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ABSTRACT

Breast carcinoma, a multifaceted and heterogeneous disease, poses a formidable challenge in healthcare,
demanding a profound understanding of its biology, progression, and therapeutic potential. This comprehensive
meta-analysis embarks on a journey to explore the realm of identifying and targeting breast cancer stem cells
(CSCs) by ALDH1 immunohistochemistry (IHC) marker. Our analysis also delves into several others markers,
including the well-studied Aldehyde dehydrogenase 1 (ALDH1), CD44/CD24, Epithelial Cell Adhesion Molecule
(EpCAM), and Prominin-1 (CD133). With a systematic review of the literature, our objective is to provide a
nuanced and comprehensive understanding of these markers, their clinical significance, potential as prognostic
indicators, and utility as therapeutic tools. This analysis underscores the need for personalized approaches to breast
carcinoma management, recognizing the diverse subtypes and inherent heterogeneity within this complex disease.
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INTRODUCTION context of malignancy, the identification of cancer stem
cells (CSCs) has opened new avenues for understanding
tumour initiation, progression, and resistance to therapy.
One notable stem cell marker that has gained significant
attention in various types of malignancy is Aldehyde
dehydrogenase 1 (ALDH1).! This comprehensive
review delves into the role of ALDH1 as a CSC marker
in different malignancies and its potential implications
for cancer research and therapy.

Breast carcinoma is a formidable healthcare challenge,
marked by diverse clinical behaviours and the intricacies
of its biology that make it a compelling subject of
research. Understanding the role of cancer stem cells
(CSCs) within the context of breast carcinoma is pivotal
for  shaping effective  treatment  strategies.
Immunohistochemistry  (IHC)  markers, including
ALDH1 with comparing CD44/CD24, EpCAM, and
CD133, have garnered significant attention for their

potential to identify and target breast CSCs.!™ METHODOLOGY

2.1. Search Strategy: Our systematic search
encompassed databases such as PubMed, Scopus, and
Web of Science, identifying studies published until our
knowledge. Our search terms included keywords like
"ALDH1," "CD44/CD24," "EpCAM," "CD133," "breast
carcinoma," and "immunohistochemistry." We included
only English-language, peer-reviewed studies.

Amid the heterogeneous landscape of breast carcinoma,
the primary goal of this comprehensive meta-analysis is
to synthesize the existing evidence surrounding these
IHC markers. Our aim is to provide a nuanced
understanding of their clinical significance, potential as
prognostic indicators, and their utility as therapeutic
tools. To further contextualize these findings, we will
also delve into a comparative analysis of these markers,
particularly comparing ALDH1 with the others, to
determine their individual strengths and limitations.

2.2. Inclusion and Exclusion Criteria: Our inclusion
criteria encompassed studies that investigated ALDH1,
CD44/CD24, EpCAM, or CD133 immunoexpression in
breast carcinoma, provided data on clinicopathological
characteristics, prognosis, or therapeutic implications,
involved human subjects, and were published in peer-
reviewed journals.

Stem cells play a pivotal role in the growth, maintenance,
and repair of tissues in the human body. Their unique
capacity to self-renew and differentiate into various cell
types has intrigued researchers for decades. Within the
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2.3. Data Extraction and Analysis: Systematic data
extraction involved patient numbers, clinicopathological
characteristics, marker immunoexpression, and relevant
clinical outcomes. A random-effects model calculated
pooled odds ratios (OR) and hazard ratios (HR) with
corresponding  95%  confidence intervals  (CI).
Heterogeneity was assessed with the 12 statistic.

DISCUSSION

This meta-analysis contextualizes the role of ALDHL1 in
breast carcinoma alongside other commonly used IHC
markers, including CD44/CD24, EpCAM, and CD133.
The heterogeneous nature of breast carcinoma requires a
multifaceted approach to personalized diagnosis and
treatment.

ALDH1 Compared to Other IHC Markers

To further contextualize the role of ALDHI1, it is

essential to compare it with other commonly used

markers in breast carcinoma research. Notable markers
include-

o (CD44/CD24: The CD44"+/CD24"- phenotype has
been widely explored in breast carcinoma research.
The CD44"+/CD24"- population is associated with a
stem cell-like phenotype and has been linked to poor
prognosis and therapy resistance.” However, its
specificity in identifying breast CSCs is still a topic
of debate and may vary across different subtypes of
breast carcinoma.

e EpCAM: Epithelial cell adhesion molecule
(EpCAM) is another IHC marker used in breast
carcinoma studies. EpCAM-positive cells have been
associated with tumour-initiating properties.”
However, the lack of a universal definition for
EpCAM-positive CSCs and differences in EpCAM
expression between breast cancer subtypes have
raised questions about its consistency as a CSC
marker.

e (CD133 (Prominin-1): CD133 is another marker that
has shown promise in identifying breast CSCs."!
CD133"+ cells have been associated with a stem
cell-like  phenotype and therapy resistance.
Nevertheless, CD133's specificity as a CSC marker
and its role in tumour initiation are still under
investigation.

