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Abstract A disintegrin and metalloproteinase-17

(ADAM17, also named as tumor necrosis factor-alpha-

converting enzyme) is a member of the ADAM family. Of

all ADAMs, the strongest evidence for a role in malignancy

exists for ADAM17. Especially, it has been demonstrated

that ADAM17 expression was significantly increased in

human gastric cancer. The aim of this study was to

investigate the association between ADAM17 expression

and the clinicopathological features of patients with gastric

cancer. The expression of ADAM17 was detected by real-

time quantitative RT-PCR in gastric cancer and adjacent

non-cancerous tissues. In addition, ADAM17 expression

was analyzed by immunohistochemistry in 220 clinico-

pathologically characterized gastric cancer cases. The

expression levels of ADAM17 mRNA and protein in gas-

tric cancer tissues were both significantly higher than those

in non-cancerous gastric mucosa. In addition, positive

expression of ADAM17 correlated with the degree of

tumor differentiation, depth of invasion, lymph node

metastases, distant metastases, and TNM stage (all

P \ 0.05). Furthermore, multivariate analysis suggested

that lymph node metastases, distant metastases, TNM

stage, and ADAM17 expression were independent prog-

nostic indicators for gastric cancer. Our data suggest for the

first time that the increased expression of ADAM17 in

gastric cancer is associated significantly with aggressive

progression and poor prognosis. ADAM17 may be an

important molecular marker for predicting the carcino-

genesis, progression, and prognosis of gastric cancer.

Keywords A disintegrin and metalloproteinase-17 �
Gastric cancer � Prognosis � Real-time quantitative

RT-PCR � Immunohistochemistry

Introduction

Gastric cancer is the second leading cause of cancer mor-

tality and one of the most frequent digestive malignancies

in the world, especially in East and Southeast Asia [1]. In

China, gastric cancer constitutes approximately 33% of all

worldwide gastric cancer cases [2]. Most gastric cancer

patients are first diagnosed at stage III or IV, when the rate

of lymph node metastasis is high. Therefore, early detec-

tion remains the most promising approach to improve the

long-term survival rate. Because gastric cancer is a multi-

step process with a number changes of various molecules,

the genetic analysis has revealed associations of certain

genetic changes with pathological features and prognosis

of the gastric cancer patients, which suggests that a better

understanding of the molecular changes underlying gastric

cancer represents a crucial step and may result in a new

therapeutic target in the treatment of the disease.

In gastric cancer, cell adhesion molecules mediate the

interaction of epithelial cells with basement membrane,

which regulates cell growth, motility, and differentiation by

integrating signals from extracellular matrix (ECM). Matrix

metalloproteinases (MMPs) may play a central role in these

processes. A disintegrin and metalloproteinases (ADAMs)

are the new gene family of proteins with sequence similarity

to the reprolysin family of snake venomases that share the

metalloproteinase domain with MMPs [3, 4]. Members of

this family are membrane-anchored proteins and have

been implicated in a variety of biological processes involv-

ing cell–cell and cell–matrix interactions, including

T. Zhang � W. Zhu � M. Huang � R. Fan � X. Chen (&)

Department of Oncology, First Hospital of Huaian, Nanjing

Medical University, Huaian 223300, China

e-mail: chen.xiaofe@gmail.com

123

Med Oncol (2012) 29:2684–2690

DOI 10.1007/s12032-011-0125-4



fertilization, muscle development, and neurogenesis [5].

Wang et al. [6] found that ADAM10 protein was upregulated

in gastric cancer lesions compared with adjacent non-can-

cerous tissues, and positive expression of ADAM10 corre-

lated with the advanced clinicopathological features of

tumors and shorter survival of patients. ADAM17 (also

named as tumor necrosis factor-alpha-converting enzyme,

TACE) is a transmembrane metalloprotease and primary

sheddase for multiple EGFR pro-ligands, including trans-

forming growth factor-alpha (TGF-a), heparin-binding epi-

dermal growth factor (HB-EGF), and amphiregulin [7]. Of

all ADAM members, the strongest evidence for a role in

malignancy exists for ADAM17, which has been demon-

strated to be overexpressed in the breast, ovary, kidney,

colon, and pancreas cancer tissues and regulates important

biological phenomena in these cancers through EGFR/PI3K/

AKT pathway [8–10]. In gastric cancer, Yoshimura et al.

