
J Clin Biomed Res, 2023          Volume 5(4): 1-5

Research Article 

Immunohistochemical Pattern and Diagnostic Applications of Alpha-
Methyl Coa Racemase and Anti-Carcinoembryonic Antigen on 
Prostate Cancer

1Department of Biomedical Sciences, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang 43400, Selangor, Malaysia

2Department of Medical Laboratory Science, Faculty of Health Sciences and Technology, Ebonyi State University Abakaliki 480214, Nigeria

3 Resident, Department of Anatomic Pathology, Alex -Ekwueme Federal University Teaching Hospital, Abakaliki, Ebonyi State, Nigeria

4 Urological Surgery Unit, Mid and South Essex NHS Foundation Trust, UK

5Trust SHO @Peterborough City Hospital Pe3 9GZ, UK

6Department of Surgery, Alex Ekwueme Federal University Teaching Hospital Abakaliki Ebonyi state, Nigeria

Okorie Nnaemeka1,2, Ibe Uzochukwu Chimdindu3, Simon Imakwu Okekpa2, Ikenna Chinedu Ugochukwu4, Akpukwa Udemezue Joseph2 
Mbonu Goodness Ndudi5, Akanni Bolaji Abdulazeez6 Onyekachi Ewa Ibe2 and Okparaoka Samuel Uchechukwu3

Journal of Clinical & Biomedical 
Research

Open    Access

*Corresponding author
Okorie Nnaemeka, Department of Biomedical Sciences, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang 43400, Selangor, 
Malaysia. Tel: +2348085981168.

Received: August 08, 2023; Accepted: August 17, 2023; Published: August 23, 2023

ISSN: 2635 - 2826

Keywords: Prostate Cancer, Amacr, Cea, Pas,
Immunohistochemical, Alpha-Methyl Co A Racemase

Introduction 
Prostate cancer (PCa) is one of the most common types of 
malignant tumors, and its incidence rate has increased worldwide 
[1]. After non-melanoma skin tumors, PCa is the most prevalent 
cancer among men [2]. Predominantly among those above 60 
years of age. The early clinical symptoms of PCa are difficult 
to detect [3]. and the sensitivity of the serum marker prostate-
specific antigen (PSA) is low, which can result in false-negative 
test results [4]. Also, it has poor specificity for cancer, is highly 
expressed in noncancerous prostatic tissues as well as in cancerous 
tissues, and often leads to overdiagnosis and overtreatment [5]. 
These challenges necessitate the use of a new approach to identify 

possible high-risk PCa to better assist clinical decisions. Alpha-
Methylacyl-CoA racemase (AMACR) is a novel marker that is 
positive in malignant epithelial prostatic carcinoma cells [6]. 
AMACR is an enzyme currently used in prostate cancer 
diagnosis; it is a peroxisomal and mitochondrial enzyme that 
was preferentially overexpressed in approximately 80% of prostate 
cancer detected in prostate biopsies [5]. On the same note, there 
are tumor-associated antigens (TAAs) expressed on the surface 
of cancer cells. Differences in the expression levels of TAAs in 
cancer cells compared to normal cells have led to these antigens 
being investigated as diagnostic and prognostic biomarkers. One 
of such TAAs is a carcinoembryonic antigen (CEA), also known 
as CEACAM5, and originally described as an oncofetal protein 
in colorectal cancer. It is present at low levels in adult tissues 
of epithelial origin, such as the colon, stomach, tongue, cervix, 

