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Abstract
Background: Alpha-Methyl-CoA racemase (AMACR) is involved in the beta-oxidation of
fatty acids and their derivatives. It is expressed in several neoplasms including prostate, colon
cancers. The study aimed to determine the rate of expression of AMACR in various gastric
lesions.
Methods: This cross-sectional study was conducted in the Department of Pathology, Kamineni
Institute of Medical Sciences Narketpally, Nalgonda, Telangana State. Successive tissue
samples with gastric lesions and suspected gastric malignancy were taken for the study. The
Samples were stained with Hematoxylin and Eosin for morphological details and
immunohistochemistry (IHC) was done to check for the expression of AMACR proteins.
Results: A total of n=41 cases of various gastric lesions were included. N=24 cases of gastric
carcinoma cases subjected to AMACR staining. N=14 (58.33%) cases were positive and
n=10(41.67%) cases were AMACR negative. Out of the n=24 cases, n=18(75%) cases were
male and n=6(25%) were females. The n=9 cases of well-differentiated adenocarcinoma n=6
cases were positive and n=3 cases were negative for AMACR. In signet ring carcinoma n=1
case was positive and n=2 cases were negative for AMACR.
Conclusion: The Expression of AMACR is higher in neoplastic tissue as compared to adjacent
dysplastic and non-neoplastic tissue of the stomach. The expression is higher in cases of
intestinal adenocarcinoma as compared to signet ring carcinoma. Higher levels of expression
in poorly differentiated carcinoma were noted.
Keywords: Alpha-Methyl-CoA racemase (AMACR), Gastric Adenocarcinoma, Dysplasia,
Gastritis.
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Introduction
Among all the cancers, stomach cancer is
the 5th leading cause and the third leading
cause of cancer of all cancer deaths making
about 7% of cases and 9% of all deaths
across the world. [1] In the Indian scenario,
the rate of gastric cancer reveals it is the 5th
common cancer diagnosed in males and the
7th commonly diagnosed cancer in females.
[2, 3] The reported annual incidence across
the country is 10.6/1 million population the
approximate male to female ratio is 2.1: 1.
[1] Helicobacter pylori is a gram-negative
bacterium commonly found in the stomach.
Prevalence of H. pylori is considered a
precancerous lesion in the stomach and has
been classified as a group I carcinogen in
the Intestinal type of gastric carcinoma. [4]
The progression of gastric cancer is multistaged from the development of
precancerous
lesions
based
on
environmental factors to risk factors such as
age, non-vegetarian food, tobacco and
alcohol use, radiation, and family history.
[5-9] The signs and symptoms of stomach
cancer are non-specific in the initial stages
which may be ignored by many patients and
generally reported at advanced stages. The
5-year survival rates are expected to be
below 30% in developed countries and less
than 20% in developing countries. [10] The
knowledge of the occurrence and
progression of gastric carcinoma is limited
therefore, much significance is applied in
the prevention, treatment, and prognostic
evaluation of gastric cancers. The
conversion of the normal gastric cell to
gastric cancer involved multiple genetic
and epigenetic alterations of oncogenes,
tumor suppressor genes, cell cycle
regulators, and cell adhesion molecules.
[11] Germline truncating mutations of the
E-cadherin gene have been found in
families with hereditary cancer of the
diffuse type. Since the susceptibility was
very high some researchers have proposed
prophylactic gastrectomy for such
individuals. [12-14] Somatic mutations of
this gene have been found in approximately
30% of sporadic diffuse-type carcinoma but
Rani et al.

not in intestinal-type tumors cancers. [15,
16] A closely related aberration is the loss
of beta-catenin, which is bound to cadherin
as a complex that regulates cell adhesion.
Some of the pathways by which these
alterations works are by mTOR,
Ras/Raf/Kinase pathway. [17] AlphaMethyl Acyl Co-A Racemase (AMACR) is
also known as P504S, one of the several
enzymes involved in the regulation of the
mTOR pathway which has been involved in
gastric cancer. The present study was
conducted to determine if AMACR could
be used as a diagnostic marker in Gastric
adenocarcinoma.
Material and methods
This cross-sectional study was conducted in
the Department of Pathology, Kamineni
Institute of Medical Sciences Narketpally,
Nalgonda, Telangana State. Successive
tissue samples with suspected gastric
malignancy were taken for the study.
Institutional Ethical permission was
obtained from the committee. The biopsy
specimens were fixed in 10% formalin,
processed, and embedded in paraffin. The
histological typing was carried out as per
WHO Classification. [18] All the n=41
cases were also subjected to AMACR
immunostaining. Two sections of 4-5µ
thickness
were
prepared
from
corresponding paraffin blocks. One on
albumin coated slide for H&E staining and
the other on poly- L-lysine coated slide for
immunohistochemical staining. The kits for
AMACR immunohistochemical staining
obtained from DAKO Company were antiAMACR monoclonal antibodies. Staining
was done according to the manufacturer's
protocol. Prostate adenocarcinoma tissue
sections were used as positive controls.
Non-neoplastic gastric tissue samples were
used as negative controls. IHC staining was
done as per the standard procedure. Slide
evaluation was performed by using a Light
microscope. AMACR stains a variety of
normal and neoplastic tissues. Positive
AMACR staining is uniformly described as
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being easily visible on low power
examination, as circumferential, granular,
luminal(apical) to subluminal, and diffusely
cytoplasmic in nature. Observed AMACR
Grade
0
1
2
3
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staining showed the following grades of
staining intensity following Luo J et al. [17]
(Table 1).