[11] detected the presence of ADAM17 overexpression . In

2007, Yasuda et al. [12] found that siRNAs-targeted

ADAM17 transcripts suppress deoxycholate (DC)-induced

activation of EGFR and ERK1/2, suggesting that in AGS

human gastric cancer cells, DC transactivates EGFR through

M-BAR- and ADAM/HB-EGF-dependent mechanisms.

Furthermore, Ebi et al. [13] demonstrated that the HB-EGF-

CTF nuclear translocation and EGFR transactivation from

proHB-EGF shedding mediated by ADAM17 activated by

TGF-b may be an important pathway of gastric cancer cell

proliferation. However, there are few reports concerning the

association between ADAM17 expression and clinicopath-

ological characteristics or patient survival in gastric cancer.

Therefore, the aims of this study were to quantify the

expression of ADAM17 in normal and gastric cancer tissues

and to investigate the association between its expression and

recognized clinicopathological prognostic variables, in

order to determine whether the overexpression of this protein

is relevant to the malignancy of gastric cancer.

Materials and methods

Patients and tissue samples

This study was approved by the Research Ethics Com-

mittee of Nanjing Medical University, China. Informed

consent was obtained from all of the patients. All speci-

mens were handled and made anonymous according to the

ethical and legal standards.

For real-time quantitative RT-PCR, 20 patients (12 men

and 8 women; mean age, 60.1 years; range, 29–86) were

recruited from the Department of Oncology, First Hospital of

Huaian, Nanjing Medical University between January 2006

and January 2008. All had undergone total gastrectomy.

Fresh samples of tumor tissue and matched normal gastric

mucosa were obtained immediately after gastric resection.

Resected specimens were studied pathologically according

to the criteria described in the UICC pTNM classification

(2002). The samples were carefully dissected from resected

specimens by a pathologist and immediately snap-frozen in

separate vials, using liquid nitrogen. These frozen specimens

were stored at -80� in a tumor bank before use.

For immunohistochemistry analysis, gastric cancer tis-

sues were collected from gastrectomy specimens from 220

patients (160 men and 60 women; median age, 60.0 years;

range, 29–88) from the Department of Oncology, First

Hospital of Huaian, Nanjing Medical University, from

January 2000 to January 2006. Tissues had been formalin-

fixed, paraffin-embedded, and diagnosed clinically and

histopathologically at the Departments of Gastrointestinal

Surgery and Pathology. All patients had follow-up records

for greater than 5 years. The follow-up deadline was

December 2010. The survival time was calculated from the

date of surgery to the follow-up deadline or date of death,

which was caused mainly by carcinoma recurrence or

metastasis. Forty non-cancerous human gastric tissues were

obtained from gastrectomy of adjacent gastric cancer

margins of more than 5 cm.

None of these patients underwent endoscopic mucosal

resection, palliative resection, or preoperative chemother-

apy or had synchronous or metachronous multiple cancer

in other organs.

RNA extraction and real-time quantitative RT-PCR

ADAM17 gene expression in 20 tumor tissue samples and

matched normal gastric mucosa were confirmed by real-time

quantitative RT-PCR. Total RNA was extracted according to

the manufacturer’s instructions (TRIzol, Invitrogen, USA).

Two micrograms of RNA was reverse transcribed into cDNA

(Promega, Madison, WI). Quantitative ADAM17 mRNA

levels were assessed by using Mastercycler� ep realplex

(Eppendorf, Hamburg, Germany) with an IQTM SYBR

Green Supermix Kit (BIORAD, Berkeley, CA) according to

the manufacturer’s protocol. GAPDH was used as an internal

control. The primers for qPCR were as follows: ADAM17

(518 bp), sense 50-CAC CAT GAG GCG GCG TCT CCT

CAT C-30 and antisense 50-GCA CTC TGT CTC TTT GCT

GTC-30; GAPDH (224 bp), sense 50-TGA AGG TCG GAG

TCA ACG G-30 and antisense 50-CTG GAA GAT GGT GAT

GGG ATT-30. Cycling conditions were as follows: 95� for

2 min, then 40 cycles of 95� for 15 s, 59� for 30 s, and 72� for

45 s, with a final extension at 72� for 5 min. Each reaction

was performed in triplicate, and the mean ADAM17 mRNA

level for each tumor was compared with its matched

non-cancerous mucosa. The expression level of ADAM17

was expressed as 2-DDCt, where DCt = Ct (ADAM17) -

Ct (GAPDH).
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Immunohistochemistry analysis

ADAM17 protein expression in 220 tumor tissue samples

and 40 non-cancerous gastric tissues were confirmed by

immunohistochemistry analysis, which was performed on

formalin-fixed, paraffin-embedded, 3-lm-thick tissue sec-

tions using the avidin-biotin-peroxidase complex method.

