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Abstract
AIM: To investigate the expression of gastrokine 1 
(GKN1) in normal gastric mucosa, precancerous lesions 
and gastric cancer tissues, and to analyse its correla-
tions with tumour site and pathological pattern.

METHODS: Thirty gastric cancer patients (12 cases of 
diffuse type and 18 cases of intestinal type), 13 atro-
phic gastritis patients and 15 healthy volunteers with 
almost normal gastric mucosa (superficial gastritis) 
were enrolled in this study. Helicobacter pylori  (H. py-
lori ) infection was examined in all subjects. All gastric 
mucosa biopsy specimens were obtained. Cancer-adja-
cent specimens were taken from corresponding gastric 
cancer patients. Immunohistochemistry and real-time 
PCR were performed to determine the expressions of 
the GKN1 protein and mRNA, respectively.

RESULTS: H. pylori  infection had no significant as-
sociation with age, gender, tumour site or pathological 
pattern in all subjects. Compared with the superficial 
gastritis and atrophic gastritis groups, the expression 
of GKN1 protein (P  = 0.011) and mRNA (P  < 0.001) in 
gastric cancer was significantly decreased. The GKN1 

mRNA level in diffuse type gastric cancer was signifi-
cantly lower than in intestinal type gastric cancer (0.296 
± 0.076 vs  0.525 ± 0.164, P  < 0.001).

CONCLUSION: Compared with almost normal gastric 
mucosa, GKN1 expression in the gastric mucosa of 
gastric cancer patients is decreased; this is associated 
with progression and prognosis of gastric cancer.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The current study evaluated the expression of 
gastrokine 1 (GKN1) in normal gastric mucosa, gastric 
cancer tissues and gastric lesions. We found that GKN1 
expression was decreased in gastric cancer tissues. 
Furthermore, low expression of GKN1 was particularly 
associated with diffuse types of gastric cancer patients. 
The role of GKN1 in gastric carcinogenesis requires 
further investigation.
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INTRODUCTION
Gastric cancer is the fourth most common cancer and 
second leading cause of  cancer death worldwide[1,2], with 
a high incidence in Asia[3]. In China, the incidence of  
gastric cancer ranks third among all malignant tumours[4]. 
According to a study conducted by Sun et al[5], the mor-
tality rate of  gastric cancer in China is 26.3 per 100000. 
The risk factors for gastric cancer include Helicobacter 
pylori (H. pylori) infection, geographical location, diet, 
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Table 1  Clinical characteristics and pathological data of the four groups
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and the population’ genetic background[2,6]. However, 
the aetiology of  gastric cancer is unclear. Identifying the 
prevalent risk factors of  gastric cancer may contribute 
to preventing tumour growth and spread, and could re-
duce the incidence and mortality. According to the clas-
sification criteria developed by Lauren in 1965[7], gastric 
cancer is frequently divided into the intestinal type and 
the diffuse type. The intestinal type is more common 
in males and older age groups, while the diffuse type is 
more common in younger age groups; the incidence has 
no association with sex difference[8]. The different histo-
logical types may have different molecular changes and 
aetiologies.

Gastrokine 1 (GKN1), also known as AMP18 or CA11, 
has been detected recently in normal gastric mucosa, but 
not in other regions of  the gastrointestinal tract[9]. De-
creased GKN1 expression is found in gastric cancer tis-
sues and precancerous lesions[10,11]. In H. pylori infection-
induced lesions, GKN1 is also downregulated[12,13]. Some 
studies have reported that GKN1 is involved in the 
protection of  gastric mucosal integrity, has roles in mu-
cosal healing after lesions, and that the overexpression 
of  GKN1 in gastric cancer cells can induce apoptosis[14]. 
Although the function of  GKN1 has not been clearly 
defined in previous studies, it is strongly suggested that 
GKN1 may play a role as a tumour suppressor in, and is 
a biomarker for, gastric cancer[15].

In the present study, we examined the expression of  
GKN1 in normal gastric mucosa, precancerous lesions 
and gastric cancer tissues. The relationships between 
GKN1 expression with gastric cancer histological type 
and H. pylori infection were investigated.

MATERIALS AND METHODS
Subjects
Patients with gastric cancer and precancerous lesions in 
the Second Affiliated Hospital of  Xi’an Jiao Tong Uni-
versity of  Medicine School (Xi’an, China) and People’ 
Hospital of  Yan’an (Yan’an, China) were enrolled in this 
study from July 2010 to July 2012. There were 30 gastric 
cancer patients (12 cases of  diffuse type and 18 cases of  
intestinal type) and 13 atrophic gastritis patients, who 
were confirmed through pathological diagnosis by at 
least two different specialists. No patient received pre-
operative chemotherapy or radiotherapy. Fifteen healthy 
volunteers with almost normal gastric mucosa (superficial 
gastritis), and without any history of  gastric cancer, were 

selected as controls. Patients with other types of  tu-
mours were excluded. All subjects were examined for H. 
pylori infection using the rapid urea test, C13 urea breath 
test and serum antibody test. A positive diagnosis was 
defined when the results of  two or more methods were 
positive. The clinical and pathological data are described 
in Table 1.

