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INTRODUCTION
Among cancers, stomach cancer is the fifth leading cancer and the 
third leading cause of death from cancer making up 7% of cases 
and 9% of deaths (World Cancer Report 2014). In India, gastric 
cancer is ranked as the fifth and seventh most common cancer in 
males and females, respectively [1] and is the second leading cause 
of death from cancer in both men and women [2]. 

Gastric cancer develops in a multistep progression of precancerous 
lesions and is primarily determined by environmental factors [3]. 
Plenty of risk factors like old age [4], non-vegetarian and high salty 
pickled diet [5], tobacco [6] and alcohol usage [7], radiation [8] and 
family history [9] are responsible for the genesis of gastric cancer.

Helicobacter pylori, previously named Campylobacter pylori, is a helix-
shaped gram-negative, bacterium found in the stomach. Prevalence 
of Helicobacter pylori has been described in precancerous lesions 
[10] and is classified as a group I carcinogen, especially of intestinal 
type gastric carcinoma [11]. 

However, over 80% of individuals infected with the bacterium are 
asymptomatic and it may play an important role in the natural 
stomach ecology [12]. The host’s genetic makeup, dietary and 
environmental factors might explain this mystery. Hence, studies on 
H. pylori in relation to genetic and environmental risk factors are 
required.

AMACR, (α Methylacyl coenzyme A racemase also known as 
P504S), is a mitochondrial and peroxisomal enzyme that plays 
a role in the beta-oxidation of fatty acid derivatives by catalyzing 



interconversion of several (2R)-methyl branched chain fatty acyl-
coenzyme A esters to their (S) stereoisomers [13]. 

This protein was originally identified in mitochondria and peroxisomes 
of rat liver cells [14] and was then isolated by cDNA subtraction 
and microarray analysis. Over-expression of AMACR is reported 
to be a useful marker in diagnosis of prostate cancer because its 
expression is increased in premalignant and malignant lesions and 
it helps to differentiate between reactive atypia from true neoplastic 
changes [15,16]. So the present study was planned to evaluate the 
expression of AMACR in gastric adenocarcinoma cases along with 
adjacent normal/reactive mucosa and correlate its expression with 
density of Helicobacter pylori. 

MATERIALS AND METHODS
Prospective study of two years was done (from August 2013- 
August 2015) and 50 gastric cancer samples were taken. Adjacent 
biopsy from endoscopically normal/reactive mucosa was also taken 
from 21 cases. Samples were stained with: 

a)	 Haematoxylin and Eosin for morphological details. Intestinal 
type [Table/Fig-1] and diffuse type [Table/Fig-2] adenocar
cinoma.

b)	 Loeffler’s methylene blue- for Helicobacter pylori [Table/Fig-3].

c)	 Immunohistochemistry for the expression of AMACR proteins 
in Intestinal type [Table/Fig-4] and diffuse type [Table/Fig-5] 
adenocarcinoma. AMACR expression was scored according 
to Huang et al., [17].
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ABSTRACT
Introduction: Gastric cancer develops in a multistep progression 
and is determined by genetic and environmental factors. Over-
expression of Alpha Methylacyl CoA Racemase (AMACR) is 
useful in diagnosis of prostate cancer. There is plenty of genetic 
alteration that occurs in gastric adenocarcinoma. The present 
study was planned to determine if AMACR can be used as a 
diagnostic marker in gastric adenocarcinoma similar to prostate 
cancer. 

Aim: To study the expression of AMACR in gastric adenocarcin
oma and correlate its expression with density of Helicobacter 
pylori. 

Materials and Methods: This cross-sectional, prospective study 
was conducted from August 2013-2015. Fifty gastric cancer 
biopsies were taken. Adjacent biopsy from normal/reactive 
mucosa was also taken from 21 cases. Samples were stained 
with H&E for morphological details, Loeffler’s methylene blue for 
Helicobacter pylori and immunohistochemistry (IHC) was done to 
check for the expression of AMACR proteins. 

Statistical analysis was done using chi square test, Spearman's 
correlation coefficient and Fisher’s exact test. The p-value ≤ 0.05 
was taken as critical level of significance.

Results: Overexpression of AMACR was observed in 88.89% 
of intestinal type and 78.05% of diffuse type adenocarcinoma. 
AMACR expression was significantly less in adjacent reactive/
dysplastic mucosa. Helicobacter pylori were seen in 8/9 (88.89%) 
and 35/41(85.36%) cases of intestinal adenocarcinoma and 
diffuse adenocarcinoma respectively. When grades of Helicobacter 
pylori were compared with the positivity of AMACR, no significant 
association and correlation was found. 

Conclusion: The expression of AMACR in neoplastic tissue 
was significantly higher as compared to adjacent dysplastic, 
reactive or normal tissue. Thus, IHC for AMACR can be used for 
differentiating the cases of reactive atypia from early neoplastic 
lesions similar to its role in prostatic tissue. Helicobacter pylori 
does not affect the expression of AMACR in neoplastic gastric 
lesions.
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Statistical analysis was done using chi square test, Spearman's 
correlation coefficient and Fisher’s exact test. The p-value ≤ 0.05 
was taken as critical level of significance.

RESULTs
Out of 50 total samples of adenocarcinoma, 9 were intestinal and 
41 were diffuse carcinoma. Helicobacter pylori was seen in 8/9 
(88.89%) and 35/41 (85.36%) of intestinal and diffuse carcinoma 
respectively and was graded [Table/Fig-6].