Table 1: Grading of AMACR Intensity
Staining Pattern
when there is absolutely no staining
1-10% of cells in a gland show positive staining
10-50% of cells in a gland show positive staining
>50% of cells in a gland show positive staining

Results
In the present study, the age group ranges
from 31-80 yrs. of age the youngest patient
was 28-year male, and the oldest case was
74-year female. Of these, the most common

group was 51 - 60 yrs. consisting of 39.02%
cases followed by age group 41-50 years
with 29.27% cases. The male to female
ratio is approximately 3:1 detail depicted in
(table 2).

Table 2: Age and Sex Distribution
Age in years Male Female Total Percentage
21-30
0
0
0
0.00
31-40
3
1
4
9.76
41-50
10
2
12
29.27
51-60
11
5
16
39.02
61-70
4
1
5
12.19
71-80
2
2
4
9.76
Total
30
11
41
100
In the present study, the most common
symptom of presentation is anorexia in
26.83% of cases, the next most common
presentations are weight loss 24.39%,
abdominal pain 29.27%, nausea/vomiting
14.63%, dyspepsia 7.31%, the least
common presentation was dysphagia
4.87%. Out total n=41 biopsy samples
obtained n=32 (78.05%), were from the

antrum, and the remaining n=9 (21.95%),
were taken either in the cardia, fundus, or
body. N=24 cases were gastric carcinoma
(table 3) in which n=13 (52.17%), were
well-differentiated adenocarcinoma and
n=3(12.5%) were moderately differentiated
adenocarcinoma and n=4(16.67%), were
poorly differentiated and n=4 cases
(16.67%) are of signet ring type.

Table 3: Distribution of Lesions According to Histological Type
Histological Type Frequency Percentage
Gastritis
14
34.15
Dysplasia
3
7.31
Adenocarcinoma 24
58.54
Total
41
100
AMACR was negative or expressed as
focal cytoplasmic positivity in all the cases
of gastritis and AMACR staining was
Rani et al.

observed as circumferential to noncircumferential luminal positivity of grade
2 to 3 in 2/4 (50%) cases of dysplasia and
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2/4 (50%) cases are grade 0 (AMACR
negative). Out of n=24 cases of gastric
carcinoma cases subjected to AMACR
staining. N=14 (58.33%) cases were
positive and n=10(41.67%) cases were
AMACR negative. Out of the n=24 cases,
n=18(75%) cases were male and n=6(25%)
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were females. The n=9 cases of welldifferentiated adenocarcinoma n=6 cases
were positive and n=3 was negative for
AMACR. In signet ring carcinoma n=1 case
was positive and the n=2 cases were
negative for AMACR the details have been
depicted in table 4.

Table 4: Grade Wise Expression of AMACR
Grade Grade Grade Grade
AMACR
0
1
2
3
POSITIVE
Well-differentiated
adenocarcinoma
Moderately
differentiated
adenocarcinoma
Poorly
differentiated
adenocarcinoma
Signet
ring
carcinoma
Total

5

2

1

1

6

3

3

2

2

1

5

3

1

1

1

1

2

2

1

1

0

1

1

2

10

6

4

4

14

10

Discussion
In the present study, a total of n=41 gastric
biopsies were taken. Out of these
n=14(34.15%) were the cases of gastritis
none of the gastritis cases showed AMACR
positivity. Lee et al., [19] in their study
found n= 2(4.5%) out of n=44 nonneoplastic epithelium cases show AMACR
positivity. All the cases of non-neoplastic
mucosa showing AMACR positivity
exhibited moderate immunostaining at the
very focal portion of deeper mucosa. Weak
staining was mostly noted at the basal
portion or proper glands of non-neoplastic
mucosa. The possible explanation is it may
be due to the presence of abundant
endogenous enzymes and also due to
differences in epitope recognition or
specificity. Cho et al., [20] in a similar
study found no AMACR positive in formal
gastric mucosa adjacent to adenomas and
carcinomas in their n=32 cases. This clearcut demarcation was AMACR expression
was significant. Jiang et al 50, reported that
normal stomach expressed very low to nonexistent levels of AMACR mRNA using
Rani et al.

