
patients and ADAM17 expression. ADAM17 was upregulated
in gastric cancer cells with high metastatic potential. The
viability of BGC-823 cells significantly increased following
ADAMI7 overexpression, whereas the viability and migration
of SGC-7901 cells decreased following ADAMI17 suppression.
GSEA and western blot analysis revealed a positive correla-
tion between the Notch and Wnt signaling pathways with
ADAMI17 expression. In conclusion, the increased expression
of ADAMI17 promoted the progression of gastric cancer,
potentially via Notch and/or Wnt signaling pathway activation,
and ADAMI17 may serve as a useful prognostic marker.
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Introduction

Gastric cancer is one of the most common malignancies, with
a substantial impact on global health (1-3). During its early
stages, it is either asymptomatic or presents with nonspecific
symptoms. Therefore, gastric cancer often reaches an advanced
stage prior to diagnosis and poses a major clinical challenge
with poor patient outcomes (4-6). In addition, there are limited
efficacious therapeutic strategies for treating advanced gastric
cancer (7,8), and the molecular mechanisms underlying gastric
cancer progression remain unclear. Thus, elucidating the key
molecular mechanisms will aid in the development of novel
therapeutic targets for this disease.

Disintegrin and metalloproteinase domain-containing
proteins (ADAMs) are a family of multidomain transmem-
brane glycoproteins, which are widely implicated in cell
adhesion, cell-cell signaling and cell migration (9,10). The
diverse roles of ADAMs in the pathological processes of
various human cancers have gained increasing attention. In
gastric cancer, ADAMS33 affects cell migration and prolifera-
tion by regulating the secretion of interleukin-18 (11). ADAMY,
12, and 15 are expressed at higher levels in gastric cancer
cells, compared with non-neoplastic foveolar epithelial cells,
and have been implicated in the malignant growth of gastric
cancer (12). ADAMI10 may serve as a useful prognostic marker
for predicting gastric cancer progression, as ADAMI10 expres-
sion correlates with lymph node and distant metastases (13).
Although efforts have been made, a higher priority must be
given to further investigate key members of the ADAM family
that are associated with tumor metastasis and are of prognostic
significance for patients with gastric cancer.

ADAMI17 (also known as TNF-a-converting-enzyme)
has been identified to function as a signaling scissor in the
tumor microenvironment (14) and thus contributes to tumori-
genesis and tumor progression (15,16). The dysregulation of
ADAMI17 expression and its crucial role in the pathology
of various cancers has been widely revealed. For instance,
increased ADAMI17 expression is associated with aggressive
progression of non-small cell lung cancer (17). ADAM17
silencing suppresses cancer cell growth autonomy and
inhibits tissue invasion (18). Further, ADAMI17 promotes
breast cancer tumorigenesis and progression by regulating
cell proliferation, angiogenesis, invasion and apoptosis (19).
Notably, ADAMI17 was found to be upregulated in gastric
cancer, and this increased expression contributed to tumor
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progression and resulted in poor prognosis; ADAMI17 may
therefore be an independent factor to predict tumor prog-
nosis (20,21). In addition, microRNA (miR)-338-3p has been
shown to suppress the proliferation, migration and invasion of
gastric cancer cells through downregulation of ADAMI17 (22).
ADAMI7 expression is upregulated by forkhead box protein
M1 and consequently promotes the proliferation and tumor
growth of gastric cancer cells (23). Additionally, ADAMI17
promotes epithelial-mesenchymal transition (EMT) in
gastric cancer cells through the transforming growth factor
(TGF)-f/mothers against decapentaplegic homolog (Smad)
signaling pathway (24). Nevertheless, the role and potential
regulatory mechanism of ADAMI17 in gastric cancer progres-
sion has not been fully elucidated.

The objective of the present study was to identify the
role of ADAMI17 in regulating gastric cancer metastasis, to
investigate its mechanism of action, and to evaluate its clinical
significance. In the present study, key members of the ADAM
protein family associated with lymph node metastasis in
gastric cancers were identified, and the correlation between
survival times of patients and their clinicopathological features
was investigated. Additionally, the expression of ADAMI17 in
gastric cancer cells with different metastatic potential was
determined and the effects of ADAMI17 dysregulation on cell
viability, migration, and invasion were explored. Finally, key
pathways correlated with ADAMI17 were identified using gene
set enrichment analysis (GSEA) and confirmed by western
blot analysis.