Sections which showed expression of AMACR in >5% tumour cell 
were considered true positive and this was seen in 40/50 cases 
of gastric adenocarcinoma {8/9 (88.89%) and 32/41 (78.05%) of 
intestinal and diffuse adenocarcinoma respectively}. They were 
further scored according to description by Huang et al., [Table/Fig-7] 
[17]. Difference between expression of AMACR in intestinal in 8/9 
(88.89%) and diffuse type adenocarcinoma in 32/41 (78.05%) was 
compared using chi square test and it was found to be significant 
(p < 0.05).

Intensity of AMACR was also scored in adjacent biopsies [Table/
Fig-8]. AMACR expression was higher in neoplastic epithelium 
(40/50) than adjacent epithelium (11/21) and the difference between 
them was found to be statistically significant according to Fisher’s-
exact test (p < 0.05).

When grades of Helicobacter pylori were compared with the positivity 
of AMACR according to Spearman's correlation coefficient, no 
significant association and correlation was found [Table/Fig-9].

DISCUSSION
Helicobacter pylori is a microorganism, whose infection has been 
defined in etiology of gastric cancer development. Concomitance 
of Helicobacter pylori and gastric cancer has been reported at 
different rates from different studies. Studies in Asian countries 
such as Thailand, India, Bangladesh, Pakistan, Iran, Saudi Arabian 
countries, Israel and Malaysia, have reported a high frequency of 
Helicobacter pylori infection co-existing with a low incidence of 
gastric cancer [18]. The prevalence of Helicobacter pylori was 
reported to be more in controls than in patients group (80% vs 
78%) [19]. 

In earlier study from this center, prevalence of Helicobacter pylori 
was more in diffuse type of gastric cancer than intestinal type (86% 
vs 68%) [19], whereas studies showed high prevalence in intestinal 
type (89.2%) than in diffuse type (31.8%) adenocarcinoma [20]. 
Quigley et al., in their review stated that human epidemiological 
studies have produced mixed results with an association between 
Helicobacter pylori and gastric cancer in 50% patients, while the 
remaining patients showed a negative relationship [21]. 

In the present study, Helicobacter pylori were seen in 88.89 % 
and 78.05% in intestinal and diffuse adenocarcinoma respectively. 
However, difference was not statistically significant and that was 
probably due to small number of intestinal type adenocarcinoma 
studied when compared according to grades of Helicobacter pylori 
positivity, no difference was observed in two groups. 

[Table/Fig-3]: Helicobacter pylori. (Loeffler’s methylene blue stain - 1000x).  
[Table/Fig-4]: AMACR expression in intestinal type gastric adenocarcinoma. (IHC 
400x).

[Table/Fig-5]: AMACR expression in diffuse type gastric adenocarcinoma.   
(IHC 100x).

[Table/Fig-1]: Intestinal type adenocarcinoma with intestinal metaplasia in adjacent 
pit (H&E 400x). [Table/Fig-2]: Diffuse type adenocarcinoma (H&E 100x).

Helicobacter pylori Intestinal Type n(%) Diffuse Type n(%)

Grade 0 1 (11.1%) 6 (14.63%)

Grade 1 1 (11.1%) 4 (9.75%)

Grade 2 2 (22.2%) 14 (34.15%)

Grade 3 5 (55.5%) 17 (41.46%)

[Table/Fig-6]: Grading of Helicobacter pylori.

[Table/Fig-7]: Intensity of expression of AMACR in intestinal and diffuse type 
adenocarcinoma.

Score Total Cases n(%)

0 10 (47.62%)

1+ 7 (33.33%)

2+ 3 (14.29%)

3+ 1 (4.76%)

[Table/ Fig-8]: Intensity of AMACR expression in adjacent biopsies.

Helicobacter pylori AMACR (0) AMACR (1+) AMACR (2+) AMACR (3+)

Grade 0/ 
Inconclusive

2 (4%) 2 (4%) 2 (4%) 1 (2%)

Grade 1 0 (0%) 0 (0%) 3 (6%) 2 (4%)

Grade 2 3 (6%) 2 (4%) 8 (16%) 3 (6%)

Grade 3 5 (10%) 7 (14%) 5 (10%) 5 (10%)

[Table/Fig-9]: Correlation of Helicobacter pylori with AMACR in gastric cancer.
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In the present study, true positive cases for AMACR expression 
were 88.89% and 78.05% cases of intestinal and diffuse type 
adenocarcinoma respectively. Expression was significantly higher 
in intestinal type as compared to diffuse type adenocarcinoma. 
Intensity of AMACR expression in adjacent biopsies was also 
seen. AMACR expression was higher in neoplastic epithelium than 
adjacent epithelium and the difference between them was found to 
be statistically significant.

Huang et al., found that AMACR was not expressed in the gastric 
mucosal specimens with negative and indefinite for dysplasia, but 
it was observed in 40.8% gastric biopsy specimens with dysplasia 
[17].

However, AMACR was more common in intestinal type adeno
carcinoma than diffuse type. But expression was significantly less 
in adjacent normal mucosa. These findings suggest that AMACR 
immunoreactivity was fairly sensitive in identification of high-grade 
dysplasia and is highly specific in distinguishing high-grade dysplasia 
from reactive atypia. Thus, expression of AMACR can be taken as 
indicator of neoplastic change in gastric adenocarcinoma similar to 
prostate neoplasia and its expression increases from preneoplastic 
to neoplastic lesion.

When grades of Helicobacter pylori were compared with the 
positivity of AMACR, no significant association and correlation was 
found. That was similar to findings found by Huang et al., [17].

CONCLUSION
The expression of AMACR in neoplastic tissue was significantly 
higher as compared to adjacent dysplastic, reactive or normal 
tissue. Thus, highlighting that IHC for AMACR can be used for 
differentiating the cases of reactive atypia from early neoplastic 
lesions similar to its role in prostatic tissue. Helicobacter pylori does 
not affect the expression of AMACR in neoplastic gastric lesions.
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