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Abstract
Background and Objective: Prostate cancer is the most common cancer. Histologically 95% 
of prostatic cancers are adenocarcinomas. Numerous studies focused on the role of AMACR 
immunohistochemical expression as diagnostic marker for prostate cancer, few of them 
investigate the role of AMACR as prognostic marker. This study aimed to evaluate AMACR 
immunohistochemical expression patterns as prognostic marker for prostate cancer.

Method: A 100 prostate needle biopsies during 2017-2019, confirmed as adenocarcinomas by 
experienced histopathologist by using Hematoxylin and Eosin (H&E) stain are selected. Prostatic 
adenocarcinomas were graded according to the 2014 ISUP/WHO Gleason grading. Sections of 5 µm 
thickness were cut, then Immunohistochemistry (IHC) was performed using monoclonal AMACR 
antibodies and the results were analyzed using SPSS.

Results: 89 (89%) of prostatic adenocarcinoma cases showed AMACR proportion score +3 staining 
(more than 50% cells were stained), 5 (5%) proportion score +2, 1 (1%) proportion score +1 and 
5 (5%) proportion score 0. No statistical significant correlation between AMACR positivity and 
Gleason’s score grade group (P value = 0.474). The study concluded that AMACR expression 
doesn’t depend on tumor differentiation.

Keywords: Prostate Cancer; Gleason’s Score; AMACR; Sudan

Ahmed Ibn Edriss Mohamed1, El Jaily Mohamed2 and Mohamed El Imam Mohamed2*
1Department of Medicine, University of El Imam EL Mahdi, Sudan

2Department of Medicine, University of Gezira, Sudan

Introduction
AMACR (and α-methylacyl coenzyme A racemase) (also known as p504S), is an enzyme 

which have in important role in β-oxidation of dietary branched-chain fatty acids and C27-bile 
acid. It catalyzes the conversion of (R)--methyl-branched-chain fatty acyl-CoA esters to their (S) 
Stereoisomers. Only the (S) Stereoisomers can serve as substrates for branched-chain acyl-CoA 
oxidase during their subsequent peroxisomal–oxidation [1]. AMACR is found in prostate tissue 
and in a wide variety of carcinomas (colorectal, ovarian, breast, bladder, lung, and renal cell), 
melanomas, and lymphomas it is very useful in prostate needle biopsies, when the differential 
diagnosis is carcinoma versus benign prostatic tissue, but it is not specific for prostate carcinoma in 
metastatic sites [2].

AMACR, antibodies have been produced and is currently available commercially for use on 
routine formalin-fixed, paraffin embedded tissue sections [3]. AMACR has been demonstrated to 
be highly over-expressed at both protein and mRNA levels in localized prostate cancer but down-
regulated in metastatic androgen-independent prostate cancer suggesting a hormone-dependent 
expression of AMACR [4]. It is often used in combination with basal cell markers to detect invasive 
prostatic glands. Interestingly, AMACR is negative in benign neuroendocrine cells but positive in 
malignant neuroendocrine cells [5].

IHC with anti-AMACR/p504S can detect prostatic adenocarcinoma in all types of prostatic 
specimens be it needle biopsy or TURP or prostatectomy. AMACR is a highly sensitive (100%) marker 
for prostatic adenocarcinoma. AMACR also shows high specificity for prostatic adenocarcinoma as 
the benign prostatic tissue adjacent to carcinoma shows negative AMACR staining. Biswas and 
Talukdar [3] reported that immunohistochemical expression of AMACR has a very high specificity 
94.74% and positive predictive value for diagnosis of prostate adenocarcinoma, but its sensitivity is 
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slightly lower 88.24 %.

Methodology
Case selection

The prostatic biopsies were done according to the European 
Association of Urology recommendations in the Departments of 
Urology by consultant Urologist at different hospitals and Centers 
in Khartoum State and sent in 10% buffered formalin fixative filled 
container to Histopathology Department at El-Rahmma Diagnostic 
Center.

The laboratory diagnosis of prostatic needle biopsy was done by 
experienced histopathologist using Hematoxylin and Eosin (H&E) 
stain. By reviewing the medical records, clinical and laboratory 
information of all cases are collected. 100 prostate needle biopsies 
were selected for this study, and then graded according to the 2014 
ISUP/WHO Gleason grading.

