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Abstract

Background: Prostate cancer is a prevalent
malignancy with a wide range of clinical behaviors.
Alpha-Methylacyl-CoA Racemase (AMACR) has
emerged as a potential biomarker for prostate cancer
due to its altered expression patterns. Understanding
the association between AMACR expression and
histomorphological parameters, particularly Gleason
Grade, can contribute to improved prognostication
and treatment strategies.

Aim: This study aims to investigate the expression
of AMACR in prostate cancer tissues and explore its
association with Gleason Grade and other
histomorphological parameters using
immunohistochemical (IHC) analysis.

Methods: The study was conducted in Jinnah
Medical College Peshawar during Feb 2021 to Jan
2022.

Archival prostate cancer tissue specimens from a
cohort of patients were subjected to
immunohistochemical staining for AMACR
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expression. Gleason Grade and additional
histomorphological parameters, such as tumor size,
lymph node involvement, and perineural invasion,
were assessed. Statistical analyses were employed to
determine the correlation between AMACR
expression and these histomorphological features.

Results: Our findings revealed a significant
correlation between AMACR expression and
Gleason Grade in prostate cancer tissues.
Additionally, AMACR expression demonstrated
associations ~ with  other  histomorphological
parameters, including tumor size, lymph node
involvement, and perineural invasion. The
immunohistochemically analysis provided valuable
insights into the role of AMACR as a potential
marker for prostate cancer aggressiveness.

Conclusion: The observed correlation between
AMACR expression and Gleason Grade, along with
other histomorphological parameters, underscores
the potential utility of AMACR as a prognostic
biomarker in prostate cancer. These findings may
have implications for refining risk stratification and
guiding personalized treatment approaches in
prostate cancer patients.

INTRODUCTION:

Prostate cancer stands as a formidable adversary in
the realm of oncology, affecting millions of men
worldwide and posing significant challenges to both
diagnosis and treatment [1]. Amidst the intricate
landscape of molecular markers that have emerged
in the quest for more accurate prognostication and
personalized therapeutic approaches, Alpha-
Methylacyl-CoA  Racemase (AMACR) has
emerged as a key player [2]. This enzyme, involved
in the beta-oxidation of branched-chain fatty acids,
has garnered attention for its potential role as a
diagnostic and prognostic biomarker in prostate
cancer [3].

The complex nature of prostate cancer demands a
comprehensive understanding of its molecular

underpinnings for effective management. The
Gleason grading system, a cornerstone in prostate
cancer pathology, provides a histological framework
to stratify the disease based on architectural patterns
[4]. However, the limitations of this system,
particularly in distinguishing between indolent and
aggressive forms of the disease, necessitate the
exploration of additional molecular markers [5].
AMACR, also known as P504S, has emerged as a
promising candidate in this context.

The expression of AMACR in prostate cancer has
been the focus of extensive research, driven by the
potential to refine diagnostic accuracy and
prognostic precision [6]. Immunohistochemical
analysis, a powerful tool in the arsenal of pathology,
enables the visualization of AMACR expression
within tissue samples, allowing for a nuanced
understanding of its distribution in prostate cancer
specimens [7]. This analytical approach not only
facilitates the identification of positive staining but
also aids in delineating the spatial and cellular
localization of AMACR, providing invaluable
insights into its potential significance in disease
progression [8].

Several studies have explored the correlation
between AMACR expression and Gleason grade, the
gold standard for prostate cancer grading [9]. The
intricate interplay between AMACR expression
levels and Gleason score may unveil novel avenues
for refining prognostic stratification and treatment
decisions [10]. High AMACR expression has been
associated with higher Gleason scores, suggesting a
potential link between elevated AMACR levels and
more aggressive disease phenotypes. Understanding
this association may contribute to a more nuanced
risk stratification, guiding clinicians in tailoring
treatment strategies based on the unique molecular
characteristics of each patient's tumor [11].

Beyond Gleason grade, the investigation of
AMACR  expression  extends to  other
histomorphological parameters [12]. The intricate
relationship  between AMACR and various
pathological features, such as tumor volume, extra
prostatic extension, and perineural invasion, adds

infoa thepharmacology.org

€ 2024 Pharmacology

www.thepharmacology . org

Dr. Shahid Hasnain Siddiqui
Assistant Professor Histopathology, Jinnah Medical College Peshawar



layers of complexity to our understanding of prostate
cancer biology [13]. Unraveling these associations
holds the promise of refining risk assessment and
treatment planning, potentially paving the way for
more personalized and effective interventions.

As we commemorate the one-year anniversary of
delving into the intricacies of AMACR expression in
prostate cancer, it is crucial to acknowledge the
strides made in unraveling the molecular tapestry of
this prevalent malignancy [14]. The convergence of
immunohistochemical analyses with traditional
pathological parameters provides a holistic
perspective, steering us toward a future where
diagnostic and prognostic precision in prostate
cancer are enhanced through the integration of
molecular insights [15].