Patients and methods

Patients. From January 2011 to December 2012, 193 patients
(150 males and 43 females) were enrolled at The First
Hospital of Jilin University with gastric cancer and positive
Ilymph node metastasis. Patients underwent gastrectomy
with D2 lymph node dissection. The diagnosis of was
confirmed by histopathological analysis. Patients with
distant metastasis, incomplete clinical or pathological data,
impaired organ function, other malignant tumors in the
previous year, or were undergoing preoperative neoadjuvant
chemotherapy/emergency surgery for obstruction and
perforation were excluded. A summary of the patient clinical
data is presented in Table I. Primary gastric cancer tissues,
adjacent non-cancerous gastric tissues, positive metastatic
lymph node tissues and corresponding negative metastatic
lymph node tissues were obtained, fixed in 10% formalin at
room temperature for 48 h, and embedded in paraffin. The
present study was approved by the Research Ethics Boards of
The First Hospital of Jilin University, and all patients provided
informed consent.

Immunohistochemistry and evaluation of immunostaining
intensity. Tissue sections (4 ym) cut from the paraffin-embedded
samples mentioned above were deparaffinized with xylene and
rehydrated with graded xylene and serial ethanol concentrations.
For antigen retrieval, the sections were incubated with citrate
buffer (0.01 M, pH 6.0) and microwaved at 95°C for 10 min. After
rinsing thrice with PBS (pH 7.2), 3% H,0, in methanol was used
to block endogenous peroxidase activity at room temperature
for 15 min. To reduce non-specific reactions, 5% bovine serum
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albumin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and 0.3% Triton X-100 were added and incubated with the
sections at room temperature for 1 h. Subsequently, the sections
were probed with appropriate antibodies against ADAMS
(1:100; cat. no. 23778-1-AP; ProteinTech Group, Inc., Chicago,
IL, USA), ADAMY (1:75; cat. no. PA5-25959; Thermo Fisher
Scientific, Inc.), ADAMIO0 (1:250; cat no. PA5-28161; Thermo
Fisher Scientific, Inc.), ADAMI2 (1:100; cat. no. 14139-1-AP),
ADAMI17 (1:300; cat. no. 20259-1-AP) and GAPDH (1:100;
cat. no. 10494-1-AP; all ProteinTech Group, Inc.) overnight
at 4°C. PBS was used as the negative control. Following three
rinses with PBS (pH 7.2), the sections were probed with horse-
radish peroxidase (HRP)-labeled Peroxidase AffiniPure goat
anti-rabbit IgG (1:300; cat. no. 111-035-045) or Peroxidase
AffiniPure HRP-labeled goat anti-mouse IgG (1:400; cat.
no. 115-035-003; both Jackson ImmunoResearch Laboratories,
Inc., West Grove, PA, USA) secondary antibodies for 30 min at
room temperature. Following three washes, the sections were
stained with 3,3'-diaminobenzidine (cat. no. DA1010; Beijing
Solarbio Science & Technology Co., Ltd., Beijing, China) at
room temperature for 1 min, counterstained with hematoxylin
(cat. no. 517-28-2; Beijing Solarbio Science & Technology Co.,
Ltd.) at room temperature for 50 sec, dehydrated with graded
concentrations of ethanol and xylene, and coverslipped.

Under a light microscope (magnification, x40), the
immunostaining intensity for each protein was reviewed and
independently scored by two pathologists who were blinded
to the clinical data and scored independently according to the
staining intensity and the proportion of stained tumor cells, as
previously described (20) with minor modifications. According
to the staining intensity, they were scored as follows: No
staining =0; light yellow (weak staining) =1; yellow brown
(moderate staining) =2; and brown (strong staining) =3. The
scores were expressed in terms of the proportion of cell
staining as follows: scores of 0, 1, 2, 3 and 4 indicated 0, <25,
26-50, 51-75, and =75% positive cells, respectively. Thus, the
two combined scores (from the two independent pathologists)
were taken as the final score: 0-1, 2-3, 4-5 and 6-7 indicated
negative (-), weak positive (+), strong positive (++), and very
strong positive (+++), respectively. In the statistical analysis,
(++) and (+ + +) were classified as the positive group, while (-)
and (+) were classified as the negative group.

Cell culture. Human gastric cancer cell lines KATO III and
AGS were purchased from the China Center for Type Culture
Collection (Wuhan University, Wuhan, China). SGC-7901 and
BGC-823 cell lines were obtained from the Shanghai Institute
of Cell Biology of the Chinese Academy of Science (Shanghai,
China). All cells were grown in RPMI-1640 medium (cat.
no. 11995500BT) containing 10% fetal bovine serum (cat.
no. 10099-141; both Gibco; Thermo Fisher Scientific, Inc.)
and a mixture of penicillin (100 U/ml) and streptomycin
(100 pg/ml) at 37°C until 80-90% confluence.

Cell transfection. The coding sequence of ADAMI17 was
synthesized by Genewiz, Inc. (Suzhou, China). The overex-
pressed vector pcDNA-3-ADAM17 was then constructed by
inserting the coding sequence of ADAM17 into the pcDNA-3
vector (Invitrogen; Thermo Fisher Scientific, Inc.) with the
restriction sites Kpnl (GGTACC) and EcoRI (GAATTC). The
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Table I. Univariate analysis of the correlation between clinicopathological factors and survival time of patients with gastric

cancer (n=193).