Immunohistochemistry for AMACR and p63
According to the envision kit (DAKO Corp, Carpinteria, CA) 

AMACR was stained. Firstly, slides deparaffinized, hydrated and 
then treated by citrate buffer (pH 6.0) and steamed for 14 min. 
For blocking of endogenous peroxidase activity, slides incubated 
with DAKO peroxidase block for 5 min at room temperature then 
washed, and incubated with primary antibody (1:16,000 dilution of 
antiserum) overnight at 4ºC. Secondary anti-rabbit antibody-coated 
polymer peroxidase complex was added for 30 min. Substrate/
chromogen (DAB) was added and incubated for 10 min. Slides are 
counterstained with Mayer’s hematoxylin for 2 min. For double 
labeling of AMACR and p63, the anti-p63 mouse monoclonal 

antibody cocktail (1:100 dilution; Lab Vision Corp., Fremont, CA) 
was added after the anti-racemese antibody incubation and incubated 
for 45 min at room temperature. The secondary anti-rabbit and anti-
mouse HRP conjugates were sequentially added, and the reaction was 
developed as above. Finally slides mounted using DPX.

Evaluation of IHC
Immunostaining for p63 will interpreted as positive/negative. 

Positive staining was defined as positive staining of nuclei of basal 
cells. Positive staining was taken as evidence of benignity and negative 
staining of an entire suspicious focus was taken as presumptive 
evidence of malignancy. AMACR results were considered positive, 
in case of circumferential, dark, diffuse or granular, cytoplasmic or 
luminal staining. IHC results will considered as negative, if there 
was an absence of staining or if only focal weak non-circumferential 
fine granular staining was seen with the absence of staining in the 
adjacent benign glands. The brownish cytoplasmic AMACR stain for 
different sections will evaluated for intensity of stain and proportion 
of carcinoma cells stained using intensity score stated by Warrick, 
et al. [6]. Intensity score was rated 0 (non circumferential staining), 
1+ (focal apical granular staining), 2+ (diffuse weak cytoplasmic 
staining), or 3+ (strong, cytoplasmic and luminal staining). 
Proportion was rated with respect to percentage of positively stained 
cells, as follows: 0 (<5% cells stained), 1+ (5% to 25% of cells stained), 
2+ (26% to 50% of cell stained), 3+ (51% to 75% of cells stained), and 
4+ (76% to 100% of cells stained). The intensity and proportion scores 
were added to give an overall score, with 7 being the highest possible. 
All scores >0 was considered AMACR positive [6].

Data analysis
Data will be analyzed using IBM SPSS advanced statistics version 

22 (SPSS Inc., Chicago, IL). Numerical data expressed as mean and 
standard deviation or median and range as appropriate. Qualitative 
data expressed as frequency and percentage. Chi-square test is used to 
examine the relation between qualitative variables. For not normally 
distributed quantitative data, comparisons between three groups were 
done using nonparametric ANOVA. The sensitivity and specificity 
were calculated using Receiver Operating Characteristic (ROC) curve 
and the Area under the Curve (AUC). P-value <0.05 is considered 
significant for all tests.

Discussion
In the current study the age of patients with prostate 

adenocarcinoma ranged from 50 to 87 years old (Figure 1). This 
result is supported by study conducted by Epstein and Lotion which 
concluded that prostate cancer is typically a disease of men older than 
50 years of age [7]. However, Huang et al. [8] noted that prostate 
cancer patients younger than 50 years accounted for only 0.55% of 
all prostate cancer cases. Recently Emiogun et al. [9] observed that 
the lowest age of prostate cancer patients at diagnosis was 50 years. 
In more details the present study clearly demonstrates that 60 % of 
prostate cancer cases occur at the age of 50 years old and younger 
than 70 years, the majority of them 41 (41%), are seen between 61 

Figure 1: Distribution of prostatic adenocarcinoma cases according to age 
group.

Grade group Frequency Percent %

1 5 5

2 21 21

3 28 28

4 22 22

5 24 24

Total 100 100

Table 1: The frequency of prostatic adenocarcinoma (case) according to the 
Gleason grade group.

AMACR expression
Gleason score grade group

Total P value
Gleason 1 Gleason 2 Gleason 3 Gleason 4 Gleason 5

Positive 5 20 26 20 24 95  

Negative 0 1 2 2 0 5 0.631

Total 5 21 28 22 24 100  

Table 2: AMACR expression in prostatic adenocarcinoma (cases) according to the Gleason score grade group.
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to 70 years old. These findings were in agreement with study in 
Nigeria by Emiogun et al. [9] in which prostate cancer cases were 
most commonly seen between 61 to 70 years (42.3%). Also, recent 
Egyptian study done by Al-Sayed et al. [10] reported that prevalence 
of prostate cancer is predominant between 60 to 70 years of age and 
represents (40%).

