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Abstract. The present study aimed to assess the expression 
of endoplasmic reticulum oxidoreductin-1-like (ERO1L) in 
gastric cancer and determine its association with patient 
prognosis. A total of 105 patients with gastric cancer under-
going radical gastrectomy were selected for the current study. 
Gastric cancer tissues (the observation group) and normal 
gastric tissue adjacent to the carcinoma (the control group) 
were resected from patients. Levels of ERO1L mRNA and 
protein in tumor tissues and adjacent tissues were detected 
using reverse transcription-quantitative polymerase chain 
reaction, western blotting and immunohistochemistry. Patients 
were divided into two groups: A positive group and negative 
group, according to the expression of ERO1. The expression of 
ERO1L in gastric cancer and its association with patient prog-
nosis was analyzed. Levels of ERO1 mRNA and protein in 
gastric cancer were significantly higher than those of adjacent 
tissues (P<0.05). Immunohistochemical analysis demonstrated 
that there were 22 patients exhibiting negative expression 
of ERO1L and 83 patients exhibiting positive expression 
of ERO1L. The cumulative recurrence rates over 3 years in 
patients with positive expression of ERO1L were significantly 
higher than in patients with negative expression of ERO1L 
(P<0.05); the cumulative survival rates over 3 years in patients 
with positive expression of ERO1L were significantly lower 
than those of patients with negative expression of ERO1L 
(P<0.05). Thus, the current study determined that ERO1L was 
highly expressed in gastric cancer tissue. The high expression 
of ERO1L was associated with adverse prognoses in patients 

with gastric cancer. ERO1L may therefore be a therapeutic 
target for the prevention of gastric cancer.

Introduction

Gastric cancer is the second most common malignant tumor 
and has the second highest cancer-associated mortality rate in 
the world and the highest cancer-associated mortality rate in 
China (1). The morbidity and mortality rates of gastric cancer 
are increasing, posing an increasing threat to public health (2). 
The symptoms of gastric cancer are mostly non‑specific and 
this mainly accounts for its delay in presentation. The prognosis 
of patients with gastric cancer is closely associated with its 
diagnosis and treatment. The methods used to diagnose gastric 
cancer include endoscope, ultrasound and immunological 
detection (3). At present, there are multiple chemotherapy regi-
mens used for gastric cancer, which will be chosen according 
to the patient's condition and physical fitness (4). If standard-
ized comprehensive treatment is provided when patients are 
in the earlier stages of gastric cancer, the 5-year survival rate 
may be >90% and some patients enter remission. By contrast, 
although standardized comprehensive treatment is performed 
on patients with advanced gastric cancer, the 5-year survival 
rate remains <5% (5,6). In China, 70% of patients with gastric 
cancer are in the middle or advanced stages when a defini-
tive diagnosis is made. These patients are unable to undergo 
tumor resection and require chemotherapy instead. However, 
chemotherapy regimens often fail in such patients, as gastric 
cancer cells readily develop multidrug resistance (7,8). Thus, 
promoting the early detection, diagnosis and treatment of 
gastric cancer is key to improving the rates of remissio'n and 
survival in patients with gastric cancer. Additionally, it is vital 
to clarify the pathogenesis of gastric cancer to improve the 
treatment and prognosis of patients.

The endoplasmic reticulum oxidoreductin-1-like protein 
(ERO1L) gene is located on chromosome 14 in humans 
and is considered to be the primary source of endoplasmic 
reticulum (9). ERO1L protein is an oxidase in the endoplasmic 
reticulum which regulates hypoxia-induced oxidative protein 
folding. ERO1L may catalyze the formation of a protein 
folding disulfide bond and is thought to be involved in cellular 
apoptosis and tumor infiltration, as well as metastasis induced 
by endoplasmic reticulum stress (ERS) (10-12). The current 
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study assessed the expression of ERO1L in gastric cancer and 
analyzed the association between ERO1L expression and the 
prognosis of patients with gastric cancer, so as to elucidate the 
value of ERO1L protein in postoperative prognosis of gastric 
cancer.

Patients and methods

Patients. A total of 105 patients with gastric cancer under-
going radical gastrectomy at The First Affiliated Hospital of 
Henan University of Science and Technology (Henan, China) 
were recruited in the current study between October 2013 
and October 2015. There were 63 males and 42 females, with 
mean age of 53.7±12.8 years old (range, 39-75 years). Gastric 
cancer tissue and normal gastric tissue adjacent to the carci-
noma were taken from all patients during radical resection of 
gastric tumors. Lesions were not detected in normal adjacent 
tissues following pathological examination. The tumor loca-
tion in each patient varied. There were 46 cases in the gastric 
antrum/pylorus, 36 cases in gastric fundus/cardia and 23 cases 
in the gastric body. Additionally, the tumor-node-metastasis 
(TNM) stages of all patients were assessed (13). There were 
46 patients with TNM stage II and 59 patients had stage III. 
The current study was conducted in accordance with the decla-
ration of Helsinki and was approved by the Ethics Committee 
of the First Affiliated Hospital of Henan University of Science 
and Technology (Henan, China). Written informed consent 
was obtained from all participants.