AMACR
NEGATIVE

real-time PCR, whereas AMACR mRNA
was overexpressed in n=1 of n=7 stomach
carcinomas and showed variable copies of
the relative expression level of AMACR.
Troung et al., [21] reported none of the
n=38 non-neoplastic gastric mucosa
samples had a detectable expression of
AMACR. Our study agrees with the
observations of these studies. The
difference in expression of AMACR in
gastric cancers as compared with nonneoplastic lesions has been studied at
mRNA levels. Jiang Z et al., [22] using realtime quantitative PCR demonstrated robust
AMACR mRNA expression in gastric
carcinoma but very low levels in normal
gastric mucosa. In this study n=2(66.67%)
cases out of n=3 cases of dysplasia showed
AMACR positivity which is comparable
with other similar studies where the rate of
positivity in dysplasia was 75 – 83%. [61]
Huang et al., [23] results showed that
AMACR was not expressed in the gastric
mucosal specimens with negative and
indefinite for dysplasia, but it was observed
in 40.8% of gastric biopsy specimens with
dysplasia, which suggested that AMACR
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may be a useful immunohistochemical
marker for detecting dysplasia. In the
present study, AMACR expression is seen
in 61% of adenocarcinomas and 33.33% of
signet ring carcinoma cases. Thus, results
are consistent with Lee et al., [19] study
regarding expression in intestinal-type
adenocarcinoma where 66% of intestinal
adenocarcinoma cases were positive and
AMACR expression is seen in 37% of
signet ring carcinomas. In a study done by
Jindal et al., [24] AMACR positivity was
seen in 88% in intestinal-type and 78% in
signet ring type. Thus, the results of this
present study are not consistent with the
study done by Jindal et al., [24] Emerging
evidence has suggested that one possible
function of AMACR in gastric cancer is via
its ability to act as an activator of
peroxisome proliferator-activated receptor
(PPAR)-γ, an enzyme that is predominantly
expressed in adipose tissue and has an
important function in triggering adipocyte
differentiation. [21] Studies have shown
that PPAR-γ is expressed in various human
cancer cells, including colon, prostate,
breast, and gastric cancer cells. Sato et al.,
[25] observed substantial expression of
PPAR-γ in gastric carcinomas disregarding
the tumor differentiation as well as PPARγ expression in gastric antral mucosa with
intestinal metaplasia. Therefore, it appears
that AMACR plays an important role in the
promotion of gastric cell growth through
PPAR- γ activation.
Conclusion
The present study concludes that the
Expression of AMACR is higher in
neoplastic tissue as compared to adjacent
dysplastic and non-neoplastic tissue of the
stomach. The expression is higher in cases
of intestinal adenocarcinoma as compared
to signet ring carcinoma. Higher levels of
expression in poorly differentiated
carcinoma were noted. Thus, AMACR may
be used for differentiating the cases of
reactive atypia from early gastric neoplastic
lesions.

Rani et al.

ISSN: 0975-1556

References
1. Ferlay J, Soerjomataram I, Ervik M,
Dikshit R, Eser S, Mathers C, Rebelo
M, et al. cancer and mortality
worldwide sources methods and major
patterns in GLOBOCON 2012. Int J
Cancer 2015; 136: E359-86.
2. Brenner H, Rothenbacher D, Arndt V.
Epidemiology of stomach cancer.
Methods Mol Biol. 2009; 472:467-77.
3. Dikshit
R,
Gupta
PC,
Ramasundarahettige C, Gajalakshmi V,
Aleksandrowicz L Rajendra Badwe R,
et al. Cancer mortality in India: a
nationally representative survey. The
Lancet. 2012; 379:1807-16.
4. Lyon. Schistosomes, liver flukes, and
Helicobacter pylori. IARC Working
Group on the Evaluation of
Carcinogenic Risks to Humans. IARC
Monogr Eval Carcinog Risks Hum.
1994; 61:1-241.
5. Lazar D, Taban S, Dema A, Cornianu
M, Goldis A, Ratiu I, et al. Gastric
cancer: the correlation between the
clinicopathological factors and patients'
survival (I). Rom J Morphol Embryol.
2009; 50(1):41-50.
6. Ren JS, Kamangar F, Forman D, Islami
F. Pickled Food and Risk of Gastric
Cancer – a Systematic Review and
Meta-analysis of English and Chinese
Literature.
Cancer
Epidemiol
Biomarkers Prv. 2012; 21(6):905-15.
7. La Torre G, Chiaradia G, Gianfagna F,
De Lauretis A, Boccia S, Mannocci A,
et al. Smoking status and gastric cancer
risk: an updated meta-analysis of casecontrol studies published in the past ten
years. Tumors. 2009; 95:13-22.
8. Tramacere I, Pelucchi C, Bagnardi V,
Rota M, Scotti L, Islami F, et al. A
meta-analysis on alcohol drinking and
gastric cancer risk. Ann Oncol. 2012;
23:28-36.
9. Cogliano VJ, Baan R, Straif K, et al.
Preventable exposures associated with
human cancers. JNCI. 2011; 103:182739.
10. Mohandas
KM,
Jagannath
P.

