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Abstract. Tumor necrosis factor (TNF)‑α‑induced protein 8 
(TIPE) is a recently identified protein that is considered to 
be associated with various malignancies, including esopha-
geal, breast and pancreatic cancer; however, the importance 
of TIPE in gastric cancer (GC) remains unknown. Decoy 
receptor  3 (DcR3) is a member of the tumor necrosis 
factor receptor superfamily that is expressed in digestive 
system neoplasms. The expression of DcR3 is regulated 
by the mitogen‑activated protein kinase (MAPK)/MAPK 
kinase/extracellular signal‑regulated kinase (ERK) signaling 
pathway. Reverse transcription‑polymerase chain reaction was 
performed to detect the expression of TIPE, ERK and DcR3 
in the pathological and tumor‑adjacent normal gastric tissues 
of 30 patients that demonstrated stage III gastric adenocar-
cinoma. The expression and distribution of the TIPE protein 
was examined using immunohistochemistry, and the clinical 
significance and expression levels of DcR3 and ERK1/2 were 
evaluated. The expression of TIPE, ERK1/2 and DcR3 in the 
tumor tissues of GC was significantly increased compared with 
paracarcinoma tissues (P<0.05). In addition, TIPE expression 
positively correlated with DcR3 and ERK1 levels (r=0.538 and 

r=0.462, respectively; P<0.05). There was no statistical differ-
ence between tumor tissues from patients with varying age, 
gender, differentiation or lymph node metastasis (P>0.05). 
TIPE may be vital in the progression of GC. TIPE may be 
associated with the expression of DcR3 and ERK1/2, which 
may be involved in the cell apoptosis of GC. The present study 
elucidates the potential function of TIPE as a novel marker and 
therapeutic target for GC.

Introduction

Gastric cancer (GC) is a leading cause of cancer‑associated 
mortality worldwide, is responsible for 700,000 mortalities 
annually, and remains highly prevalent in numerous regions of 
Asia, Eastern Europe and South America (1). The majority of 
patients with GC are diagnosed at an advanced stage of disease, 
and the overall 5‑year survival rate for patients with resect-
able GC remains low at 10‑30%, despite clinical advances in 
surgery and therapy (2,3). The elucidation of molecules and 
signaling pathways that drive aggressive and metastatic GC 
is likely to offer novel avenues for the early identification and 
therapeutic intervention of GC.

Tumor necrosis factor (TNF)‑α‑induced protein 8 (TIPE), 
also termed squamous cell carcinoma‑stage 2 protein, 
cyclin G2‑1 and nuclear factor‑κB‑inducible death effector 
domain‑containing protein, was identified in a comparison 
between the expression profile of a primary human head and 
neck squamous cell carcinoma (HNSCC) cell line and the 
matching metastatic HNSCC‑derived cell line (4). TIPE is a 
21 kDa cytosolic TNF‑α‑inducible molecule and a member of 
the Fas‑associated death domain‑like interleukin‑1β‑converting 
enzyme‑like inhibitory protein family of cell death inhibi-
tory proteins (5). The overexpression of TIPE contributes to 
enhanced DNA synthesis, cell proliferation and an inhibi-
tion of the activities of the apoptotic enzymes caspase  8 
and caspase 3 (6,7). TIPE mRNA expression is induced by 
the activation of transcription factor nuclear factor (NF)‑κB 
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and TNF‑α in human cancer cells, vascular endothelial cells 
and primary rheumatoid arthritis synovial fibroblasts. The 
TNF‑α‑mediated induction of TIPE mRNA may be reversed 
by IκBα, an inhibitor of NF‑κB, and the expression of TIPE 
in NF‑κB‑null cells inhibits TNF‑α‑induced apoptosis (8). 
Collectively, the aforementioned functional studies indicate 
that TIPE is an oncogenic factor that is important for tumor 
progression, and that the exogenous expression of TIPE 
enhances cell survival.