RT‑PCR. A total of 0.1 g tissue was weighed and TRIzol 
(Takara, Biotechnology, Co., Ltd., Dalian, China) was added. 
The tissue was cut into small pieces using surgical scissors 
and ground using a glass homogenizer. Total RNA was 
extracted using TRIzol reagent (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
instructions. The final precipitation was dissolved in RNase 
free water, the optical density (OD) value of total RNA and 
OD260/OD280 were recorded to calculate RNA purity. RNA 
was transcribed into cDNA using the PrimeScript RT Reagent 
kit (Takara Biotechnology, Co., Ltd.), following the manufac-
turer's instructions. GAPDH was used as a reference gene. The 
primers used were as follows: ERO1L, forward, 5'-CCA TTA 
GTG CTG CCA-ACC AGT A-3' and reverse, 5'-ATC TGC ATC 
AGC ATC ACG GTC-3'; GAPDH, forward, 5'-AGA AGG CTG 
GGG CTC ATT TG-3' and reverse, 5'-AGG GGC CAT CCA CAG 
TCT TC-3'. The primer was diluted to 10 µmol/l-1. A PCR reac-
tion system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) 
was prepared with a total reaction volume of 20 µl. The PCR 
reaction conditions were as follows: Initiation for 3 min at 
94˚C, degeneration for 30 sec at 94˚C, annealing for 30 sec at 
60˚C and extension for 30 sec at 72˚C, for a total of 35 cycles. 
The data were directly read from the ABI 7500 Real-time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.) 
and quantitatively analyzed using the 2-ΔΔCq method (14).

Western blotting. A total of 0.15 g gastric cancer and normal 
tissue was weighed and cut into pieces using the scissors. The 
sample was ground using the glass homogenizer, washed using 
10X pre‑cooled PBS, centrifuged at 3,000 x g for 5 min at 4˚C. 
The supernatant was removed, radioimmunoprecipitation 

assay buffer (Beyotime Institute of Biotechnology, Shanghai, 
China) was placed in the ice box, lyzed for 30 min and centri-
fuged at 15,000 x g for 10 min at 4˚C. The supernatant was 
removed and protein concentration was determined using the 
BCA protein assay kit (Beyotime Institute of Biotechnology), 
5X SDS sample buffer was added; the final concentration 
was 1X. The sample was boiled for 30 min prior to 12% 
SDS-PAGE (100 ng protein per lane). The protein was then 
transferred onto PVEF membranes and blocked with 5% 
nonfat milk powder for 30 min at room temperature. Mouse 
anti human ERO1L monoclonal antibody (dilution, 1:1,000; 
cat. no. ab57177; Abcam, Cambridge, UK) was added, incu-
bated overnight at 4˚C, prior to washing with PBST three 
times for 5 min each time. Goat-anti-mouse immunoglobulin 
G monoclonal antibody (dilution, 1:2,000; cat. no. sc-2005; 
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) was 
added and incubated at room temperature for 1 h. The 
3,3'-diaminobenzidine (DAB) reagent (Beyotime Institute of 
Biotechnology) was used for visualization and photographed. 
GAPDH antibody (dilution, 1:2,000; cat. no, sc-25778; Santa 
Cruz Biotechnology, Inc.) was used as an internal reference, 
and incubated overnight at 4˚C. Results were analyzed using 
the Image J software (version 1.38, National Institutes of 
Health, Bethesda, MD, USA) and the relative expression of 
target protein was calculated.

Immunohistochemical analysis. The tissue specimens, 
including controls and gastric cancer tissue, were embedded in 
paraffin using embedding agent at room temperature for 1 h, 
continuously cut into 4 mm slices, adhered on a glass slide 
processed with polylysine, baked in an oven at 50˚C for 1 h, 
hydrated using xylene and 100, 95, 80 and 75% ethanol and 
washed three times with distilled water. The slides were then 
arranged in the buffer solution containing sodium citrate, 
heated twice for 8 min each time and washed with PBS three 
times. Slides were then incubated in 3% H2O2 solution at room 
temperature for 10 min to block endogenous catalase activity 
and followed by three washes with PBS 5 min each time. 
The ERO1L antibody (dilution, 1:100; cat. no. ab57177) was 
added, incubated overnight at 4˚C and washed 3 times using 
PBST for 5 min each time. Subsequently, 10% goat-anti-mouse 
secondary antibody (dilution, 1:2,000; cat. no. sc-2005; Santa 
Cruz Biotechnology, Inc.) was added, incubated at room 
temperature for 1 h and washed for 3 times using PBST for 
5 min each time. DAB development, staining with hematoxylin, 
0.1% hydrochloric acid differentiation, dehydration, transpar-
ency and neutral resin sealing were performed successively. 
A fluorescent microscope (BX61 Automated Fluorescent 
Microscope; Olympus Corporation, Tokyo, Japan) was used to 
observe the above results at magnification, x200.