Clinicopathological factors Category Cases Average survival time (days) Log-rank test P-value

Sex Male 150 1,250.625+71.768 0.303 0.582
Female 43 1,347.992+136.535

Age (years) <60 84 1,371.239+96.847 1.239 0.266
>60 109 1,203.797+84.352

Location of tumor Lower third 111 1,256.182+84.888 0.033 0.984
Middle third 48 1,293.933+131.450
Upper third 34 1,284.501+132.457

Tumor cell differentiation Poorly differentiated 118 1,188.670+82.583 2.154 0.142
Moderately 75 1,409.714+97.930
differentiated

Vascular invasion No 23 1,975.831x130.803 11.517 0.001
Yes 170 1,176.990+66.925

Neural invasion No 82 1,551.325+94.354 13.877 <0.001
Yes 111 1,066.643+80.522

T staging Tl 10 2,150.600+173.040 18.978 <0.001
T2 14 1,839.429+157.060
T3 155 1,188.106+£69.482
T4 14 854.327+199.427

N staging NO 25 2,045.247+109.148 46.631 <0.001
N1 59 1,513.435+£107.510
N2 57 1,152.316+114.874
N3 52 711.307+84.118

Drinking No 147 1,290.952+73.459 0.190 0.663
Yes 46 1,202.467+124.052

Smoking No 120 1,303.457+82.993 0.520 0471
Yes 73 1,210.292 +95.941

Tumor size <10 57 1,402.576+118.432 1.809 0.179
>10 136 1,223.221+£75.350

Family history No 173 1,280.990+66.943 0.476 0.788
Yes 19 1,232.173+£216.603

Obesity No 10 1,609.167+245.612 1.923 0.166
Yes 178 1,255.652+66.649

ADAMY9 Negative 2 556.500+123.500 2.524 0.112
Positive 191 1,284.413+64.362

ADAM17 Negative 80 1,629.540+89.506 19.844 <0.001
Positive 113 996.790+75.842

ADAM, disintegrin and metalloproteinase domain-containing protein.

empty pcDNA-3 vector served as the control. Small interfering
RNAs (siRNAs) targeting ADAM17 (siRNA-ADAM17) and
negative control siRNAs (siRNA-NC) were synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China). The
sequences were as follows: siRNA-ADAM17 forward, 5'-GGG
CCGAAUAUAACAUAGAATAT-3' and reverse, 5'-UCUAUG
UUAUAUUCGGCCCATAT-3"; siRNA-NC forward, 5'-UUC
UCCGAACGUGUCACGUATAT-3' and reverse, 5'-ACGUGA
CACGUUCGGAGAAJTAT-3".

These siRNAs were designed using BLOCK-iT™ RNAi
Designer (Thermo Fisher Scientific, Inc.). For cell transfection,
SGC-7901 and BGC-823 cells (2.4x10%/well) were seeded into
a six-well plate and incubated for 24 h at 37°C. Next, 2 ug
pcDNA-3-ADAMI17 and 2 ug pcDNA-3 were transfected
into BGC-823 cells using Lipofectamine® 2000 reagent (cat.
no. 11668-027; Invitrogen; Thermo Fisher Scientific, Inc.).
si-RNA-ADAM17 (50 nM) BS siRNA-NC (50 nM) were
transfected into SGC-7901 cells using the same method. Cells
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Figure 1. Immunohistochemical analysis showing the expression of ADAMS8, ADAM9, ADAMI10, ADAMI12 and ADAMI17 in adjacent non-cancerous gastric
tissues, gastric cancer tissues, positive metastatic lymph node tissues, and negative metastatic lymph node tissues. Scale bars, 50 uM. ADAM, disintegrin and

metalloproteinase domain-containing protein.

were incubated for another 48 h at 37°C before performing
further experiments.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total mRNA was extracted from transfected cells
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Reverse transcription of mRNA to cDNA was performed using
the PrimeScript RT Master Mix kit (cat. no. RRO36A; Takara
Bio, Inc., Otsu, Japan) with the following conditions: 37°C for
15 sec, 85°C for 5 sec; then held at 4°C. To detect the expression
levels of ADAMI17 mRNA, gPCR was performed using a SYBR
Green kit (cat. no. 4367659; Invitrogen) on an ABI ViiA7 PCR
system (both Thermo Fisher Scientific, Inc.). Primers used for
the amplification of targets were as follows: ADAMI17 forward,
5-ATCAAACCCTTTCCTGCG-3' and reverse, 5-CAAACC
CATCCTCGTCCA-3'; GAPDH forward, 5“-TGACAACTTTGG
TATCGTGGAAGG-3' and reverse, 5~ AGGCAGGGATGA
TGTTCTGGAGAG-3'. The thermocycling conditions were as
follows: 95°C for 10 min, followed by 40 cycles at 95°C for 15 sec
and 60°C for 1 min, and finally 95°C for 15 sec, 60°C for 1 min,
and 95°C for 15 sec. The relative expression of ADAM17 mRNA

was normalized to GAPDH and was quantified using the 2-44¢4
method (25).