ABSTRACT
Prostate cancer is one of the most common types of malignant tumors, and its incidence rate has increased worldwide. It is the most prevalent cancer 
among men, most affecting older men, particularly those above 60 years of age. Notably, early detection, diagnosis, and treatment can result in improved 
patient outcomes, such as an improved 5-year survival rate. This study aims to evaluate the immunohistochemical pattern and diagnostic applications of 
alpha-methyl Co-A, racemase, and anti-carcinoembryonic antigen on prostate tumors. A total of one hundred (100) tissue blocks used in this study were 
collected from the archives of the histopathology laboratory at AEFUTHA and evaluated using Haematoxylin and Eosin Periodic Acid Schiff staining 
techniques and immunohistochemical stains. The hospital data show that a total of 132 prostate tumor samples were submitted for histological analysis 
from 2019 to 2021. Histologic sections of the prostatic tissues showed well-formed prostatic glands lined by two layers of low cuboidal cells to columnar 
epithelium, the presence of glandular secretions or corpora amylacae, and inflammatory infiltrates that were mostly made up of mononuclear cells. Also 
seen were poor attempts at glandular formation; glands were lined by a single layer of epithelial cells, of which the linning epithelial cells were pleomorphic 
with hyperchromatic nuclei and prominent nucleoli. Furthermore, evidence of tumour infiltration and spread, which included perineural invasion and 
stromal desmoplastic. The immunohistochemical staining reactions of AMACR and CEA in the tissue sections show various intensities of expression. The 
intensity of expression was scored in four levels: negative (0/3), weak expression (1/3), moderate expression (2/3), and strong expression (3/3). This present 
study showed that these markers are useful in the diagnosis of prostate cancer.
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and prostate. Its overexpression and the change in its pattern of 
expression are indicative of tumor transformation. While in non-
tumor cells CEA is restricted to the apical surface, in cancerous 
cells it appears dislocated all over the cellular membrane, 
contributing to its secretion [7].

In these tough situations, immunohistochemical stains of some 
basal cell markers may help with the diagnosis. Several markers, 
including AMACR and CEA, have been introduced and tested 
for utility [8]. In prostate cancer, immunohistochemistry has 
an important role in borderline cases due to the presence (or 
absence) of basal cells, detected by specific antibodies against 
them combined with racemase expression in luminal epithelial 
cells [9]. Typically, the diagnosis of high-grade prostate tumors 
is based on the morphological features (single cell layer and 
nuclear atypia) identified by H&E staining [3]. However, certain 
ambiguous cases, such as glandular basal cell hyperplasia, gland 
atrophy, clear cell degeneration, and squamous metaplasia, require 
confirmation via immunolabeling [10]. Thus, this study aims 
to investigate the diagnostic values of AMACR and anti-CEA 
antibodies by measuring their expression levels in PCa tissues 
using immunohistochemistry (IHC) analysis.
 
Materials and Methods
This research was done at the Alex Ekwueme Federal University 
Teaching Hospital, Abakaliki (AEFUTHA), Ebonyi State, 
Nigeria. This study is a cross-sectional study designed to 
examine formalin-paraffin-processed archived prostate tumor 
tissues for the expression of alpha-methyl CoA racemase and anti-
carcinoembryonic antigen. Corresponding patients’ information 
was collected from the laboratory registry. The tissue blocks 
were formalin-fixed and paraffin-embedded prostate tumor tissues 
collected during routine diagnostic procedures in the hospital. 
These tissue blocks are banked in histopathology laboratories 
and made available for re-evaluation and research purposes. The 
tissue blocks then followed microtomy to obtain thin sections 
for staining. 

The sections floated in 20% alcohol into the water bath using 
clean, grease-free glass slides, and then properly dried in hot air for 
proper adhesion. Tissue sections obtained from each block, were 
attached to three microscope slides for routine staining (H&E), 
and Periodic Acid Schiff respectively, in line with the procedures 
described by Okorie [11]. The remaining slides demonstrate 
the immune-histochemical expression patterns using immune-
histochemical methods [12]. The sample size was calculated using 
the formula for sample size estimation for cross-sectional forms 
of observational studies with a defined population [13].  A total of 
one hundred (100) tissue blocks used in this study were obtained 
from archives of the histopathology laboratory at AEFUTHA.

