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ABSTRACT

Background: Gastric cancer is one of the most common malignancies and is the second most common cause of 
death from cancer worldwide. Gastric cancer is a multistep process that is regulated by intrinsic and extrinsic cellular 
signals. Extrinsic factors include molecular patterns that are derived from either pathogens or cellular damage, which 
can promote tumourigenesis. Helicobacter pylori plays an important role in the pathogenesis of chronic gastritis and 
gastric adenocarcinoma. Receptor for Advanced Glycation End products (RAGE) is a pattern recognition receptor that 
binds multiple ligands derived from a damaged cell environment, and plays a critical role in promoting the intestinal 
tumorigenesis. The over-expression of RAGE has been associated with increased invasiveness and metastasis generation 
in different types of cancer, including gastric cancer. Therefore, the aim of this study was to evaluate the expression of 
RAGE protein in gastric carcinomas either in cases associated with Helicobacter pylori (Hp) infection or not, so as to 
predict its value as a target for therapy. 

Methods: 51 endoscopic and 19 surgical gastric biopsies including cases of gastric carcinoma, intestinal metaplasia 
and chronic gastritis were histopathologically and immunohistochemically studied for RAGE expression and were 
statistically discussed. 

Result: RAGE was not expressed in any case of gastritis or signet-ring gastric carcinoma. The RAGE cellular expression 
parameters were correlated significantly with the stages of gastric adenocarcinoma and lymph node metastasis and non-
significantly with the grade of neoplasia. Our results showed no significant correlation between RAGE expression and 
Hp infection, either in chronic gastritis or malignant cases. 

Conclusion: RAGE expression could be identified as a possible marker for target therapy in some types of gastric 
carcinoma, possibly to control its invasive and metastatic potential, however, its relation to Hp infection was not quite 
evident in our current study. 
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Introduction
Gastric cancer is one of the most common malignancies 
worldwide, with an estimated 934,000 cases reported 
globally in 2011, and is the second most common cause of 
death from cancer.[1] Gastric cancer is a multistep process 
that is regulated by intrinsic and extrinsic cellular signals. 
Extrinsic factors include molecular patterns that are 
derived from either pathogens or cellular damage, which 
can promote tumorigenesis.[2] Helicobacter pylori (Hp) is 
a gram-negative, spiral bacterium that colonizes gastric 
mucosa and plays an important role in the pathogenesis of 
chronic gastritis, peptic ulcer, gastric adenocarcinoma and 
mucosa-associated lymphoid tissue lymphoma.[3] Although 
the vast majority of Hp in colonized hosts are free-living, 
~20% bind to gastric epithelial cells and adherence is 
required for prolonged persistence in the stomach and 
for induction of injury.[4] RAGE is a membrane receptor, 
belonging to the immunoglobulin family, and the over-
expression of RAGE has been associated with increased 
invasiveness and metastasis generation in different types 
of cancer, including gastric cancer.[3] RAGE is a pattern 
recognition receptor that binds multiple ligands derived 
from a damaged cell environment, and plays a critical role 
in promoting the intestinal tumorigenesis.[2]  RAGE is also 
an important inflammatory mediator that modulates cross-
talk between survival pathways and autophagy in tumor 
cells. It sustains autophagy and limits apoptosis promoting 
tumor survival.[5] Although expressed at very low levels in 
normal tissues, chronic inflammatory conditions increase 
not only RAGE expression, but also the formation and 
release of some RAGE ligands.[6,7,8,9] 

Therefore, the aim of this study was to evaluate the 
expression of RAGE protein in gastric carcinomas either 
associated with Hp infestation or not, in order to estimate 
the value of it as a possible target for therapy.

Methods
Paraffin blocks of gastroscopic biopsies (51) and 
gasterectomy specimens (19) of 70 cases diagnosed as 
; gastric carcinoma (48 cases) , intestinal metaplasia 
associated with gastritis (16 cases) and chronic gastritis 
without intestinal metaplasia (6 cases) received in the 
pathology department of Theodor Bilharz Research 
institute, Cairo, Egypt in the interval from Jun. 2012 to 
Apr. 2014 were included in this study. Hematoxylin and 
eosin staining was done for routine diagnosis, grading 
and staging. Giemsa stain was used to help detection of 
Hp in examined gastric mucosal sections, applying the 
Sydney updated scoring system.[10] Immunohistochemical 
staining for RAGE was done, and its expression was 
evaluated and discussed.