Cell Counting kit-8 (CCK-8) assay. Cells (5x10%/well)
were seeded in a 96-well plate and incubated for 24 h and
were subsequently transfected with pcDNA-3-ADAMI17,
pcDNA-3, siRNA-ADAM17 or siRNA-NC. Each treatment
was performed in triplicate wells. After transfection for 48 h,
cell viability of each group was assessed using a CCK-8
kit (cat. no. CK04, Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan) following the manufacturers' recom-
mended protocols. Absorbance at 450 nm was measured on a
microplate reader (BioTek Instruments, Inc., Winooski, VT,
USA).

Scratch wound healing assay. The cell migratory capacity of
each group was evaluated using the scratch wound healing
assay, as described previously (26). Briefly, transfected cells
were seeded in culture dishes in triplicate and were incubated
at 37°C until a confluent monolayer was formed (>90%). With
a 10 pl sterile pipette tip, a 'scratch’ of the cell monolayer was
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Figure 2. Pathological scores of ADAMS, ADAM9, ADAM10, ADAM12 and ADAM17 expression according to the staining intensity and the percentage of
cell staining. (A) Pathological scores of ADAMs in adjacent non-cancerous gastric tissues (n=15) and gastric cancer tissues (n=15). (B) Pathological scores of
ADAMs in positive metastatic lymph node and negative metastatic lymph node tissues (n=15). "P<0.05, “P<0.01 vs. the corresponding control group. ADAM,

disintegrin and metalloproteinase domain-containing protein.

created in a straight line. The cells were washed thrice with
PBS (pH 7.2) to remove cell fragments, and the cells were
incubated with serum-free RPMI-1640 medium for 24 h
at 37°C. The migrated cells were observed under an inverted
light microscope (Nikon Corporation, Tokyo, Japan).

GSEA of gastric cancer expression. GSEA (www.broadin-
stitute.org/gsea/index.jsp) (27) is a computational method for
interpreting gene expression data; it creates a molecular signa-
ture database based on known information on the positions,
characteristics and biological functions of genes. To investi-
gate the role of ADAMI7 in gastric cancer, nRNA sequence
data of stomach adenocarcinoma from The Cancer Genome
Atlas (TCGA; tcga-data.nci.nih.gov/) was downloaded, which
included 415 stomach adenocarcinoma samples. Key pathways
that were enriched by gene sets significantly associated with
ADAMI17 were then analyzed by GSEA, and P<0.05 was set
as the cut-off value.

Western blot analysis. Total protein was extracted from gastric
cancer tissues and cells using radioimmunoprecipitation assay
buffer (cat. no. PLO07; Sangon Biotech Co., Ltd., Shanghai,
China) for 20 min on ice. Protein concentration was deter-
mined with bicinchoninic acid protein assay kit (cat no. 23223;
Pierce; Thermo Fisher Scientific, Inc.). For western blotting,
protein extracts (30 ug/lane) were subjected to 10% SDS-PAGE
and transferred onto a polyvinylidene fluoride membrane.
Following blocking in 1X Tris-buffered saline/0.05% Tween-20
(TBST) supplemented with 5% non-fat milk at room tempera-
ture for 1 h, primary antibodies against ADAMI17 (1:1,000;
cat. no. 20259-1-AP; ProteinTech Group, Inc.), ADAM9
(1:1,000; cat. no. PA5-25959; Thermo Fisher Scientific, Inc.),
neurogenic locus notch homolog protein (Notch)2 (1:1,000; cat.
no. WL02409; Wanleibio Co., Ltd., Shanghai, China); glycogen
synthase kinase (GSK)-3f (1:1,000; cat. no. 22104-1-AP;
ProteinTech Group, Inc.), -catenin (1:1,000; cat. no. 8480S;
Cell Signaling Technology, Inc., Danvers, MA, USA) or
B-actin (1:2,000; cat. no. 60008-1-Ig; ProteinTech Group,
Inc.) were added to the membranes and incubated overnight
at 4°C. B-actin was used as the internal control. After washing
with 1X PBST thrice, HRP-labeled Peroxidase AffiniPure
goat anti-rabbit IgG (1:5,000; cat. no. 111-035-045; Jackson
ImmunoResearch Laboratories, Inc.) or Peroxidase AffiniPure

goat anti-mouse IgG HRP (1:5,000; cat. no. 115-035-003;
Jackson ImmunoResearch Laboratories, Inc.) was added to
the membranes and incubated at room temperature for another
2 h. After rinsing five times with 1X PBST, protein bands
were visualized using chemiluminescent HRP substrate (cat.
no. WBKLS0500; Merck KGaA, Darmstadt, Germany). The
intensity of each protein band was quantified and analyzed
using Tanon Image Software version 1.10 (Tanon 1600R; Tanon
Science and Technology Co., Ltd., Shanghai, China).