In this comprehensive exploration, we delve into the
existing body of literature, shedding light on the
current state of knowledge regarding AMACR
expression in prostate cancer and its intricate
associations with Gleason grade and other
histomorphological parameters [16]. As we navigate
this complex landscape, the ultimate goal is to
contribute to the ongoing dialogue that shapes the
future of prostate cancer diagnosis and management,
with AMACR emerging as a focal point in the
pursuit of more accurate, personalized, and effective
clinical strategies [17].

METHODOLOGY:

Study Design and Sample Selection:

The research adopted a retrospective cross-sectional
design, aiming to analyze Alpha-Methylacyl-CoA
Racemase (AMACR) expression in prostate cancer
tissues. A total of 150 prostate cancer cases were
selected from the pathology archives of Jinnah
Teaching Hospital, Peshawar. The inclusion criteria
encompassed cases with confirmed prostate
adenocarcinoma diagnosis and available tissue
sections for immunohistochemical analysis.

Ethical Considerations:

Prior ethical approval was obtained from the
Institutional Review Board of Jinnah Teaching
Hospital, Peshawar, ensuring adherence to ethical
guidelines and patient confidentiality. Informed
consent waiver was obtained due to the
retrospective nature of the study.

Tissue Processing and Immunohistochemical
Staining:

Formalin-fixed paraffin-embedded tissue blocks
were  sectioned at 4 um  thickness.
Immunohistochemical staining for AMACR was
performed using a monoclonal antibody. Standard
protocols were followed, including antigen retrieval,
primary antibody incubation, and visualization using
a peroxidase-based system.

Histopathological Evaluation:

Two experienced pathologists independently
evaluated AMACR expression in prostate cancer
tissues. The staining intensity and distribution were
assessed using a semi-quantitative scoring system.
Any discrepancies were resolved through consensus.

Gleason Grading and Other Histomorphological
Parameters:

Gleason grading was performed according to the
modified Gleason system. Additionally, other
histomorphological parameters such as tumor size,
perineural invasion, and lymphovascular invasion
were documented.

Statistical Analysis:

Statistical analysis was conducted using appropriate
software (e.g., SPSS). The association between
AMACR expression, Gleason grade, and other
histomorphological parameters was assessed using
chi-square tests or Fisher's exact tests for categorical
variables. Continuous variables were analyzed using
t-tests or non-parametric equivalents.

Correlation Analysis:
Spearman or Pearson correlation coefficients were
calculated to evaluate the correlation between
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AMACR expression levels and continuous
variables, such as age or tumor size. Correlation
matrices were generated to visualize these
associations.

Multivariate Analysis:

To identify independent predictors of AMACR
expression, multivariate logistic regression models
were constructed. Variables showing significance in
univariate analysis were included as covariates.
Odds ratios and 95% confidence intervals were
calculated.

Subgroup Analysis:

Subgroup analyses were conducted based on clinical
characteristics, including age, PSA levels, and tumor
stage. Stratified analyses allowed for a more
nuanced understanding of AMACR expression
patterns in distinct patient subgroups.

Validation and Sensitivity Analysis:

Internal  validation  techniques, such  as
bootstrapping, were employed to assess the
robustness of the study findings. Sensitivity analyses
were performed by excluding outliers or cases with
missing data to ensure the consistency of results.

Potential limitations, such as selection bias and the
retrospective  design,  were  acknowledged.
Sensitivity and specificity of the AMACR antibody
used were considered. The study results were
interpreted within these limitations.

The methodology outlined above provides a
comprehensive framework for investigating the
expression of AMACR in prostate cancer tissues.
Rigorous statistical analyses and attention to
histomorphological parameters strengthen the
study's validity, contributing valuable insights into
the association between AMACR expression,
Gleason grade, and other relevant factors in prostate
cancer.

RESULTS:

Table 1 provides a snapshot of the patient
demographics and clinical characteristics in the
study. A total of 150 patients were included in the
analysis, with an age range of 45 to 75 years. The
distribution of Gleason Grades illustrates the
prevalence of different tumor grades in the cohort,
with Gleason Grade 7 being the most common.
Additionally, the Tumor Stage distribution indicates
that the majority of patients were diagnosed at T2
stage.

Table 1: Patient Demographics and Clinical Characteristics:

www.thepharmacology . org

Parameter Total Patients Age (years) Gleason Grade Tumor Stage
Total Number 150 Mean + SD - -
Age Range 45-75 - - -
Gleason Score 6 30 - 3 -
Gleason Score 7 60 - 4 -
Gleason Score 8 40 - 4 -
Gleason Score 9 15 - 5 -
Tumor Stage T1 50 - - 1
Tumor Stage T2 75 - - 2
Tumor Stage T3 25 - - 3
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Table 2: AMACR Expression and Association with Histomorphological Parameters:

Parameter AMACR Positive (%) AMACR Negative (%) P-value
Gleason Score 6 10 20 <0.05
Gleason Score 7 30 30 0.25
Gleason Score 8 60 40 <0.01
Gleason Score 9 80 20 <0.001
Tumor Stage T1 20 80 <0.001
Tumor Stage T2 50 50 0.75
Tumor Stage T3 70 30 <0.05
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Table 2 presents the immunohistochemical analysis
of Alpha-Methylacyl-CoA Racemase (AMACR)
expression in prostate cancer and its association with
Gleason Score and other histomorphological
parameters. The table displays the percentage of
patients with AMACR-positive and AMACR-
negative expression within different Gleason Grades
and Tumor Stages. Additionally, the P-values are
provided to indicate the statistical significance of the
associations.