Immunohistochemical Method
Anti-RAGE antibody (Santa Cruz Biotechnology) was 
used for immunohistochemical (IHC) detection of the 
expression of RAGE protein in tissue. Tissue sections were 
processed for IHC analysis of RAGE protein as follows. 
IHC examinations were carried out on 3 µm thick sections. 
For anti-RAGE IHC, unmasking was performed with 10 
mM sodium citrate buffer, pH 6.0, at 90°C for 30 min. 
Sections were incubated in 0.03% hydrogen peroxide 
for 10 min at room temperature, to remove endogenous 
peroxidase activity, and then in blocking serum (0.04% 
bovine serum albumin, A2153, Sigma-Aldrich, Shanghai, 
China, and 0.5% normal goat serum X0907, Dako 
Corporation, Carpinteria, CA, USA, in PBS) for 30 min 
at room temperature. Anti-RAGE antibody (A11): sc-
80652 RAGE Antibody (A11) is a mouse monoclonal 
IgG2a   provided at 200 µg/ml, raised against a truncated 
extracellular domain of RAGE of human origin   (Santa 
Cruz Biotechnology , USA)

The antibody was used at a dilution of 1:100. The 
antibody was incubated overnight at 4°C. Sections were 
then washed three times for 5 min in PBS. Non-specific 
staining was blocked 5% normal serum for 30 min at 
room temperature. Finally, staining was developed 
with diaminobenzidine substrate and sections were 
counterstained with hematoxylin. PBS replaced RAGE 
antibody in negative controls.[11]

Quantification of protein expression: The expression 
of RAGE was semiquantitatively estimated as the total 
membrano-cytoplasmic immunostaining scores, which 
were calculated as the product of a proportion score and an 
intensity score. The proportion and intensity of staining was 
evaluated independently. The proportion score reflected 
the fraction of positive staining cells (score 0: <5%, score 
1: 5%-10%, score 2: 10%-50%, score 3: 50%-75%, score 
4: >75%), and the intensity score represented the staining 
intensity (score 0: no staining, score 1: weak positive, score 
2: moderate positive, score 3: strong positive). Finally, 
a total expression score was given ranging from 0 to 12. 
Based on the analysis in advance, RAGE was regarded as 
negative expression in gastric cancer tissues if the score 
<2, and positive expression if the score ≥2.[11]

It is to be noted that expression of RAGE in cases of 
malignancy was estimated only in malignant cells, also, 
in cases of intestinal metaplasia estimation of RAGE 
expression was estimated in metaplastic cells, not including 
non-metaplastic gastric epithelial cells.

Statistical analysis: Statistical analysis was performed 
using SPSS.19 software program. For RAGE monoclonal 
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antibody, data were summarized as means and percentage. 
Means of groups were compared using unpaired t-test. For 
RAGE monoclonal antibody, data were summarized using 
cross tabulation. correlation tests served in correlating 
extent, intensity, and pattern of expression of the different 
RAGE parameters with other pathological features (grade, 
stage, inflammation, Hp,...etc).

The interpretation of p value: 

 p value of <0.05 was considered statistically significance.
p value of <0.01 was considered of high statistical 
significance.

Results
Seventy cases were examined in this study; of them 57 
biopsies were from male patients and 13 were from female 
patients, with the mean age of 52 years for males (range 
34 -72) and 56 years for females (range: 38-84), with no 
statistically significant difference (p>0.05). As regard 
malignant cases females represent 17 cases, while males 
represent 31 cases (p<0.01). For malignant cases, the 
mean age for female patients was 58 years while it was 
55 years for male patients, with no significant difference 
(p>0.05). (Table 1)

Most of the studied cases were positive for Hp (70%). 
Signet-ring carcinoma cases showed the highest 
percentage of Hp positivity (80%), followed by cases of 
intestinal metaplasia (68.75%), adenocarcinoma (68.42%) 
and gastritis (66.67%) without significant differences 
(p>0.05). (Table 2).

On the other hand a significant positive correlation was 
obtained between Hp score and the score of gastritis 
activity, and significantly inverse correlation with intensity 
of gastric inflammation (p<0.05 and p<0.01 respectively).

In all examined cases, the intensity of RAGE expression 
mostly in the cytoplasm of positive cells was inversely 
correlated with inflammatory activity (p< 0.05), while 
percentage of positive cells expressing RAGE was 

positively correlated with intensity of inflammatory 
reaction (p< 0.01).