Statistical analysis. Univariate survival analysis for the
comparison of survival times was conducted using the
Kaplan-Meier method, and the log-rank test was applied to
analyze the significance of difference between survival times
of patients and their clinicopathological features, as well as
between survival times and ADAM9 or ADAM17 expression.
Multivariate survival analysis was performed for identifying
significant variables associated with survival times using
the Cox regression proportional hazards model. In addition,
the risk scores of death were calculated with multivariate
logistic regression analysis (28) According to the T staging,
N staging and ADAM17 values, the risk score of each patient
(ranging from O to 100) was calculated. The receiver operating
characteristic (ROC) curve was applied, and the area under
the curve (AUC) was determined by the MedCalc statistical
software version 11.0 (MedCalc, Mariakerke, Belgium). Data
were presented as the mean + standard deviation, and the
differences between two groups were compared using the
Student's t-test and among three or more groups were analyzed
by one-way analysis of variance, followed by Fisher's least
significant difference test. Statistical analyses were carried out
using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

ADAM9 and ADAMI17 are significantly upregulated in
gastric cancer and positive metastatic lymph node tissues.
Fig. 1 shows the immunohistochemical staining intensity
for ADAMS, ADAM9, ADAM10, ADAM12 and ADAM17
in adjacent non-cancerous gastric tissues, gastric cancer
tissues, positive metastatic lymph node tissues and negative
metastatic lymph node tissues. From the combined score that
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Figure 3. Relative expression of ADAM9 and ADAMI17 in different tissues was examined by western blotting. (A) ADAM9 and ADAMI17 expression in
adjacent non-cancerous gastric tissues (n=5) and gastric cancer tissues (n=5). (B) ADAM9 and ADAMI17 in positive (n=5) and negative metastatic lymph node
tissues (n=5). "P<0.05, ““P<0.001 vs. the corresponding control group. ADAM, disintegrin and metalloproteinase domain-containing protein.

was obtained from the staining intensity and the percentage
of cell staining, the expression of ADAM9, ADAMI10, and
ADAMI17 in gastric tumor tissues was significantly upregu-
lated compared to those in adjacent normal tissues (P<0.05;
Fig. 2A). Furthermore, the expression of ADAMS, ADAM9
and ADAMI17 in positive metastatic lymph node tissues
was also upregulated relative to those in the corresponding
negative tissues (P<0.05; Fig. 2B). These data indicated
that ADAMY9 and ADAMI17 were significantly upregulated
in both gastric cancer and positive metastatic lymph node
tissues. To further verify the immunohistochemistry results,
the expression of ADAMY9 and ADAMI17 was detected by
western blotting. As expected, ADAM9 and ADAMI17
expression was significantly upregulated in primary gastric
tumor tissues and positive metastatic lymph node tissues
(P<0.05; Fig. 3).

Survival times of patients correlated with T staging, N staging,
and ADAM17 expression. Univariate survival analysis for
the comparison of survival times between patients with
clinicopathological features was performed. As presented
in Table I, the survival times of patients were significantly
associated with vascular invasion, neural invasion, T staging,
N staging and ADAM17 expression (P<0.05). Therefore,
multivariate analysis was used to identify significant clini-
copathological features associated with survival times. The
results demonstrated that the survival times of patients
strongly correlated with T staging, N staging and ADAM17
expression (P<0.05; Table II). Furthermore, multivariate
logistic regression analysis showed similar results that the
above three variables were independent predictors (P<0.05;
Table III). The above three variables were then included in
the 'risk score' calculation to measure the 'mortality risk

score' of any given patients, as follows: Probability =1/[1+exp
[5.454-0.993 (T staging)-0.720 (N staging)-0.771 (ADAM17)]]

The distribution of the risk score of 193 patients is presented
in Fig. 4. The majority of scores were distributed between
60 and 100 (60-80, n=89; 80-100, n=43; Fig. 4A), suggesting
that this model can separate the low- and high-risk groups,
and the risk of mortality increased with the increase in risk
scores (Fig. 4B). To further determine the optimal model to
predict the risk of death, ROC curve analysis was performed.
As shown in Table IV and Fig. 4C, the AUCs for the risk score
model, T staging, N staging, and ADAMI17 expression were
0.757, 0.625, 0.720 and 0.618, respectively. These data indi-
cated that T staging, N staging and ADAM17 expression had
independent prognostic value for predicting the risk of patients
with gastric cancer.