Results 
The data collected from the hospital show that a total of 132 
prostate tumor samples were submitted for histological analysis 
from 2019 to 2021. One hundred (100) of these were sampled in 
this study. The associated demographic data are presented in tables. 
Histological analysis of the prostate tumor sections with PAS and 
H&E stains showed some features, including well-differentiated 
columnar glandular epithelial cells, concretions, inflammatory 
cells, poorly differentiated glands, hyperchromatic pleomorphic 
nuclei, perineural invasion, infiltration of stromal muscles, and 
complete loss of stroma, among others. These are presented 
below in plates. The immunohistochemical staining reactions of 

AMACR and CEA in the tissue sections show various intensities 
of expression. The intensity of expression was graded in four 
levels: negative (0/3), weak expression (1/3), moderate expression 
(2/3), and strong expression (3/3). The immunohistochemical 
expressions are presented for visualization in the plates below.

Table 1: Demographic Data Associated with Prostate Tissue 
Submitted to AEFUTHA Between 2019 and 2021

Characteristics 2019
(n = 44)

2020
(n = 36)

2021
(n = 52)

Total
(n = 132)

Age 25-34 0 0 1 1 (0.8%)

35-44 4 1 8 13 (9.8%)

45-54 8 12 10 30 
(22.7%)

55-64 18 15 24 57 
(43.2%)

65-74 11 7 7 25 
(18.9%)

75-84 3 1 2 6 (4.5%)

Marital Status Single 1 0 1 2 (1.5%)

Married 43 36 51 130 
(98.5%)

Tumor Type Benign 26 18 38 82 
(62.1%)

Malignant 18 18 14 50 
(37.9%)

Table 2: Demographic Data Associated with the Studied 
Prostate Tissue Samples
Variables Frequency

(n = 100)
Percentage 

(%)
Age 25-34 1 1.0

35-44 10 10.0
45-54 23 23.0
55-64 43 43.0
65-74 19 19.0
75-84 4 4.0

Marital status Single 2 2.0
Married 98 98.0

Diagnosis Benign 62 62.0
Malignant 38 38.0

Table 3: Showing Immunohistochemical Expressions of 
AMACR and CEA
Immunostaining reaction 
intensity

Benign (%)
n = 62

Malignant (%)
n = 38

Negative 49 (79.0) 0
AMACR  Weak 13 (21.0) 1 (2.7)

Moderate 0 4 (10.5)
Strong 0 33 (86.8)
Negative 0 0

CEA Weak 62 (100) 0
Moderate 0 4 (10.5)
Strong 0 34 (89.5)
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(Plate 1 Mag. X200) is a Prostate Tissue Section Stained with Haematoxylin & Eosin technique.

Section shows well differentiated columnal glandular epithelial cells (blue arrow) cells, cuboidal basal and two concretions or 
corpora amylacae (red arrow) which are typical of benign prostate hyperplasia seen in most aged men with stromal fibromuscular 
tissues. Plate 2 (Mag. X200) is a prostate section stained with Haematoxylin & Eosin. Section shows crowded varied glands 
arrangement, stromal fibromuscular tissues cellular, the fibromuscular stroma (red arrow) shows how reactive the stroma is to the 
atypical glands. The glands are lined by a single layer of cells. The lining cells are pleomorphic with hyperchromatic nuclei. This is 
indicative of prostate adenocarcinoma. Plate 3 (Mag. X200) is a prostate tissue stained with periodic acid Schiff reagents (PAS). 
Section shows uniform glandular arrangement, inflammatory cells within the tall columnal epithelium, cuboidal basal cells are intact 
and stromal (red arrow). Maize like gland folds with hyperchromatic nuclei, diagnosis: prostatitis – benign lesion. Plate 4 (Mag. 
X200) is a prostate tissue stained with periodic acid Schiff reagents (PAS). Section shows varied glandular arrangement, poorly 
differentiated glands, and a highly desmoplastic fibromuscular stroma; the glandular cells are very pleomorphic with hyperchromatic 
nuclei and prominent nucleoli (red arrow). The diagnosis is prostate cancer.