With regard to the possible role of TIPE in tumorigenesis and 
tumor progression, TIPE overexpression has exhibited clinical 
relevance by frequently occurring in several types of cancer 
tissues, including in lung, colon, prostate and cervical cancer, 
esophageal squamous cell carcinoma and papillary thyroid 
carcinoma (9,10). The exogenous expression of TIPE in tumor 
cells is associated with enhanced proliferation, cell migration 
and tumor growth (11). The knockdown of TIPE expression in 
tumor cells reduces tumorigenicity, which indicates that TIPE 
may be important in oncogenesis. External‑signal regulated 
kinase (ERK) is a cytosolic receptor known to be pivotal in 
the nuclear protein import pathway in numerous cancers. The 
ERK pathway is linked to cellular proliferation, differentia-
tion and apoptosis (12). Decoy receptor 3 (DcR3) is usually 
expressed in tumor cells and competitively inhibits TNF 
signaling. The overexpression of DcR3 in tumor cells protects 
the cells from apoptosis (13). Therefore, DcR3 and ERK are 
vital in the development of GC (14).

To the best of our knowledge, no studies on TIPE in GC have 
been previously reported. The binding partners and signaling 
pathways of TIPE are also unknown. In the present study, the 
expression pattern of TIPE in GC and paracarcinoma tissues 
was compared, the correlation between the expression levels of 
TIPE was analyzed, and the clinical significance and expres-
sion of ERK and DcR3 was assessed. The results indicated 
that TIPE may be important in the progression of GC.

Patients and methods

Patients and tissues. A total of 30 GC tissues were obtained 
from 30 patients (27 male and 3 female) with stage III GC that 
had previously undergone complete resection at the Zhongshan 
Hospital (affiliated with Xiamen University; Xiamen, Fujian, 
China) between the years 2012 and 2013. The paracarcinoma 
tissue that was selected was located ≥5 cm away from the 
cancerous tissue. The tumor tissues from which the DNA was 
isolated were fresh specimens that were obtained during the 
resection surgery. DNA was isolated from the tissues 20 min 
after resection. None of the patients had received radiotherapy, 
chemotherapy or immunotherapy prior to the surgery. All 
samples were obtained with patient consent and approval of 
the Committee on Medical Ethics of Zhongshan Hospital, 
Xiamen University.

Follow‑up information was obtained from a review of the 
patients' medical records. The mean age of the patients was 
63.83 years (range, 43‑88 years). The histological diagnosis 
and grade of the differentiation were evaluated using hema-
toxylin and eosin (H&E; Beyotime Institute of Biotechnology, 
Shanghai, China)‑stained sections, according to the World 
Health Organization Guidelines of Classification  (15). All 
30 specimens were revaluated with respect to histological 

subtype, differentiation and tumor stage. The TNM staging 
system of Union for International Cancer Control was used 
to classify specimens (16).

Immunohistochemistry. The surgically excised tumor speci-
mens were fixed with 10% neutral formalin (Shanghai Jianglai 
Bio‑Technology Co., Ltd., Shanghai, China), embedded in 
paraffin (ZhongYou Chem, Xiamen, China), cut in a micro-
tome (RM2235; Leica Biosystems Nussloch GmbH, Nussloch, 
Germany) to the desired thickness of 4 µm, and stained with 
H&E to confirm the tumor. Immunohistochemical staining 
for TIPE was performed using the streptavidin‑peroxidase 
(ZSGB-BIO, Beijing, China) complex method. In brief, tissue 
sections were deparaffinized in xylene and rehydrated in a 
series of graded alcohol (100%, 95% and 80% for 5 min) 
using standard procedures. The sections were placed into 
an enamel cylinder (Shanghai Heqi Glassware Co., Ltd., 
Shanghai, China) that contained 10 mmol/l sodium citrate (pH 
6.0; Sigma‑Aldrich, St. Louis, MO, USA), which was heated 
using a gas burner at 95˚C for 5 min for antigen unmasking. 
The sections were then immersed in 3% hydrogen peroxide 
(Sangon Biotech  Co.,  Ltd., Shanghai, China) to remove 
the endogenous peroxidase. The sections were incubated 
with normal goat serum (Shanghai Haoran Bio Technolo-
gies Co., Ltd., Shanghai, China) to reduce nonspecific binding 
and then incubated at 4˚C overnight with rabbit anti‑human 
TIPE polyclonal antibody (cat. no. ab166804; dilution, 1:200; 
Abcam, Cambridge, MA, USA). The sections were then 
washed with phosphate‑buffered saline and incubated for 
30 min with biotinylated goat anti‑rabbit secondary antibody 

Table I. Primer sequences used for reverse transcription poly-
merase chain reaction.