The overall RAGE score showed positive correlation with 
the inflammatory intensity (p< 0.05) and inverse correlation 
with the inflammatory activity (p< 0.01). (Table 3)

In cases of gastric adenocarcinoma, all RAGE expression 
parameters were non-significantly correlated with tumor 
grade and Hp score ( p>0.05), while they were correlated 
positively with tumor stage and inflammatory intensity 
(p<0.01). On the other hand, Hp score was correlated 
positively with the inflammatory activity (p<0.05) and 
correlated inversely with the inflammatory intensity 
(p<0.01) (Table 4)

As regard RAGE expression, our study showed that it 
was absent in non-malignant gastric glandular epithelial 
cells and in all cases of signet-ring carcinoma. On the 
contrary, in cases of intestinal metaplasia, RAGE was 
expressed with significant intensity (p<0.05) and highly 
significant percentage (p<0.01) and consequently showed 
higher RAGE score compared to cases of adenocarcinoma 
(p<0.05). (Table 5)

In cases of adenocarcinoma, there were non-significantly 
higher values of RAGE intensity and scores in high grade 
tumors compared to low grade ones, also, there was a non-
significant difference between the mean percentage of 
RAGE expression in low and high grade tumors. (Table 6)

RAGE expression parameters (intensity, percentage and 
score) were non-significantly higher in Hp negative cases 
of adenocarcinoma compared to Hp positive cases (Table 7)

All RAGE expression parameters were significantly higher 
in high stages of gastric carcinoma compared to low ones 
(p<0.01). Also, cases with lymph node metastases (LN+ve) 
showed significantly higher values of RAGE intensity and 
overall score (p<0.01) but a non-significantly higher value 
of RAGE percentage compared to cases without lymph 
node metastases (LN-ve) (p>0.05). (Table 8).

Table 1: Demographic data for studied cases:

Diagnosis
Sex

Total
f m

Adenocarcinoma 14 24 38
Signet-ring carcinoma
Int. Metaplasia*

3
1

7
15

10
16

Gastritis 5 1 6
Total 23 47 70

*Intestinal metaplasia of gastric mucosa
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Table 2: Histopathological Diagnosis versus Helicobacter pylori infection:
Histopathology Hp 

Total
Negative Positive

Diagnosis

Adeno Ca 12(31.58%) 26(68.42%) 38(100%)
Signet-ring Ca

Metaplasia
Gastritis

2(20%)
5(31.25%)
2(33.33%)

8(80%)
11(68.75%)
4(66.67%)

10(100%)
16(100%)
6(100%)

Total 21(30%) 49(70%) 70(100%)
Non-significant differences (p> 0.05)

Table 3: Spearman’s correlation (rho) in the all-studied cases:
Hp (score) Inflammatory Intensity Inflammatory Activity

RAGE score -0.068 0.301* -0.392**

RAGE % 0.067 0.336** -0.105
RAGE Intensity -0.064 0.175 -0.408**

Inflammatory Activity 0.526* 0.077
Inflammatory Intensity -0.428**

*p<0.05 significant correlation ; **p<0.01 highly significant correlation

Table 4: Spearman’s correlation (rho) in adenocarcinoma cases:

Tumor Grade Tumor Stage Hp (score) Inflammatory 
Intensity

Inflammatory 
Activity

RAGE score 0.188 0.840** -0.206 0.535** -0.314
RAGE % 0.030 0.687** 0.004 0.587** 0.148
RAGE Int. 0.285 0.765** -0.171 0.331* -0.316

Inf. Act. -0.192 -0.454 0.351* 0.023
Inf. Int. -0.231 0.313 -0.419**

Hp (score) 0.110 -0.099
*p<0.05 significant correlation ; **p<0.01 highly significant correlation

Table 5: Differences in means of RAGE parameters between Adenocarcinoma and Intestinal metaplasia:

Diagnosis (Number) RAGE Intensity
Mean±SE

RAGE (%)
Mean±SE

RAGE Score
Mean±SE

Adenocarcinoma (38)
Metaplasia (16)

1.76±0.71
1.95±0.36

73.95±20.47
91.52±8.26

6.42±3.24
10.25±2.11

P value NS p< 0.01 p< 0.05
NS: nonsignificant difference (p>0.05)

Table 6: Difference in RAGE parameters in relation to grades of adenocarcinoma:

Grade of AdenoCa (N) RAGE Intensity
Mean±SEM

RAGE %
Mean±SEM

RAGE Score
Mean±SEM

Low Grdae (22)
High Grade (16)

1.59 ± 0.14
2.03 ± 0.18

74.09 ± 4.25
73.75 ± 5.47

5.91 ± 0.69
7.13 ± 0.81

No significant difference between groups (p>0.05)

Table 7: RAGE expression in relation to Hp infection in cases of gastric adenocarcinoma:

Hp detection (N) RAGE Intensity
Mean±SEM

RAGE %
Mean±SEM

RAGE Score
Mean±SEM

Hp -ve (12)
Hp +ve (26)