ADAMI7 was highly expressed in gastric cancer cells with high
metastatic potential. Next, the expression of ADAM7 in gastric
cancer cells was determined. As shown in Fig. 5SA, ADAM17
expression in KATO III and SGC-7901 cells that had high meta-
static potential was significantly higher than that in BGC-823
and AGS cells with low metastatic potential, suggesting that
ADAMI17 may be associated with tumor cell metastasis. Among
the above four cell lines, ADAMI17 expression was lowest
in BGC-823 cells and highest in SGC-7901 cells. Therefore,
BGC-823 and SGC-7901 cells were used for the overexpres-
sion and repression of ADAMI17 expression, respectively. As
expected, ADAMI17 expression was significantly increased in
pcDNA-3-ADAMI7-transfected BGC-823 cells, compared with
mock cells or pcDNA-3-transfected cells (P<0.05; Fig. 5B), while
its expression was markedly reduced in siRNA-ADAM]17-trans-
fected SGC-7901 cells compared with either mock cells or
siRNA-NC-transfected cells (P<0.05; Fig. 5C).

ADAMI17 promotes the viability and migration of gastric
cancer cells. The effects of ADAMI7 on cell viability
in each group was assessed using the CCK-8 assay. As
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Table II. Multivariate survival analysis of gastric cancer (Cox proportional hazards model).

Covariates Variable coefficient Standard error Wald P-value HR 95% CI
ADAM17 0.806 0.199 16.430 <0.001 2.239 1.516-3.305
T staging (T2/3/4 vs. T1) 0.598 0.192 9.677 0.002 1.818 1.248-2.650
N staging (N1/2/3 vs. NO) 0.543 0.104 27.147 <0.001 1.722 1.404-2.113
Vascular invasion 0.408 0.406 1.009 0.315 1.504 0.678-3.336
Neural invasion 0.092 0211 0.193 0.661 1.097 0.726-1.658
HR, hazard ratio; CI, confidence interval; ADAM, disintegrin and metalloproteinase domain-containing protein.
Table III. Independent predictors of lymph node metastasis based on the multivariate logistic regression analysis.
95% CI for OR
Regression Standard
Variable(s) coefficients error Wald P-value OR Lower Upper
T staging 0.993 0.350 8.052 0.005 2.700 1.360 5.362
N staging 0.720 0.184 15.338 <0.001 2.055 1.433 2.947
ADAM17 0.771 0.338 5.207 0.022 2.161 1.115 4.190
Constant -5.454 1.203 20.569 <0.001 0.004
OR, odds ratio; CI, confidence interval; ADAM, disintegrin and metalloproteinase domain-containing protein.
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Table I'V. Analysis of AUC of different predictors for mortality risk.
95% Confidence Interval
Standard

Test variable AUC error P-value Lower bound Upper bound
ADAM17 0.618 0.042 0.006 0.536 0.701
T staging 0.625 0.043 0.004 0.541 0.709
N staging 0.720 0.037 0.000 0.648 0.793
Risk score model 0.757 0.035 <0.001 0.688 0.826

Risk score model vs. ADAM17, P=0.0001; risk score model vs. T staging, P=0.0004; risk score model vs. N staging, P=0.1742. AUC, area

under the curve.
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presented in Fig. 6A, the overexpression of ADAMI7 in
pcDNA-3-ADAM17-transfected BGC-823 cells resulted in
a significant increase in cell viability, compared with mock
cells or pcDNA-3-transfected cells (P<0.05). However, the cell
viability of sSiRNA-ADAM17-transfected SGC-7901 cells was
significantly reduced compared with the mock or siRNA-NC
transfected cells (P<0.05; Fig. 6B). Next, the scratch wound
healing assay was performed to study the effects of ADAMI17
on cell migration. It was revealed that the number of migrated
SGC-7901 cells was significantly decreased following
ADAMI7 silencing (P<0.05; Fig. 6D). However, the migratory
capacity between pcDNA-3-ADAM17-transfected BGC-823
cells, mock cells and pcDNA-3-transfected cells did not show
significant difference (P>0.05; Fig. 6C). Taken together, these
results suggested that ADAM17 promoted gastric cancer cell
viability and migration.

GSEA for analyzing ADAM17 function in gastric cancer. The
results of GSEA revealed 12 pathways, including the Notch and
Wht signaling pathways (Fig. 7), that positively correlated with
ADAMI7 expression (Table V). Furthermore, 19 pathways
associated with metabolism, including oxidative phosphoryla-
tion and phenylalanine metabolism, were negatively correlated
with ADAM17 expression (Table V).