Primer		  Fragment size,
pair	 Sequence, 5'‑3'	 base pairs

TIPE		  132
  F	 CCCAGGGAAGTGGCTACAGA	
  R	 GCCTCCTTCTTGTTCTGGGT	
ERK1		  205
  F	 CCTGCTCATCAACACCACC	
  R	 CGTAGCCACATACTCCGTCA	
ERK2		  180
  F	 TCTTCC AGCCCTCCTTCCTG	
  R	 CGTTTCTGCGCCGTTAGGT	
DcR3		  161
  F	 GCAAAGCCAAGGATTCCCCCTG	
  R	 GGCACTGCTCTGAGCTGGAGCTG	
β‑actin		 164
  F	 AGCCATGTACGTAGCCATCC	
  R	 ACCCTCATAGATGGGCACAG	

TIPE, tumor necrosis factor‑α‑induced protein  8; F, forward; R, 
reverse; ERK1, extracellular signal‑regulated protein kinase  1; 
ERK2, extracellular signal‑regulated protein kinase 2; DcR3, decoy 
receptor 3.
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at 37˚C. The substrate 3,3'‑diaminobenzidine tetrahydrochlo-
ride, which was dissolved in ultrapure water, was added in order 
to aid visualization of the expression.

RNA extraction and reverse transcription (RT)‑polymerase 
chain reaction (PCR). The total RNA was extracted from 
cells using TRIzol (Thermo Fisher Scientific, Waltham, MA, 
USA), in order to measure the TIPE/ERK/DcR3 gene copy 
number. The total RNA was extracted from the tissue using the 
TRIzol total RNA extraction reagent (CWbio, Beijing, China). 
The RNA quality and concentration were measured using a 
NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific). 
RT and PCR were performed using the Takara PrimeScript™ 
RT‑PCR kit (Takara Biotechnology Co., Ltd. Dalian, Liaoning, 
China) and the 2xEasyTaq® PCR super mix (TransGen, Beijing, 
China). Template cDNA was synthesized from 2.0 µg of the total 
RNA using RT‑PCR, which was performed using the Biometra 
TAdvanced Thermal Cycler (Biometra  GmbH, Göttingen, 
Germany). Briefly, in a total volume of 20 µl, the samples were 
incubated at 94˚C for 3 min, followed by 30 cycles of incubation 
at 94˚C for 30 sec, 56˚C for 30 sec and 72˚C for 1 min, and then 
held at 72˚C for 5 min. The sequences of the primer pairs are 
shown in Table I. The RT‑PCR results were analyzed using gel 
electrophoresis, the imaging outputs of which were compared 
using a grayscale analysis against the corresponding β‑actin, 
and recorded for basic statistical analysis.

Statistical analysis. All analyses were performed using 
SPSS version 20.0 for Windows (IBM SPSS, Armonk, NY, 
USA). The data were presented as the mean ± standard devia-
tion. The significance of the difference between groups was 
assessed using the Student's two‑tailed t‑test. Spearman's 
rank correlation coefficient was used to analyze the correla-
tion between TIPE, ERK and DcR3 expression. P<0.05 was 
considered to indicate a statistically significant difference. 
All mean values were calculated from at least three indepen-
dent experiments.

Results

Location of TIPE in stage III GC patients. To examine the 
distribution of TIPE, tumors from 30  patients were tested 
using immunohistochemistry. The results indicate that TIPE 
was expressed in the tumor tissues of the majority of the 
patients. TIPE expression was indicated in the cytoplasm and/or 
nucleolus of GC cells, and was not indicated in normal gastric 
mucosa (Fig. 1).

TIPE mRNA expression in stage III GC tissues. The analyses 
of the RT‑PCR results were used to confirm the mRNA 
levels. The mean expression value of TIPE mRNA in cancer 
tissues (0.7945±0.1451), which was normalized by β‑actin 
gene expression, was significantly increased compared 
with the value in tumor‑adjacent normal gastric tissues 
(0.5421±0.0990; P<0.05; comparative t‑test). There was a 
1.5‑fold difference between the TIPE expression in the tumor 
and normal tissues (Fig. 2; Table II).

Association between TIPE mRNA expression and the clini‑
copathological characteristics of GC. In the present study, 

all patients were diagnosed with pathological stage III GC; so 
the association of other pathological stages with TIPE was not 
analyzed. The distribution of TIPE status in GC according to 
the clinicopathological tests is reported in Table II. Table III 

Table II. Distribution of TIPE mRNA in the gastric tissues of 
30 patients.