International Journal of Pharmaceutical and Clinical Research
254

International Journal of Pharmaceutical and Clinical Research

Epidemiology of digestive tract cancers
in India. VI. Projected burden in the
new millennium and the need for
primary
prevention.
Indian
J
Gastroenterol. 2000; 19:74-78.
11. Tahara Eiichi. Genetic pathways of two
types of gastric cancer. IARC Sci Publ
2004; 157:327-49.
12. Jeffrey A. Norton, Christine M. Ham,
Jacques Van Dam, R Brooke Jeffrey,
Teri A. Longacre, David G. Huntsman,
Nicki Chun, Allison W. Kurian, James
M. Ford Ann Surg. 2007 Jun; 245(6):
873–79.
13. Suriano G, Yew S, Ferreira P, et al.
Characterization of a recurrent germline
mutation of the E-cadherin gene:
implications for genetic testing and
clinical management. Clin Cancer Res.
2005; 11:5401–09.
14. Tamura G, Sakata K, Nishizuka S, et al.
Inactivation of the E-cadherin gene in
primary gastric carcinomas and gastric
carcinoma cell lines. Jpn J Cancer Res.
1996; 87:1153–59.
15. Ascano JJ, Frierson 1-I Jr, Moskaluk
CA, Harper JC, Roviello F, Jackson CE,
E1-Rifai W, Vindigni C, Tosi P, Powell
SM. Inactivation of the E-cadherin gene
in sporadic diffuse-type gastric cancer.
Mod Pathol 2001; 14:942-49.
16. Becker KF, Atkinson MJ, Reich U,
Becker I, Nekarda H, Siewert JR,
Hoffer H. E-cadherin gene mutations
provide clues to diffuse-type gastric
carcinomas. Cancer Res. 1994;
54(14):3845-52.
17. L Magnelli, N Schiavone, F Staderini,
A Biagioni, L Papucci. MAP Kinases
Pathways in Gastric Cancer. Int J Mol
Sci 2020; 21(8): 2893.
18. Luo J, Zha S, Gage WR, Dunn TA,
Hicks JL, et al. α-Methylacyl-CoA
racemase: a new molecular marker for
prostate
cancer.
Cancer
Res.
2002;62(8):2220-26.

Rani et al.

ISSN: 0975-1556

19. Won Ae Lee. Alpha-methyl acyl-CoAracemase
expression
in
adenocarcinoma, dysplasia, and nonneoplastic epithelium of the stomach.
Oncology 2006; 71 (3)10: 246-50.
20. Cho E.Y., Kim K.M., Park C.K., Kim
J.J., Sohn T.S. Kim DW. AMACR is
highly expressed in gastric adenomas
and intestinal-type carcinomas. APMIS
2007; 115: 713-718.
21. Truong C D, Wei Li, Wei Feng, Philip
Cagle, Thaer Khoury, Sadir Alrawi,
Keping Xie, James Yao, and Dongfeng
Tan Alpha-Methylacyl-CoA Racemase
Expression is Upregulated in Gastric
Adenocarcinoma: lnt J Clin Exp Pathol
2008; 1(6): 518-523.
22. Jiang Z, Fanger GR, Woda BA, Banner
BF, Algate P, Dresser K, Xu J, Chu PG.
Expression of alpha-methyl acyl-CoA
racemase (P504S) in various malignant
neoplasms and normal tissues: a study
of 761 cases. Hum Pathol. 2003;
34:792-796.
23. Huang W, Zhao J, Li L, Huang Y, Yang
X, Wang J, Zhang T a-Methyl acylcoenzyme A racemase is highly
expressed in the intestinal-type
adenocarcinoma
and
high-grade
dysplasia lesions of the stomach. Histol
Histopathol. 2008; 23(11):1315-20.
24. Jindal Y, Singh A, Kumar R, Varma K,
Misra V, Misra., S.P, Dviwedi M et al.
Expression of AMACR in gastric
adenocarcinoma and its correlation with
H.pylori infection. Journal of clinical
and diagnostic research 2016;(10)1012.
25. Sato H, Ishihara S, Kawashima K,
Moriyama N, Suetsugu H, Kazumori H,
Okuyama T, et al. Expression of
peroxisome
proliferator-activated
receptor (PPAR)gamma in gastric
cancer and inhibitory effects of PPAR
gamma agonists. Br J Cancer. 2000;
83:1394-1400.

International Journal of Pharmaceutical and Clinical Research
255