The sections were deparaffinized and dehydrated using a

graded series of ethanol solutions. Endogenous peroxidase

activity was halted through the administration of 0.3%

hydrogen peroxidase and methanol for 20 min. After hav-

ing been rinsed in phosphate-buffered saline (PBS), the

tissue sections were processed in a 0.01 M citrate buffer

(pH 6.0) inside a heat-resistant plastic container. Sections

were then irradiated in a domestic microwave oven for

20 min. After microwave irradiation, the slides were

allowed to cool at room temperature. The following anti-

body was applied as the primary antibody: rabbit antibody

specific to ADAM17 (1: 15, Atlas Antibodies, Sigma-

Aldrich, USA). The sections were incubated with the pri-

mary antibody overnight at 4�C followed by the secondary

antibody. The results were visualized with diaminobenzi-

dine. In each immunohistochemistry run, the negative

controls were stained without primary antibody.

Following a hematoxylin counterstaining, immuno-

staining was scored by two independent experienced

pathologists, who were blinded to the clinicopathological

parameters and clinical outcomes of the patients. The

scores of the two pathologists were compared, and any

discrepant scores were trained through re-examining the

stainings by both pathologists to achieve a consensus score.

The number of positive-staining cells showing immunore-

activity on the cytoplasm for ADAM17 in ten representa-

tive microscopic fields was counted, and the percentage of

positive cells was calculated. The percentage scoring of

immunoreactive tumor cells was as follows: 0 (0%), 1

(1–10%), 2 (11–50%), and 3 ([50%). The staining inten-

sity was visually scored and stratified as follows: 0 (neg-

ative), 1 (weak), 2 (moderate), and 3 (strong). A final score

was obtained for each case by multiplying the percentage

and the intensity score. Therefore, tumors with a multiplied

score exceeding 4 (the median of the final scores for all

samples) were deemed to be positive expression of

ADAM17; all other scores were considered to be negative.

Statistical analysis

The software of SPSS version12.0 for Windows (SPSS Inc,

IL, USA) and SAS 9.1 (SAS Institute, Cary, NC) was used

for statistical analysis. Measurement data were analyzed

using Student’s t test, while categorical data were studied

using the V2 or Fisher’s exact test. Survival curves were

estimated using the Kaplan–Meier method, and the log

rank test was used to calculate differences between the

curves. Multivariate analysis using the Cox proportional

hazards regression model was performed to assess the

prognostic values of protein expression. Correlation coef-

ficients between protein expression and clinicopathological

features were estimated using the Pearson correlation

method. Differences were considered statistically signifi-

cant when P was less than 0.05.

Results

ADAM17 gene expression in gastric cancer tissue

and non-cancerous tissue

ADAM17 gene expression in gastric cancer tissues and

corresponding non-cancerous tissues was analyzed using

qRT-PCR. In gastric cancers, the expression levels of

ADAM17 gene were significantly higher (0.88 ± 0.40) than

in non-cancerous tissues (0.07 ± 0.03; P \ 0.0001; Fig. 1).

ADAM17 protein expression in gastric cancer

and non-cancerous gastric mucosa

The expression of ADAM17 protein in archived gastric

tissue samples and non-tumor mucosa was analyzed by

immunohistochemistry. ADAM17 was predominantly

expressed in the cytoplasm of epithelial cells. ADAM17 was

absent or weakly expressed in normal tissue. In 82.73% (182

of 220 cases) of gastric cancer tissues, ADAM17 was over-

expressed, significantly higher than 20.45% (45 of 220 cases)

in nonneoplastic tissues, with a significant difference in the

Fig. 1 Relative expression of ADAM17 gene in the corresponding

gastric cancers compared with that in non-cancerous gastric tissues.

The expression levels of ADAM17 gene in gastric cancers were much

higher (0.88 ± 0.40) than in non-cancerous tissues (0.07 ± 0.03;

P \ 0.0001)
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expression rates of ADAM17 between the cancer and the

normal tissues (V2 = 28.99, P \ 0.0001) (Fig. 2).