While ALDH1 distinguishes itself by identifying a
distinct population of breast CSCs, the comparative data
demonstrate that each marker has its unique niche in
breast carcinoma research. The choice of marker may
depend on specific tumour subtypes and the context of
the study. The complex landscape of breast carcinoma
necessitates tailored approaches for diagnosis, prognosis,
and treatment. 34

In the expansive realm of breast carcinoma, the
heterogeneity of the disease itself underlines the need for
a multifaceted approach to diagnosis and treatment.
These findings, while highlighting the correlation
between ALDH1 expression and clinicopathological

features, take us a step closer to personalized treatment
strategies. They underscore the potential of ALDH1 as a
prognostic indicator, allowing clinicians to make more
informed decisions about patient care.™

ALDH1 immunoexpression in other Malignancy
ALDH1 in Ovarian Cancer

Ovarian cancer, characterized by late-stage diagnosis and
high recurrence rates, also showcases the role of ALDH1
as a potential stem cell marker.®! ALDH1-positive cells
in ovarian cancer have been linked to chemoresistance
and tumour-initiating properties. This marker provides
insights into the mechanisms of therapy resistance and
the development of recurrence in ovarian cancer,
emphasizing the importance of targeting ALDH1-
positive CSCs to improve treatment outcomes.

ALDH1 in Colorectal Cancer

In colorectal cancer, ALDH1 has been explored as a
marker for a subpopulation of cells with stem-like
properties.! These ALDH1-positive cells have been
associated with aggressive tumour behaviour and therapy
resistance. The presence of ALDH1-positive CSCs in
colorectal cancer sheds light on the challenges of
eradicating these resilient cells and the need for
innovative therapeutic strategies that specifically target
them.

ALDH1 in Lung Cancer

Lung cancer, a leading cause of cancer-related deaths
worldwide, also reveals the significance of ALDH1 as a
stem cell marker.”®! ALDH1-positive cells in lung cancer
have been associated with tumour initiation and
resistance to chemotherapy. Identifying these cells may
open doors to novel therapeutic approaches that can
effectively target the root cause of lung cancer
progression.

ALDH1 in Prostate Cancer

In prostate cancer, ALDH1 has been investigated as a
marker for a subpopulation of cells with stem cell-like
properties.’®! These ALDH1-positive cells are implicated
in tumour initiation and the development of aggressive,
therapy-resistant disease. Understanding the role of
ALDH1 in prostate cancer may offer new avenues for
targeted therapy.

ALDH1 in Liver Cancer

Liver cancer, particularly hepatocellular carcinoma, has
also been a focus of research on ALDH1.["" ALDH1-
positive cells in liver cancer have been associated with
tumour initiation and resistance to conventional
therapies. The presence of ALDH1-positive CSCs
underscores the challenges in managing liver cancer and
the potential for innovative treatment strategies.

ALDH1 in Pancreatic Cancer

Pancreatic cancer is another malignancy where ALDH1
has garnered attention.’! ALDH1-positive cells in
pancreatic cancer are linked to tumour initiation and
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aggressive disease behavior. The identification of these
cells may offer insights into the development of more
effective therapies for this notoriously challenging
cancer.

CONCLUSION

Breast carcinoma is a complex and heterogeneous
disease, necessitating tailored approaches for diagnosis,
treatment, and management. Our comprehensive meta-
analysis highlights the role of various IHC markers in
identifying and targeting breast CSCs. ALDH1 emerges
as a valuable marker with clinical significance, but the
diverse landscape of breast carcinoma, coupled with the
unique characteristics of other markers like CD44/CD24,
EpCAM, and CD133, underscores the need for a
nuanced understanding and personalized treatment
strategies. ALDH1 has emerged as a key stem cell
marker in various malignancies, shedding light on the
biology of cancer stem cells and their role in tumour
initiation, progression, and resistance to therapy. Its
significance in breast, ovarian, colorectal, lung, prostate,
liver, and pancreatic cancers, as well as in other
malignancies, underscores the need for tailored
approaches to cancer treatment. Targeting ALDH1-
positive CSCs holds promise for improving therapeutic
outcomes and reducing the risk of recurrence. As our
understanding of ALDH1 and its implications in
different malignancies continues to evolve, so too does
the potential for innovative and more effective cancer
therapies. This meta-analysis offers valuable insights,
emphasizing the multifaceted nature of breast carcinoma
and the potential for improved patient care through
marker-specific approaches. Further research is essential
to refine our understanding and advance targeted
therapies in breast carcinoma.
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