All subjects received gastroscopy and all gastric mu-
cosa biopsy specimens were obtained. Cancer-adjacent 
biopsy specimens were taken from corresponding gastric 
cancer patients, with a distance of  5 cm to the visible 
edge of  the tumour tissue. Each specimen was immedi-
ately frozen in liquid nitrogen for 1 h and subsequently 
stored at -80 ℃ for subsequent analysis. At least three 
slides were made for different areas of  specimens in 
each group. The Ethics Committee of  the Second Affili-
ated Hospital of  Xi’an Jiao Tong University of  Medicine 
College approved this study. Informed consent was ob-
tained from all subjects.

Immunohistochemistry method
After being fixed in 10% formaldehyde, the tissues were 
embedded in paraffin and then cut into slices, before be-
ing placed onto slides. Antigen retrieval was performed 
in citrate buffer (pH = 6.0 ± 0.1) using the microwave 
method. The slides with the primary antibody, which 
were diluted 1:100 (Abcam Inc., Cambridge, MA, United 
States), were left overnight at 4 ℃. On the second day, 
after incubation with the second antibody for 25 min 
and streptavidin/peroxidase for 30 min, colouration 
analysis was performed. The results of  staining were as-
sessed quantitatively using IPP 6.0 software (Media Cy-
bernetics, Silver Springs, MD, United States).

Real-time PCR analysis
A Trizol reagent kit (Takara, Tokyo, Japan) was used to 
extract total cellular RNA from snap-frozen samples, ac-
cording to the manufacturer’s protocol. Absorbance at 
260 nm using an ND-1000 NanoDrop spectrophotom-
eter (NanoDrop Technologies, Wilmington, DE, United 
States) determined the concentration of  the RNA. 
In addition, electrophoresis on an ethidium bromide-
stained 1% agarose gel was used to assess RNA integrity. 
The PrimeScript™ RT reagent kit (Takara) was used to 
reverse transcribe the total cellular RNA at 37 ℃ for 15 
min; the reaction was stopped by heat inactivation for 
5 s at 85 ℃. Primer sequences used for amplification 
were as follows: GKN1 upstream primer, 5’-GCTT-
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Group Superficial gastritis Gastric cancer Cancer- Atrophic gastritis

Diffuse type Intestinal type adjacent
Case (n) 15 12 18 30 13
Age (yr) 54.3 ± 12.4 57.6 ± 10.9 59.8 ± 11.2 58.9 ± 11.08 60.5 ± 10.98
Gender (male/female) 10/5 8/4 12/6 20/10 8/5
H. pylori infection (positive/negative)   9/5 7/5 10/8 17/13 7/6

H. pylori: Helicobacter pylori.



Table 2  Tumour site and pathological pattern in the gastric 
cancer group

GCCTACTCCTCTGTCCACTG-3’, downstream prim-
er, 5’-CTCACTGACTGCTGCCCACTTCC-3’; β-actin 
upstream primer, 5’-AGGAAGGAAGGCTGGAA-
GAGTG-3’, downstream primer, 5’-AGGAAGGAAG-
GCTGGAAGAGTG-3’. An iCycler iQ system (Bio-
Rad Laboratories Inc., Hercules, CA, United States) was 
used for mRNA expression analysis using quantitative 
real-time PCR. Real-time PCR was performed using an 
ABI PRISM 7500 sequence detector and SYBR green I 
chemistry (Applied Biosystems, Foster City, CA, United 
States). PCR conditions were as follows: 3 min denatura-
tion at 94 ℃ in a final volume of  25 μL, followed by 35 
cycles of  95 ℃ for 30 s, 60 ℃ for 30 s and 72 ℃ for 30 
s. The PCR amplification products were determined us-
ing agarose gel electrophoresis. Melt curve analysis was 
performed to determine the specificity of  PCR products. 
All cDNA samples were analysed in duplicate. The ex-
pression of  β-actin was used as the internal control. Ex-
pression levels in various biopsy specimens were quanti-
fied by calculating the initial target concentrations using 
the obtained threshold cycle values. Calculation of  the 
fold-change in mRNA expression was performed rela-
tive to the β-actin endogenous control using the 2-△△Ct  
method.

Statistical analysis
Data were expressed as means ± SD. Statistical analysis 
was performed using SPSS 16.0 statistical software (SPSS 
Inc., IL, United States). Tukey’s t-test or ANOVA were 
used to analyse the differences between the groups. P < 
0.05 was considered statistically significant.

RESULTS
Clinical characteristics and pathological data
The clinical characteristics and pathological data of  the 
subjects are shown in Tables 1 and 2. The relationship 
between H. pylori infection and clinical pathological fac-
tors was analysed using Logistic regression. H. pylori 
infection had no significant association with age, gender, 
tumour site or pathological pattern in all subjects.