Association of the ADAM17 protein expression

with the clinicopathological features of gastric cancer

The association between ADAM17 expression and clinico-

pathological features of gastric cancer was further analyzed

as shown in Table 1. The results revealed a positive associ-

ation of ADAM17 expression with degree of tumor differ-

entiation (P = 0.006). In addition, ADAM17 expression

demonstrated a significantly positive correlation with the

depth of tumor invasion (P \ 0.0001). Moreover, ADAM17

expression in patients with lymph node metastasis and dis-

tant metastasis was significantly higher than that in patients

without metastasis, respectively (both P = 0.02). According

to TNM classification, stage I and II tumors showed signif-

icantly lower rates compared to stages III and IV (P = 0.03).

There was no significant relationship found between

ADAM17 expression and gender or age (both P [ 0.05).

Influence of the ADAM17 expression on survival

In stages I and II, the 5-year survival rate of patients with

positive expression of ADAM17 was both significantly

higher than in patients with negative expression (both

P \ 0.05; Fig. 3a, b). But in stage III and IV tumors, the

expression of ADAM17 did not correlate with the 5-year

survival rate (P [ 0.05). In terms of depth of invasion, the

5-year survival rate in patients with positive expression of

ADAM17 was significantly higher than in patients with

negative expression (both P \ 0.05; Fig. 3c, d). In the

group of lymph node-positive patients, those with

ADAM17-positive gastric cancer had a better survival rate

than patients with ADAM17-negative gastric cancer

(P \ 0.05; Fig. 3e). In the group of patients with distant

metastasis, those with ADAM17-positive gastric cancer

also had a better survival rate than patients with ADAM17-

negative gastric cancer (P \ 0.05; Fig. 3f).

Table 2 shows the multivariate analyses of factors related

to patient prognosis. Factors with possible prognostic effects

in gastric cancer were analyzed by Cox regression analysis.

The results revealed that lymph node metastases (P = 0.02),

distant metastases (P = 0.02), TNM stage (P = 0.01), and

Fig. 2 Immunohistochemical

staining of ADAM17 in the

gastric cancer and non-

cancerous gastric tissues

(9400). a The positive

expression of ADAM17 protein

was stained as yellow or

brownish yellow in the

cytoplasm of cancer cells. b The

absent or weak expression of

ADAM17 protein in non-

cancerous gastric mucosa cells

Table 1 Association of ADAM17 expression with the clinicopatho-

logical features of gastric cancer

Features No. of cases ADAM17 expression (n, %) P

Positive Negative

Age (years)

B55 112 96 (85.72) 16 (14.28) NS

[55 108 86 (79.63) 22 (20.37)

Gender

Male 160 137 (85.63) 23 (14.37) NS

Female 60 45 (75.00) 15 (25.00)

Differentiation degree

Well 40 20 (50.00) 20 (50.00) 0.006

Moderately 58 44 (75.86) 14 (24.14)

Poorly 122 118 (96.72) 4 (3.28)

Depth of invasion

T1/T2 71 46 (64.79) 25 (35.21) \0.0001

T3/T4 149 136 (91.28) 13 (8.72)

Lymph node metastasis

N0 42 9 (21.43) 33 (78.57) 0.02

N1 80 76 (97.00) 4 (5.00)

N2 68 67 (98.53) 1 (1.47)

N3 30 30 (100.00) 0 (0)

Distant metastasis

M0 190 154 (81.05) 36 (18.95) 0.02

M1 30 28 (93.33) 2 (6.67)

TNM stage 182 38

I 65 43 (66.15) 22 (33.85) 0.03

II 15 9 (60.00) 6 (40.00)

III 20 15 (75.00) 5 (25.00)

IV 120 115 (95.83) 5 (4.17)

‘NS’ refers to ‘no significant’
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expression of ADAM17 (P = 0.008) were independent

prognostic factors in patients with gastric cancer. However,

age, sex, tumor differentiation, and depth of tumor invasion

had no prognostic value.

Discussion

In the present study, the overexpression of ADAM17 gene

and protein in gastric cancer was verified by real-time

quantitative RT-PCR and immunohistochemistry analysis,

respectively. Expression of ADAM17 was upregulated

from early- to advanced-stage gastric cancer. Moreover,

ADAM17 expression was clearly upregulated in lymph

node and distant metastases. These results suggest that

ADAM17 expression in gastric cancer may play an

important role in the process of tumor initiation and dis-

semination of tumor cells to distant organs.