Type of tissue	 TIPE mRNA value

Gastric cancer	 0.7945±0.1451
Adjacent	 0.5421±0.0990

P<0.05  for the distribution of TIPE mRNA in two tissue types. 
TIPE, tumor necrosis factor‑α‑induced protein 8.
 

Table IV. Distribution of DcR3, ERK1 and ERK2 mRNA in 
the gastric tissues of 30 patients.

Type of	 Gastric	 mRNA	
mRNA	 tissue	 value	 P‑value

DcR3	 Cancer	 2.1411±1.2424	 0.023
	 Normal	 1.8169±0.4850	
ERK1	 Cancer	 1.2497±0.6202	 0.033
	 Normal	 0.9656±0.6086	
ERK2	 Cancer	 1.1598±0.5080	 0.012
	 Normal	 0.8489±0.3659	

DcR3, decoy receptor 3; ERK1, extracellular signal‑regulated pro-
tein kinase 1; ERK2, extracellular signal‑regulated protein kinase 1.
 

Table III. Distribution of TIPE mRNA in gastric cancer 
patients, according to clinicopathological characteristics.

	 No. of	 TIPE mRNA	
Characteristics	 patients	 value	 P‑value

Gender			   0.532
  Male	 27	 1.5218±0.6817	
  Female	   3	 2.2047±1.5754	
Age, years			   0.595
  <65	 17	 1.6322±1.0004	
  65‑75	   9	 1.6806±0.4414	
  >75	   4	 1.2069±0.1187	
Nodal status			   0.559
  N1	   7	 1.3865±0.4333	
  N2	   8	 1.8311±1.4112	
  N3	 15	 1.5565±0.4200	
Differentiation			   0.337
  Moderate	 11	 1.4038±0.4502	
  Poor	 19	 1.6979±0.9333	

TIPE, tumor necrosis factor‑α‑induced protein 8.
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shows that no strong association was observed between TIPE 
and gender, age, nodal status or differentiation (P>0.05).

The association of TIPE with DcR3 and ERK  in GC. In 
order to identify the signaling molecules that are associ-
ated with TIPE, the expression of DcR3, ERK1 and ERK2 
in GC tissues and tumor‑adjacent normal gastric tissues 
was measured using RT‑PCR. DcR3 mRNA and ERK1/2 
mRNA was detected in tumor samples, and the mean expres-
sion value of DcR3 mRNA and ERK1/2 mRNA in cancer 
tissues was significantly increased compared with the value 
in non‑cancerous tissues (P<0.05; Table  IV). Spearman's 
rank correlation coefficient analysis (Figs. 3 and 4) revealed 
that TIPE expression was positively correlated with DcR3 
(r=0.733, P<0.05) and ERK1 (r=0.590, P<0.05) expression, 
but was not significantly correlated with ERK2 expression 
(P>0.05). In every case of high TIPE expression, DcR3 and 
ERK1 expression was increased compared with non‑tumor 
tissues.

Discussion

To the best of our knowledge, the present study is the first to 
report that, unlike in normal gastric tissues, TIPE expression 
is upregulated at the protein and mRNA levels in GC tissues. 
In the present study, the cytoplasmic and nuclear localization 
and high expression levels of TIPE were not significantly 
associated with gender, age, nodal status or differentiation. 
In addition, TIPE overexpression was correlated with DcR3 
and ERK1 expression in GC. The present study revealed a 
concomitant increase in TIPE and DcR3, ERK1 expression 
in cancer tissues, suggesting that TIPE may be important in 
the occurrence and progression of GC.

The increasing incidence, delayed detection and poor 
prognosis of advanced GC underline the requirement for 
novel diagnosis strategies, follow‑up and treatment. The 
TIPE family is a novel subfamily of death effector domain 
proteins that consists of TIPE, TIPE1, TIPE2 and TIPE3, 
with TIPE being the first identified member (17,18). TIPE 
was indicated to be expressed in various human cancer cell 
lines; in increased levels in A549 lung carcinoma, K562 
chronic myelogenous leukemia and MOLT‑4 lymphoblastic 
leukemia cells, and in lower levels in SW480 colorectal 
adenocarcinoma cells (19). TIPE overexpression was detected 

Figure 2. Expression of tumor necrosis factor‑α‑induced protein  8 in 
stage  III gastric cancer and normal tissues, analyzed using reverse 
transcription‑polymerase chain reaction (normalized to β‑actin).