Plate 5 (Mag. X200) Immunohistochemical expression of AMACR is 1/3 Negative Corpora amylacea suggestive of BPH. Plate 
6 (Mag. X200) Immunohistochemical expression of AMACR is 3/3 Positive for prostate adenocarcinoma. Plate 7 (Mag. X200) 
Immunohistochemical staining of prostate tissue section showing a weak expression (1/3) of CEA on benign prostate section. Plate 
8 (Mag. X200) Immunohistochemical staining of prostate tissue section showing a strong expression (3/3) of CEA. This is positive 
for cancer of the prostate.
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Discussion
Prostate cancer is one of the most diagnosed forms of cancer for 
men in the world, with an estimated 854,790 projected cases for 
2021 [14]. Even more alarming is the observation that African men 
have a higher risk and a higher rate of prostate cancer morbidity 
and mortality compared to men of other racial or ethnic groups 
globally [15]. This present study reveals the immunohistochemical 
pattern and diagnostic applications of alpha-methyl CoA racemase 
and anti-carcinoembryonic antigen antibodies in prostate tumors. 
This demographic data from the sampled cases in this study shows 
that prostate cancer is most prevalent within the age group of 
55–64 and least prevalent within the age group of 25–34. 

This is in concordance with the report of Haas and Sakr who 
stated that the prevalence of prostate cancer increases with 
age, especially over the age of 60. The histological study of 
the prostate tissue section stained with H&E and PAS stains 
showed various histologic features indicative of both benign 
and malignant conditions of the prostate gland. H&E staining of 
some of the sections demonstrated well-differentiated columnar 
glandular epithelial cells, cuboidal basal cells, and concretions. 
These features are typical of benign prostate hyperplasia (BPH). 
This study also revealed inflammatory cells within columnar 
epithelium and gland folds with hyperchromatic nuclei, suggestive 
of prostatitis. Prostatitis is inflammation of the prostate gland, 
histologically characterized by infiltration of the prostatic ductus 
and periprostatic tissue, especially with polymorphic nuclear 
leukocytes. Perineural invasion and other features consistent 
with adenocarcinoma were observed. Perineural invasion is a 
phenomenon where prostate cancer cells invade and grow along 
prostatic nerves. Perineural space may be a microenvironment that 
fosters the growth and spread of cancer. Contrary to this present 
study, some studies did not find an association between perineural 
invasion and prostate cancer outcomes [16-20].

The stromal desmoplasia observed in this study is synonymous with 
cancer development. The outcome of the immunohistochemical 
demonstration of AMACR and CEA in this study shows the extent 
of expression of these markers. There is increasing evidence 
showing that AMACR is a useful marker for many cancers 
of the prostate, liver, kidney, and colon [21]. Sensitivity and 
specificity values for AMACR range from 82% to 100% and 79% 
to 100%, respectively [22]. In this study, 86.8% of the malignant 
tissue sections studied had a strong expression of AMACR. This 
corroborates the result of Kunju et al [23]. who noted that AMACR 
was overexpressed in prostate carcinoma cells when compared with 
benign or normal prostate epithelial cells. CEA is a glycosylated 
protein upregulated on the surface membrane of many types of 
cancer cells and commonly diagnostic marker for various cancers 
[24]. Overexpression is associated with many types of cancer, 
including gastrointestinal, respiratory, genitourinary, and breast 
cancers. Though CEA is one of the oldest and most widely used 
tumor markers for monitoring tumor recurrence after surgical 
resection and prognosis, its role in prostate cancer has not been 
clearly described [25]. This present study shows that these markers 
are useful in the diagnosis of prostate cancer. 

Conclusion
The identification of immunohistochemical biomarkers capable of 
providing diagnostic and predictive insights on the course of cancer 
is paramount to tackling the problem of prostate cancer. In this 
study, AMACR and CEA have been demonstrated to be useful for 
the identification and evaluation of prostate cancer. The outcome 
of this study provides direction for the development of screening 
guidelines for early detection and monitoring of prostate cancer.
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