Suppression of ADAM17 in SGC-7901 cells inhibits Notch
and Wnt signaling pathways. To further verify the results of
GSEA, western blot analysis was performed to investigate

the expression of key proteins involving in Notch and Wnt
signaling pathways in SGC-7901 cells following the suppres-
sion of ADAM17 expression. The results demonstrated that
suppression of ADAMI17 in SGC-7901 cells resulted in a
significant downregulation of Notch2, GSK-3f3 and -catenin
expression (Fig. 8), suggesting that suppression of ADAMI17
in SGC-7901 cells inhibited the Notch and/or Wnt signaling
pathways.

Discussion

Tumor metastasis is one of the main causes of treatment failure
among patients with cancer, and ADAMs have been implicated
in tumor metastasis and progression (29). Therefore, a better
understanding of the key members of the ADAM family that
are involved in gastric cancer progression will facilitate the
development of a promising therapeutic regimen.

In the present study, ADAM17 was found to be significantly
upregulated in gastric cancer and positive metastatic lymph
node tissues. Consistent with previous findings reporting that
ADAMI17 is an independent prognostic factor for patients with
gastric cancer (23), a strong correlation was identified between
the survival time of patients and ADAMI17 expression,
confirming that ADAMI17 could be used as an independent
prognostic factor. In addition, it was shown that ADAM17 was
upregulated in gastric cancer cells with high metastatic poten-
tial. Notably, ADAM17 overexpression significantly increased
BGC-823 cell viability with low metastatic potential, while the
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Table V. Results of gene set enrichment analysis showed key pathways correlated with ADAM17 expression in gastric cancer.

Name Size ES NES P-value
A, Positively correlation with ADAM17 expression

Notch signaling pathway 47 0.55082 1.91005 0.00178
Ubiquitin-mediated proteolysis 134 0.45800 1.82770 0.00180
Small cell lung cancer 84 0.44413 1.66057 0.00361
Adherens junction 73 0.43867 1.62956 0.01235
Glycosaminoglycan biosynthesis heparan sulfate 26 0.53938 1.60466 0.02632
ErbB signaling pathway 87 041745 1.58098 0.02330
Prostate cancer 89 0.40135 1.57703 0.01431
Pathways in cancer 324 0.35638 1.56122 0.01165
Progesterone-mediated oocyte maturation 85 0.40244 1.54025 0.01783
Renal cell carcinoma 70 0.40003 1.51718 0.03209
Axon guidance 128 0.39454 1.51392 0.03375
Whnt signaling pathway 149 0.36756 1.49736 0.02993
B, Negative correlation with ADAM17 expression

Parkinson's disease 113 -0.78448 -2.33212 <0.001
Oxidative phosphorylation 116 -0.77444 -2.23988 <0.0001
Huntington's disease 172 -0.62239 -2.23308 0.00217
Alzheimer's disease 156 -0.61537 -2.22474 0.00221
Cardiac muscle contraction 73 -0.54398 -2.06387 0.00236
Ribosome 87 -0.84358 -2.01567 0.00408
Primary bile acid biosynthesis 16 -0.62983 -1.80464 0.01307
Phenylalanine metabolism 18 -0.56414 -1.72816 0.01659
Peroxisome 78 -0.4785 -1.72701 0.01379
Glutathione metabolism 50 -0.5088 -1.70551 0.01235
Linoleic acid metabolism 28 -0.50486 -1.69893 0.01566
Tryptophan metabolism 39 -0.46789 -1.68343 0.02103
Citric acid cycle 30 -0.61788 -1.67656 0.04651
Drug metabolism cytochrome p450 71 -0.47023 -1.67642 0.02727
Tyrosine metabolism 42 -0.43363 -1.64599 0.01232
Metabolism of xenobiotics by cytochrome p450 69 -0.46883 -1.63288 0.03529
Histidine metabolism 28 -0.45888 -1.58055 0.02778
Fatty acid metabolism 42 -0.49172 -1.57598 0.04292
Arachidonic acid metabolism 57 -0.39434 -1.50295 0.04798

Size, the number of gene enriched in each pathway; ES, enrichment score; NES, normalized enrichment score; ADAM, disintegrin and metal-

loproteinase domain-containing protein.

knockdown of ADAMI17 reduced the viability and migratory
capacity of SGC-7901 cells, which have high metastatic poten-
tial. Furthermore, GSEA revealed a strong positive correlation
between ADAMI17 expression and the Notch/Wnt signaling
pathways. Further experiments confirmed that suppression
of ADAM17 in SGC-7901 cells inhibited the Notch and Wnt
signaling pathways.