Observation index. Microscope observation demonstrated that 
ERO1L protein was primarily detected in the cytoplasm. The 
staining was pale yellow and brown and cells were analyzed 
according to cell staining intensity. For each tissue section, 
5 high power fields were selected. A total of 100 target cells were 
counted under each high power field. The average percentage 
of 5 fields was judged as the result. Staining evaluation was 
performed as follows: 0, all negative; 1, positive cells ≤10%; 
2, positive cells 11-50%; 3, positive cells 51-75%; 4, positive 
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cells >75%. Staining intensity was evaluated as follows: 0, no 
staining; 1, pale yellow; 2, brown; 3, deep yellow. The two 
scores were multiplied and the total score was the demarcation 
point. <4 was determined to indicate negative ERO1L expres-
sion and ≥4 was determined to indicate positive expression of 
ERO1L. The cumulative survival and recurrence rates were 
evaluated in the ERO1L positive and negative groups.

Statistical analysis. All data were analyzed using SPSS 17.0 
statistical software (SPSS, Inc, Chicago, IL, USA). All 
measurement data are presented as the mean ± standard devia-
tion. The measurement data among groups were compared 
using the Student's t-test. The cumulative survival and recur-
rence rates were analyzed using the log-Rank test. P<0.05 
indicated a statistically significant difference.

Results

Comparison of ERO1L mRNA levels between the two groups 
of tissue. The results of RT-qPCR indicated that ERO1L 
mRNA levels in gastric cancer tissues were significantly 
higher compared with normal adjacent tissues and that this 
difference was statistically significant (P<0.05; Fig. 1).

Comparison of ERO1L protein expression in the two groups 
of tissue. The results of the western blot analysis demonstrated 
that, compared with adjacent tissues, ERO1L expression in 
gastric cancer tissue was significantly higher (P<0.05; Fig. 2).

ERO1L protein expression in the two groups of tissues. As 
presented in Fig. 3, the results of immunohistochemistry 
demonstrated that ERO1L was primarily expressed in the 
cytoplasm, but was not expressed in the nucleus or cell 
membrane. Results from immunohistochemistry demon-
strated that expression of ERO1L was negative in the adjacent 
tissues, whereas its expression was markedly increased in 
gastric cancer tissues. In gastric cancer tissue, the expression 
of ERO1L was positive in 83 cases and negative in 22 cases.

Expression of ERO1L and its association with the prognosis of 
patients. As presented in Fig. 4, all patients were followed up 

for >36 months. Kaplan-Meier curve indicated that the cumu-
lative recurrence rates at 1, 2 and 3 years were 25.30% (n=21), 
38.55% (n=32) and 48.19% (n=40) in ERO1L positive patients; 
The cumulative recurrence rates within 1, 2 and 3 years were 
13.64% (n=3), 22.73% (n=5) and 31.82% (n=7) respectively 
in ERO1L negative patients. The cumulative recurrence rate 
of ERO1L positive patients was significantly higher than 
that of negative patients, and the difference was statistically 
significant (P<0.05; Fig. 4A). Log-Rank test indicated that the 
cumulative survival rates for 1, 2 and 3 years were 75.90% 
(n=63), 63.86% (n=53) and 49.40% (n=41) respectively in 
patients positive for ERO1L. By contrast, the cumulative 
survival rates for 1, 2 and 3 years were 90.91% (n=20), 81.82% 
(n=18) and 72.73% (n=16) respectively, in patients negative for 
ERO1L. The cumulative survival rate in patients positive for 
ERO1L was significantly lower than that of patients negative 
for ERO1L (P<0.05; Fig. 4B).