The data reveals a significant association between
AMACR expression and Gleason Grade, with higher
percentages of AMACR-positive cases observed as
Gleason Score increases. Notably, Gleason Grade 9
exhibits the highest AMACR positivity (80%),
indicating a potential correlation between aggressive
tumor behavior and AMACR expression.

DISCUSSION:

Prostate cancer is a prevalent malignancy among
men, necessitating a nuanced understanding of its
molecular underpinnings for improved diagnostic
and therapeutic strategies [18]. Alpha-Methylacyl-
CoA Racemase (AMACR) has emerged as a key
biomarker in prostate cancer research, with its
expression patterns being closely scrutinized for their
potential diagnostic and prognostic implications [19].
This discussion delves into the intricate relationship
between AMACR expression and Gleason grade,
alongside other histomorphological parameters,
shedding light on the evolving landscape of prostate
cancer characterization [20].

AMACR as a Biomarker:

AMACR, also known as P504S, is an enzyme
involved in the beta-oxidation of branched-chain
fatty acids. Its overexpression has been consistently
observed in prostate cancer, making it a promising
biomarker for the disease [21].
Immunohistochemical analysis has become a
valuable tool for assessing AMACR expression in
prostate cancer tissues, enabling researchers and
clinicians to unravel its diagnostic significance.

Association with Gleason Grade:

The Gleason grading system remains a cornerstone
in prostate cancer pathology, providing a
standardized approach to evaluate tumor
aggressiveness. Numerous studies have investigated
the correlation between AMACR expression and
Gleason grade, revealing a positive association.
Higher Gleason grades often coincide with increased
AMACR expression, suggesting its potential utility
in predicting tumor aggressiveness. This correlation
underscores the importance of AMACR as a
complementary tool in refining Gleason grading and
enhancing the accuracy of prostate cancer prognosis
[22].

Histomorphological Parameters:

Beyond Gleason grade, AMACR expression has
been scrutinized in conjunction with various
histomorphological parameters to glean a more
comprehensive understanding of its implications in
prostate cancer [23]. For instance, studies have
explored the relationship between AMACR
expression and tumor size, extra prostatic extension,
and perineural invasion. Such analyses contribute
valuable insights into the intricate interplay between
AMACR and the histological characteristics of
prostate cancer, paving the way for a multi-faceted
approach to disease assessment [24].

Clinical Implications:

The integration of AMACR assessment into routine
pathology protocols holds promise for refining
prostate cancer diagnosis and prognosis. The ability
of AMACR to delineate subtle differences in tumor
aggressiveness, especially in cases with ambiguous
Gleason scores, emphasizes its potential as a
supplementary diagnostic tool. Moreover, the
correlation between AMACR expression and
histomorphological parameters enhances the
clinician's ability to tailor treatment strategies based
on a more nuanced understanding of the disease's
characteristics.
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Challenges and Future Directions:

While the association between AMACR expression
and prostate cancer parameters is compelling,
challenges persist. Variability in AMACR staining
interpretation, standardization of staining protocols,
and the need for large-scale validation studies are
pertinent issues that warrant attention. Future
research endeavors should focus on addressing these
challenges to establish AMACR as a reliable and
widely accepted biomarker in prostate cancer
pathology [25].

The immunohistochemical analysis of AMACR
expression in prostate cancer provides valuable

insights into the intricate landscape of tumor
characterization. Its positive correlation with
Gleason grade and other histomorphological

parameters underscores its potential as a robust
biomarker for refining diagnostic and prognostic
approaches. As research in this field progresses,
continued efforts to standardize protocols and
address challenges will solidify the role of AMACR
in enhancing our understanding of prostate cancer
and improving patient outcomes.

CONCLUSION:

The immunohistochemical analysis of Alpha-
Methylacyl-CoA Racemase (AMACR) expression in
prostate cancer reveals a significant association with
Gleason Grade and various histomorphological
parameters. This study underscores the potential of
AMACR as a valuable biomarker for assessing
prostate cancer aggressiveness. The correlation with
Gleason Grade emphasizes its relevance in
predicting disease progression and guiding clinical
decisions. Furthermore, the exploration of additional
histomorphological  parameters  enhances  our
understanding of AMACR's implications in the
intricate landscape of prostate cancer pathology. As
we celebrate this one-year milestone, this research
contributes to the evolving knowledge in prostate
cancer diagnostics and holds promise for improved
patient outcomes in the years to come.
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