Figure 3. Correlation between TIPE and DcR3 expression. TIPE, tumor 
necrosis factor‑α‑induced protein 8; DcR3, decoy receptor 3.

Figure 4. Correlation between TIPE and ERK1 expression. TIPE, tumor 
necrosis factor‑α‑induced protein 8; ERK1, extracellular signal‑regulated 
protein kinase 1.

Figure 1. Location of tumor necrosis factor‑α‑induced protein 8 in tissues 
analyzed using immunohistochemistry. (A) Stage III gastric cancer and 
(B) normal gastric mucosa (stain, 3,3'‑diaminobenzidine tetrahydrochloride; 
magnification, x10).

  A

  B
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in several human malignant tumors at the mRNA and protein 
level. Positive correlations between TIPE and the histological 
grade, residual tumor size, recurrence and metastases of the 
peritoneum and lymph node have been demonstrated in the 
present study. In a previous study, TIPE overexpression was 
indicated to be an independent predictor of recurrent prostate 
cancer (8). In another study, functional variants of TIPE were 
hypothesized to result in tumor progression and poor outcomes 
for cervical cancer, by inhibiting the response of tumor cells 
to platinum drugs, particularly cisplatin and nedaplatin (13). 
Collectively, the aforementioned studies indicate that TIPE may 
be important in oncogenesis. However, the expression of TIPE 
and the correlation with clinical pathological factors has not 
been defined in GC.

In the present study, protein expression in TIPE was examined 
using immunohistochemistry, and mRNA levels were examined 
using RT‑PCR in 30 GC tissues. The results indicated that TIPE 
was expressed in the cytoplasm and nucleolus of GC cells, 
and that TIPE mRNA expression was significantly increased 
in GC compared with normal gastric tissues. The results were 
consistent with a previous finding that TIPE is overexpressed in 
human malignant tumors (8‑10,14). However, no association was 
observed between TIPE mRNA expression and nodal status or 
differentiation in the present study. Considering that the partici-
pants of the present study were all patients with stage III GC, 
additional studies of patients at various pathological stages of the 
disease are of paramount importance to confirming this conclu-
sion, and if the sample size was increased, the findings may vary.

DcR3, also termed TR6, is a member of the tumor necrosis 
factor receptor superfamily, and is the decoy receptor for Fas 
ligand, tumor necrosis factor superfamily member 14 and 
TNF‑like ligand 1A (20,21). The DcR3 gene is expressed at 
a low levels in the human embryo, lung, brain, liver, spleen, 
stomach, colon, lymph nodes and spinal cord, and is expressed 
at a high levels in cancers, including gastrointestinal cancer, 
hepatocellular carcinoma and pancreatic cancer (22‑24). DcR3 
overexpression is associated with cell proliferation, lymph 
node metastasis, pathological stage and a significantly short-
ened survival rate (13,25). Mitogen‑activated protein kinases 
(MAPKs) are an important group of serine and threonine 
signaling kinases that activate certain transcription factors 
by causing a cascade of protein phosphorylation through a 
variety of extracellular stimuli. In addition, the extracellular 
signal‑regulated kinase (ERK) pathway is linked to cellular 
proliferation and differentiation and the proinflammatory 
cellular response. Previously, evidence has indicated that the 
expression of ERK1/2 was increased in certain cancers, which 
correlated with the TNM stages and prognosis (26,27). In the 
present study, the expression of DcR3 and ERK1/2 mRNA 
was detected in the same samples using RT‑PCR. The results 
indicated that the level of DcR3 and ERK1/2 mRNA in GC 
tissues is significantly increased compared with normal gastric 
tissues. Additionally, TIPE expression positively correlated with 
DcR3 and ERK1 when analyzed with Spearman's rank correla-
tion coefficient. Therefore, the samples that demonstrated high 
TIPE mRNA expression also demonstrated high DcR3 and 
ERK1 expression in stage III GC tissues.

The present findings indicate that TIPE may be impor-
tant in the oncogenesis and progression of GC. TIPE may, 
therefore, be considered as a novel marker and promising 

therapeutic target in GC patients. However, the present study 
has a number of limitations. The present study is a retrospec-
tive analysis and studies a limited number of patients. The 
protein expression was not examined using western blot 
analysis, and the mechanism behind the findings was not 
examined due to limited time. Therefore additional studies 
are required in order to examine a larger sample of patients, 
and to explore the possible mechanism of GC oncogenesis 
and progression caused by the overexpression of TIPE.
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