2.03 ± 0.25
1.65 ± 0.12

76.67 ± 3.55
72.69 ± 4.59

7.50 ± 1.06
5.92 ± 0.58

No significant difference between groups (p>0.05)
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Table 8: RAGE parameters in studied adenocarcinoma cases as regards histopathological stage and lymph nodes metastasis:
RAGE 

Parameter
Stage of Malignancy

Mean±SEM
LN metastasis

Mean±SEM
Low (7) High(12) -ve(4) +ve(6)

RAGE Intensity 1.29±0.18 2.50**±0.15 1.00±0 .00 2.50**±0.22
RAGE % 67.14±5.22 89.17**±0.29 85.00± 2.89 93.33± 3.33

RAGE Score 3.71±0.47 10.00**±0.55 3.75±0.25 10.33**± 0.95
* Significant difference between both groups (p< 0.05).
* High significant difference between both groups (p< 0.01).

Fig.1: Sections in gastritis cases showing low(1A) and high (1B) scores of Hp infection within superficial mucosal glands. 
(Giemsa stain, X400).

Fig. 2: Sections in case of gastritis showing (2A)  moderate inflammatory intensity and activity (H&E stain, X200) and (2B) 
negative expression of RAGE (Immunohistochemical stain for RAGE, X200).
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Fig. 2C: Sections in case of gastric intestinal metaplasia. (H&E stain, X200). Fig. (2D): High scores of RAGE expression in case 
of intestinal metaplasia. (Immunohistochemical stain for RAGE, X200).

Fig. 3: Sections in cases of low grade gastric superficial adenocarcinoma (3A)   exhibiting acinar  pattern (H&E stain,X200) 
showing mild RAGE expression (3B). (immunohistochemical stain, X200)

Fig. 3C: Invasive papillary carcinoma (H&Estain, X100) showing high expression of RAGE (3D) by immunohistochemistry (X100).
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Fig. 4: Sections in signet-ring gastric carcinoma (H&E stain,X200) (4A),  showing negative expression for RAGE by 
immunohistochemistry X200(4B).

Fig. 5: Sections in grade 3 invasive gastric adenocarcinoma, H&E stain, X200(5A), showing high RAGE expression stained by 
immunohistochemistry, X200 (5B).

Graph. (1): Comparison between RAGE scores in different grades, stages, LN 
metastasis and Hp detection status in cases of gastric adenocarcinoma.

**: high significant difference between relevant groups (p<0.01
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Discussion
Worldwide, gastric cancer (GC) is the 5th most common 
malignancy in both sexes.[11] In Egypt, GC is the 12th most 
common cancer in both sexes.  The median age of GC 
in the Egyptians is 56  years.[12] This was in accordance 
with our results in which there was a significantly higher 
percentage of male patients with GC than females. Within 
this group, the difference in the mean age for female and 
male patients, was non-significant. Hp causes gastritis 
and peptic ulceration and it is an important risk factor for 
gastric adenocarcinoma, the second highest cause of cancer 
deaths worldwide. The disease process is thought to have 
a multifactorial etiology; bacterial strain type, pattern of 
gastritis, and environmental conditions, are all thought to 
contribute.[13] Seventy percent of our all studied cases were 
positive for Hp. Signet-ring carcinoma cases showed the 
highest percentage of Hp positivity (80%). It was found by 
some authors that the best established risk factors for GC 
were Hp infection, male sex, a family history of GC, and 
smoking. Dietary risk factors are related to diet type and 
food preservation.[14] 

All strains of  Hp  induce a marked inflammation in the 
gastric mucosa which is characterized by neutrophil, 
lymphocyte and other inflammatory cell infiltration. 
While antral-predominant gastritis leads to increased acid 
production from the uninflamed corpus and predisposes to 
duodenal ulceration, corpus-predominant gastritis leads to 
hypochlorhydria and predisposes to gastric ulceration and 
adenocarcinoma.[15] Our study showed a significant positive 
correlation between Hp score and the scores of gastritis 
activity, and significantly inverse correlation with intensity 
of gastric inflammation. Fundamental characteristic of 
infection with  Hp  is chronic inflammation of the gastric 
mucosa, being the role of inflammation as a factor favoring 
tumor growth of widely recognized neoplastic lesions 
[16,17,18] and in recent years associated with tumorigenesis 
related to multiligand / RAGE axis. [19,20] 