Metastasis is a multistep process mediating the progres-
sion of malignant tumors, in which cell-cell and cell-matrix
interactions are implicated. These interactions result in the
activation of numerous cytokines and growth factors and the
subsequent generation of signals to promote tumor growth and

survival (30). ADAM17 affects various growth factors, cyto-
kines, receptors, and cell adhesion molecules, which are all
broadly involved in regulating the proliferation, migration and
invasion of tumor cells (31). Because angiogenesis is essential
for tumor growth and metastasis (32,33), and ADAMI17 is a
central regulator of angiogenesis (34), ADAMI17 may also
influence tumor angiogenesis and invasion (35). ADAM17
promotes the malignant phenotype of U887 human glioma
cells by increasing their proliferation and invasion (36), and
the silencing of ADAM17 significantly suppresses the prolif-
eration and invasion of A549 cells in vitro (37). Furthermore,
a previous report confirmed that ADAM17 is highly expressed
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in lymph node-positive breast cancer tissues in comparison
with lymph node-negative tissues (38), implying the associa-
tion between ADAM17 and lymph node metastasis. Notably,
ADAMI7 has been shown to prevent the miR-338-3p-mediated
inhibition of gastric cancer cell migration and invasion (22).
Xu et al (24) demonstrated that ADAMI17 promotes EMT in
gastric cancer cells through the TGF-/Smad pathway, and
an increasing number of studies have indicated that EMT
is a phenotypic conversion associated with cancer metas-
tasis (39,40). In the present study, ADAMI17 was found to
be upregulated in gastric cancer and lymph node-positive
gastric cancer tissues. In addition, ADAMI17 was upregu-
lated in gastric cancer cells with high metastatic potential.
Importantly, ADAM17 silencing decreased the viability and
migratory capacity of SGC-7901 cells with high metastatic
potential. However, ADAM17 overexpression only increased
the viability of BGC-823 cells, and did not promote the
migratory capacity, which may be due to their low metastatic
potential. Taken together, it was speculated that the ADAM17
upregulation facilitated the metastasis of gastric cancer by
promoting cell viability and migration.

The increased expression of ADAMI7 is closely correlated
with poor prognosis in many human cancers, such as gall-
bladder carcinoma (41) and breast cancer (42) and may serve as
a poor prognostic factor (43,44). ADAMI17 expression also has
prognostic significance in patients with gastric cancer (21,45).
Furthermore, ADAMI17 is considered to be a potential target
in anticancer treatment or as an indicator for predicting
therapeutic outcomes (42). Kyula ef al (46) demonstrated that
chemotherapy with fluorouracil acutely activates ADAM17
and consequently results in drug resistance in colorectal
cancer. In line with these previous findings, the results of the

multivariate analysis performed in the present study showed
a strong correlation between the survival time of patients and
the expression of ADAMI17. Therefore, it was hypothesized
that increased expression of ADAM17 may have been involved
in poor gastric cancer prognosis, and that it may serve as an
independent prognostic marker. Targeting ADAMI17 may have
prospects in cancer prognosis and therapy.

GSEA and western blotting revealed a positive correla-
tion between ADAMI17 expression and the Notch and Wnt
signaling pathways. An aberration in Notch signaling results
in the metastasis of various cancers via the regulation of EMT
or tumor angiogenesis (47). A meta-analysis confirmed that
the Notch signaling pathway is a key pathway for mediating
tumor progression in gastric cancer (48). Brzozowa et al (49)
revealed that the Notch signaling pathway serves a key role
in the pathogenesis of gastric cancer. In addition, the Wnt
signaling pathway is closely correlated with lung cancer and
bone metastasis (50), and Wnt/B-catenin signaling regulates
tumor metastasis in breast cancer (51,52). Yanaka et al (53)
revealed that the activation of the Wnt signaling pathway is a
key mechanism in mediating miR-544a-induced EMT to regu-
late gastric cancer progression. Tan er al (54) confirmed that
dixin promotes the metastasis of gastric cancer via activation
of the Wnt signaling pathway. Given the key role of the Notch
and Wnt signaling pathways in the metastasis and progression
of gastric cancer, it was speculated that these pathways are key
mechanisms by which ADAM17 mediates its effects in gastric
cancer.

However, the current study had several limitations. First,
the clinical sample size used was relatively small and not
sufficient. More samples should be collected to confirm the
results. Second, almost all patients were on adjuvant therapy;
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thus, it was difficult to clearly verify whether ADAMI17 was
a pure prognostic factor. Third, an invasion assay was not
performed to evaluate the function of ADAMI17 in the cell
invasion ability. An invasion assay should be performed to
evaluate the function of ADAMI17 in cell invasion ability in
future studies, which will provide strong evidence supporting
the role of ADAMI7 in gastric cancer metastasis and progres-
sion. Lastly, the relationship between ADAM17 and Notch or
Whnt signaling pathway was only preliminarily confirmed in
SGC-7901 cells. More studies are still required to verify these
findings.

In conclusion, the data in the present study demonstrated
that increased ADAMI17 expression may have contributed
to gastric cancer metastasis and progression, potentially via
activation of the Notch or Wnt signaling pathways, and that
ADAMI7 may serve as a useful prognostic marker in the treat-
ment of gastric cancer.
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