Discussion

Gastric cancer is a type of malignant tumor originating from 
the mucosal epithelial cells of the gastric wall surface layer 
and can occur in various different areas of the stomach (15). In 
China, the incidence and mortality rates of gastric cancer are 
the highest of all malignant tumors. The clinical manifestations 
of early gastric cancer are mucosal dysplasia and intestinal 
metaplasia, associated with chronic atrophic gastritis, and have 
poor specificity, which do not attract the attention of patients 
and clinicians (16). The majority of patients are in the middle 
and advanced stages of gastric cancer when they are diagnosed, 
which is often accompanied by infiltration of adjacent tissues 
and organs or varying degrees of distant metastasis. In China, 
most patients generally visit a doctor when marked symptoms 
occur, which usually occurs when patients are in the middle 
and advanced stage of gastric cancer. Therefore, the diagnosis 
rate of patients with early gastric cancer accounts for <10% of 
all gastric cancer diagnoses in China (17-19). At present, treat-
ments for gastric cancer primarily rely on surgical treatment, 
combined with radiotherapy and chemotherapy and marked 
progress has been made in the efficacy of treatments. However, 
the long-term survival rate of patients remains low and patient 
quality of life is low. The mechanisms responsible for the 
occurrence, development and prognosis of gastric cancer are 
still not fully understood. The present data indicate that they 
are closely associated with a number of factors. Therefore, it is 
important to identify a novel molecular target for clinical treat-
ment and curative effect prediction (20,21). Previous studies 
determined that endoplasmic reticulum oxide (ERO1L) may 
be used as a potential marker of gastric cancer (22). Therefore, 
the role of ERO1L in the occurrence and development of 
gastric cancer was assessed in the current study.

The endoplasmic reticulum is the primary organelle 
of the cell and its primary function is to be responsible for 
the folding of protein and to maintain cell homeostasis (23). 
The stimulation of certain physiological, biochemical and 
pathological factors can lead to oxidative stress, so as to 
affect protein folding, the accumulation of unfolded protein 
and the misfolding of proteins in the endoplasmic reticulum, 
which leads to ERS (21,24). It was previously determined that 
ERS was prevalent in tumor tissues (25). ERS was positively 

Figure 1. Analysis of ERO1L mRNA levels in control and gastric cancer 
tissues by reverse transcription-quantitative polymerase chain reaction. Data 
are presented as the mean + standard deviation. *P<0.05. ERO1L, endo-
plasmic reticulum oxidoreductin-1-like.
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correlated with the depth of tumor invasion and degree of 
metastasis, indicating that ERS might be an important induce-
ment of invasion and metastasis of tumor cells (26). ERS, a 
type of self-protective reaction of the cells, is involved in the 
occurrence and development of breast, liver and pancreatic 
cancer (27-29). ERO1L may promote the formation of a disul-
fide bond of unfolded protein and can maintain the appropriate 
oxidation environment of the endoplasmic reticulum as a redox 
sensor (30). It was determined that the appropriate inhibition 
of ERO1L may promote the transduction of an anti-severe 
ERS signal. Thus, ERO1L serves an important role in main-
taining the function of ER and comprehensive abilities (10,31). 
In the present study, the expression of ERO1L in gastric cancer 
and adjacent normal tissue was determined by RT-qPCR and 

western blotting. The results determined that the expression of 
ERO1L in gastric cancer tissue was significantly higher than 
in adjacent tissues both at the mRNA and protein levels. In 
addition, immunofluorescence quantitative analysis of ERO1L 
protein indicated that among the 105 patients, 83 were ERO1L 
positive and 22 were ERO1L negative. The expression of 
ERO1L in normal adjacent tissues was negative. Further anal-
ysis of the association between ERO1L and patient prognosis 
demonstrated that the cumulative recurrence rate in ERO1L 
positive patients was significantly higher than that of patients 
with negative ERO1L. Furthermore, the cumulative survival 
rate was significantly lower in patients with positive ERO1L 
than those with negative ERO1L. The aforementioned results 
indicate that high ERO1L expression is closely associated 

Figure 4. The cumulative recurrence rate and survival rate over 12, 24 and 36 months in patients who were ERO1L negative compared with those who were 
ERO1L positive. (A) Cumulative recurrence rate curve and (B) Cumulative survival rate curve. *P<0.05. ERO1L, endoplasmic reticulum oxidoreductin-1-like.

Figure 2. Comparison of ERO1L expression in the two groups of tissue. (A) Western blots indicating ERO1L expression in the gastric cancer and adjacent 
normal tissue. (B) ERO1L expression in the two groups as determined by quantitative analysis. Data are presented as the mean ± standard deviation. *P<0.05. 
ERO1L, endoplasmic reticulum oxidoreductin-1-like.

Figure 3. Immunochemical assay results of endoplasmic reticulum oxidoreductin-1-like expression in the two groups of tissue. (A) Control tissue and (B) gastric 
cancer tissue. Magnification, x200.
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with patient prognosis. Further studies are required to further 
elucidate the role of ERO1L in gastric cancer.

In conclusion, ERO1L is highly expressed in gastric cancer 
tissue and is associated with poor prognosis in patients with 
gastric cancer. ERO1L is expected to become a target for the 
prevention of gastric cancer.
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