Expression of GKN1 protein
Expression of  the GKN1 protein in gastric cancer was 
significantly decreased compared with the superficial gas-
tritis group (0.009 ± 0.001 vs 0.016 ± 0.002, P = 0.011) 
and atrophic gastritis group (0.009 ± 0.001 vs 0.015 ± 
0.002, P = 0.044, Figure 1). Expression of  the GKN1 
protein was also decreased in the cancer-adjacent group 
(0.009 ± 0.001). There was no significant difference be-
tween the atrophic gastritis and superficial gastritis groups 
(P = 0.803), or between the gastric cancer and cancer-ad-
jacent groups (P = 0.354). The immunoreactions mainly 
appeared in the nucleus, with hardly any staining in the 
cytoplasm, of  normal gastric epithelial cells, cancer cells, 
inflammatory cells and gland cells (Figure 2).

Expression of GKN1 mRNA
GKN1 mRNA was weakly expressed in the gastric cancer 
group (Figure 3). By contrast, GKN1 mRNA expression 
was abundant in the superficial gastritis group (0.989 ± 
0.181), and was significantly higher than in the gastric 
cancer group (0.433 ± 0.176, P < 0.001) and cancer-
adjacent group (0.626 ± 0.167, P < 0.001). In the atro-
phic gastritis group (0.819 ± 0.123), the expression level 
of  GKN1 was significantly lower than in the superficial 
gastritis group (P = 0.011). The mRNA level of  GKN1 
in diffuse type gastric cancer patients was lower than in 
intestinal type gastric cancer patients (Figure 4) (0.296 ± 
0.076 vs 0.525 ± 0.164, P < 0.001). Compared with the 
superficial gastritis group, the GKN1 mRNA levels in 
the two types of  gastric cancer were both decreased (P < 
0.001).

DISCUSSION
GKN1 is a novel protein that is exclusively expressed in 
normal gastric tissue, but absent in gastric cancer tissues. 
GKN1 is located in the superficial gastric epithelium, 
playing a significant role in protecting and maintaining 
gastric epithelium integrity after injury. If  the protein 
is downregulated, the repair process may be impaired. 
Recently, a number of  studies have found that deficiency 
of  GKN1 can result in instability of  the gastric epithe-
lium. Invasive factors such as H. pylori contribute to the 
downregulation of  GKN1, whilst inducing ulceration 
and cancer. GKN1 may play a key role in the progres-
sion of  gastric cancer, and may be a potential biomarker 
for the early detection of  gastric cancer.

16704 November 28, 2014|Volume 20|Issue 44|WJG|www.wjgnet.com

Index Case (n) P  value

Tumour site Upper and middle 20 > 0.05
Lower 10

Pathological pattern Diffusion 11 > 0.05
Intestines 19
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Figure 1  Expressions of Gastrokine 1 protein in the four groups. A: super-
ficial gastritis; B: atrophic gastritis; C: gastric cancer; D: Cancer-adjacent. aP < 
0.05 vs superficial gastritis group; bP < 0.05 vs the atrophic gastritis group.
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The present study investigated GNK1 expression in 
different mucosa biopsy specimens from gastric cancer, 
cancer-adjacent lesions, atrophic gastritis and normal con-
trol subjects (superficial gastritis patients). We found that 
GKN1 mRNA expression was progressively downregu-
lated from corresponding distant non-tumour tissues to 
tumour tissues, and was lower than in the control tissues 
of  both groups. This suggested that low or absent ex-
pression of  GKN1 may contribute to gastric carcinogen-
esis. This is consistent with a previous study that dem-

onstrated decreased GKN1 expression in gastric cancer 
tissues[16]. In addition, we analysed GKN1 expression in 
two types of  gastric cancer and found that the mRNA 
level of  GKN1 was lower in patients with diffuse type 
gastric cancer. This indicates that GKN1 may be related 
to tumour classification.

In conclusion, we found differential expression of  
GKN1 in gastric cancer tissue, gastric lesions and normal 
gastric tissue. Low expression of  GKN1 was especially 
detected in diffuse type gastric cancer patients. However, 
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Figure 2  Immunohistochemical staining results in the four groups. A: Superficial gastritis; B: Atrophic gastritis; C: Gastric cancer; D: Cancer-adjacent.
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Figure 3  Expressions of Gastrokine 1 mRNA in the four groups. aP < 0.05 
vs superficial gastritis group; cP < 0.01 vs superficial gastritis group; dP < 0.01 
vs gastric cancer group; eP < 0.01 vs cancer-adjacent group.

Figure 4  Expressions of Gastrokine 1 mRNA in diffuse type and intestinal 
type gastric cancer. cP < 0.01 vs superficial gastritis group; dP < 0.01 vs dif-
fuse type gastric cancer.
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the role of  GKN1 in gastric carcinogenesis requires fur-
ther studies.
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