An important highlight of the present study is the fact that 
Gleason score grade group 3 is the most commonly diagnosed (28%), 
followed by grade group 5 and grade group 4 of disease 24% and 22% 
respectively (Table 1). This finding is in agreement with Okolo et al. 
[11] and Rathod et al. [12] studies which observed that the commonest 
Gleason grade was 3, and in contrast to study in Nigeria, by Oluwole 
et al. [13] which observed that the majority of prostate cancer cases 
were of Gleason score of 8 (grade group 4). On the other hand, study 
in Nigeria by Emiogun et al. [9] shows that grade group 5 prostate 
cancer is the most commonly diagnosed (37.5%). However, a study 
in the United States at 2003 reported that Gleason grade 3 was the 
commonest with an overall decline in scores from 8-10 to less than 6 
in recent years [14]. A plausible explanation for the higher proportion 
of high-grade cancers is the socioeconomic challenging in Sudan that 
includes absence of low-cost screening programs, late presentation 
to health facilities (usually patients present at advanced stages of the 
malignancy), lack of follow-up, and inherent social norms and beliefs.

Out of 100 prostate adenocarcinoma cases confirmed by routine 
H&E, 95 (95%) showed positive AMACR staining. AMACR was 
significantly expressed in prostate adenocarcinoma (P=0.000) as 
correlated with benign prostatic hyperplasia. The sensitivity of 
AMACR is 95% and specificity is 98%. This finding was in agreement 
with [15] who reported that only two out of 19 cases categorized 
as prostatic carcinoma showed negative cytoplasmic staining of 
AMACR. Rathod et al. [12] also found that the sensitivity and 
specificity of AMACR was 90% and 100% respectively with high 
expression in prostate cancer as compared with benign lesions 
of prostate (P<0.001). AMACR is a highly specific marker for 
diagnosis of prostate cancer with Positive Predictive Value (PPV) 
97.9%, this result agrees with [3] who found that positive predictive 
value of AMACR was 96.77%. Fatima et al. on 10 cases of prostate 
adenocarcinoma reported that the sensitivity of AMACR was 100% 
and specificity was 95.4%.

In present study 5 (5%) cases of prostate adenocarcinoma showed 
negative AMACR staining, this finding is supported by [3] study which 
reported that 11.7% of prostate adenocarcinoma cases were negative 
for AMACR staining using monoclonal anti AMACR antibody 
thus recommended careful examination of morphologic pattern 
and combination of AMACR with basal cell marker for exclusion 
of prostate cancer in prostate needle biopsy specimen. Rashed et 
al. [16] reported that some variants of prostatic adenocarcinoma 
can be AMACR negative; these variants include atrophic, foamy 
gland and pseudo hyperplastic. Shrivastava et al. [17] evaluated 
AMACR expression in 30 cases of prostatic adenocarcinoma using 
polyclonal anti AMACR antibody and reported that all the 30 cases 
showed positive AMACR staining with 100% sensitivity. Difference 
in AMACR sensitivity can be a result of using different antibodies 
(polyclonal and monoclonal) for detection of prostate cancer. Other 
factors like concentration of the primary antibody, staining technique 
(manual or automated) and antigen retrieval protocol can affect 
AMACR sensitivity.

In this study, 89 (89%) of prostatic adenocarcinoma cases showed 
AMACR staining in more than 50% cells this result agreed with [17] 
who found 26 (86.7%) of prostatic adenocarcinoma showed AMACR 
proportion score +3 staining (more than 50% cells were stained). 
No statistically significant correlation between AMACR positivity 
and Gleason’s score grade group indicating that AMACR expression 
depend on tumor differentiation (P value =0.474). This finding was 
in agreement with studies by [17] how reported that expression 
of AMACR is not affected by the Gleason score of the prostatic 
adenocarcinoma [17]. Jain et al. 2017 also revealed no statistically 
significant correlation between AMACR positivity and Gleason’s 
grade (P=0.75) and serum PSA levels (P=0.856).

Conclusion
The study concluded that AMACR expression doesn’t depend on 

tumor differentiation.
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