Activation of RAGE axis also plays a particular role in the 
malignant transformation of gastric glandular epithelium.
[3]    In our study RAGE expression was absent in cases of 
gastritis without intestinal metaplasia, but was upregulated 
in association with intestinal metaplasia as well as cases 
of gastric adenocarcinoma. Xu et al. (2013) found that the 
positive expression of RAGE protein was detected in the 
cytoplasm of gastric cancer cells and was increased in gastric 
cancer tissues compared with the adjacent non-cancerous 
tissues (ANCT).[11] Immunoexpression observing a nuclear 
level RAGE is a rare event that needs to be corroborated 
by other studies to confirm their presence at this level and 
assess the functional significance of this finding.[3]

We found that the overall RAGE score showed significantly 
positive correlation with the inflammatory intensity and 
inverse correlation with the inflammatory activity. Aso, 
we found that all RAGE expression parameters (intensity, 
percentage and score) were non-significantly higher in 
Hp negative cases of adenocarcinoma compared to Hp 
positive cases. 

Studies in which gastritis has been followed up over a 
lengthy period by endoscopy and biopsy after eradication 
of Hp infection have been able to show that the neutrophil 
infiltrate disappeared completely, while infiltration of the 
mucosa with lymphocytes and plasma cells persisted, albeit 
only to a very slight degree. However, other parameters 
such as intestinal metaplasia or lymphoid follicles, which 
are often formed in association with Hp infection, may still 
be found in the mucosa several years after eradication of 
Hp.[21,22] These, together with othe factors, occasionally 
make the differential diagnosis vis-a-vis chemically 
induced/reactive gastritis somewhat difficult.[10]

These observations could explain -at least partially- why 
we could not found a valuable correlation between Hp 
infection with other parameters of inflammatory mucosal 
reaction and RAGE expression. Another important point 
is that Hp is not the sole factor exciting gastric mucosal 
inflammatory reaction and consequently carcinoma. Other 
factors may be of equal or more importance in Egyptian 
patients, like diet, toxins, or even therapeutic agents, that 
should be studied intensively.

Kuniyasu et al.(2002) have reported that, RAGE expression 
is closely associated with the invasion and metastasis in 
GC patients, which provides us a basis for the immuno-
histopathological study of RAGE in gastric cancer.[23]

In our work, we found positive correlation of 
RAGE expression parameters with grades of gastric 
adenocarcinoma, although these correlations were non-
significant. However, there was non-significantly higher 
values of RAGE intensity and scores in high grade tumors 
compared to low grade ones, also, there was a non-
significant difference between the mean percentage of 
RAGE expression in low and high grade tumors. Zhang 
et al. (2015), confirmed in his study that RAGE receptor 
activation is required for gastric cancer cell proliferation.[24]

RAGE expression parameters were correlating positively 
and significantly with ascending stages of malignancy. All 
RAGE expression parameters were significantly higher in 
high stages of gastric carcinoma compared to low ones. 

Also, cases with lymph node metastases (LN+ve) showed 
significantly higher values of RAGE intensity and score 
(p<0.01) and non-significant higher value of RAGE 
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percentage (p>0.05) compared to cases without lymph 
node metastases (LN-ve). We found also that RAGE 
intensity and score of expression were significantly higher 
in lymph node positive cases than in lymph nodes negative 
ones . A finding that was similar to the results achieved also 
by Xu et al. (2013).[11]

Previous study found that upregulation of RAGE expression 
was significantly associated with poor clinicopathological 
characteristics and poor overall survival, suggesting 
that it may contribute to the malignant potential of GC. 
Therefore, RAGE could therefore serve as a valuable 
novel biomarker for predicting prognosis and a potential 
therapeutic target for patients with GC. However, further 
studies are warranted to clarify the underlying mechanisms 
of RAGE overexpression, thereby contributing to better 
understanding and further developing of its potential use.[21]

Conclusion
The present study indicated that RAGE was evidently 
upregulated in gastric cancer and pre-cancerous lesions 
namely intestinal metaplasia, but the correlation of RAGE 
expression with Hp infection was indefinite. There may be 
unexplained variation in the distribution of virulence factors 
and gastritis patterns that fail to explain the discordance 
between  Hp  infection rates and the variations in RAGE 
expression in gastric cancer in Egyptian patients. Other 
carcinogenic dietary, genetic and therapeutic factors should 
be intensively studied in these patients. However, we have 
reported that RAGE expression is closely associated with 
increased tumor grade, stage and lymph node metastasis, so, 
it could be used as a predictor prognostic factor. However, 
further work is needed to estimate the reliability of RAGE 
expression in relation to variable etiological factors and for 
being a target for possible therapy in prophylaxis as well as 
early intervention in high risk patients.
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