ADAM family has been demonstrated to be involved

in the process of proteolytic ‘shedding’ of membrane-

associated proteins and hence the rapid modulation of key

cell signaling pathways in the tumor microenvironment

[14, 15]. ADAM17, an important member of this family,

is the most extensively studied ADAM molecule. It sheds

a variety of important cell surface molecules, including

cytokines, growth factors, and adhesion molecules [7].

For one thing, ADAM17 plays key roles in early immune

defense mechanisms by releasing the soluble TNF-a,

which is a proinflammatory cytokine and a key mediator

in immune defense with a role in induction and amplifi-

cation of inflammation, as a response to external, poten-

tial threatening stimuli [16]. For another thing, ADAM17

is involved in cell proliferation and invasion by releasing

several ligands [17]. Recent studies found the upregula-

tion of ADAM17 in tissues at different pathologic

Fig. 3 Kaplan–Meier curves with univariate analyses (log rank) for

patients with positive ADAM17 expression versus negative ADAM17

expression tumors in stage I (a), stage II (b), T1/2 depth of invasion

(c), T3/4 depth of invasion (d), lymph node-positive metastasis (e),

and distant-positive metastasis (f)

Table 2 Multivariate analyses of prognostic factors in gastric cancer

Independent factors Multivariate P Hazard

ratio

95% confidence

interval

Age NS 1.26 0.73–2.20

Gender NS 1.35 0.77–2.35

Differentiation degree NS 1.18 0.48–2.95

Depth of invasion NS 1.42 1.01–2.28

Lymph node metastasis 0.02 4.17 1.03–18.92

Distant metastasis 0.02 4.28 1.06–19.18

TNM stage 0.01 4.76 1.09–19.63

ADAM17 expression 0.008 5.87 1.59–20.52

‘NS’ refers to ‘no significant’
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conditions including human cancers. ADAM17 is over-

expressed in cancers of the breast, ovary, kidney, colon,

and prostate [8–10]. In human prostate cancer cells,

ectopic overexpression of ADAM17 resulted in increased

cell proliferation, and ADAM17 promoted G1- to S-phase

transition concomitantly with upregulation of cyclin E,

CDK2, and downregulation of p21 and p27 proteins [18].

It has been shown that ADAM17-mediated EGFR ligand

cleavage enhances the proliferation and survival of

squamous cell carcinoma cells as well as lung cancer

cells [19, 20]. In addition, ADAM17 promotes the breast

cancer cell’s malignant phenotype by increased prolifer-

ation, invasion, and angiogenesis. It contributes to breast

cancer progression through the activation of the EGFR-

PI3 K-AKT signal pathway [21]. Moreover, the inhibition

of ADAM17-mediated shedding of proTGF-a reduces the

size of xenografts in nude mice suggest that ADAM17 is

a target for tumorigenesis [22]. Treatment of breast can-

cer cell lines with anti-ADAM17 antibodies leads to a

decrease in cell proliferation [23]. In the current study,

the ADAM17 expression pattern was observed in gastric

normal mucosa and cancers, and it was significantly

higher in cancer than in normal tissue, which indicated

that the expression of ADAM17 was upregulated in

gastric cancer in consistent with the previous study of

Yoshimura et al. [11]. Analyzing the relationship between

ADAM17 expression and clinicopathological parameters

of gastric cancer, we found that expression of ADAM17

was significantly correlated with the progression of

stomach carcinoma, the differentiation, lymph node

metastasis, depth of invasion, and TNM stage suggesting

that ADAM17 may play an important role in the devel-

opment and progression of stomach malignant tumor.

Furthermore, in stage I and II tumors, the 5-year sur-

vival rates of patients with high expressions of ADAM17

were significantly higher than those in patients with low

expression. In stage III and IV tumors, expression of

ADAM17 did not correlate with 5-year survival rate. Cox

regression analysis revealed that only lymph node

metastases and distant metastases, TNM stage, and

expression of ADAM17 were independent prognostic

factors in patients with gastric cancer suggesting that

ADAM17 is an important marker for aid in the detection

of cancer.

In conclusion, our data suggest for the first time that the

increased expression of ADAM17 in gastric cancer is

associated significantly with aggressive progression and

poor prognosis. ADAM17 may be an important molecular

marker for predicting the carcinogenesis, progression, and

prognosis of gastric cancer. This is the first report to sug-

gest a relationship between ADAM17 and prognosis in

patients with gastric cancer, and further prospective anal-

ysis would be worth doing.
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