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Abstract

Asymmetric cell division (ACD) plays a crucial role in normal cellular differentiation and tissue homeostasis. The mechanisms
of ACD are highly intricate, involving coordinated molecular and cellular processes. Dysregulation of ACD has been implicated
in various human cancers, contributing to malignant tumor initiation, progression, metastasis, and resistance to treatment.
Although numerous studies have explored the relationship between ACD and cancer, many questions remain unanswered. This
literature review aims to evaluate the potential biological significance of ACD in cancer, with a particular focus on its diagnostic
and prognostic relevance. A comprehensive PubMed search was conducted from 2008 to the present, using keywords such as
"asymmetric cell division," "cancer," "glioblastoma," and "tumorigenesis." The selected articles were analyzed to assess ACD-
related data and their clinical correlations. Special emphasis was placed on glioblastoma, an aggressive brain tumor with limited
advancements in patient survival over recent years. The review underscores the crucial role of ACD in normal tissue homeostasis
and its dysregulation in cancer initiation, progression, therapeutic resistance, and metastatic potential. Understanding how
ACD contributes to cancer heterogeneity may provide insights into innovative strategies for tumor detection, monitoring, and
treatment. Future research into the molecular mechanisms governing ACD could facilitate the development of novel cancer

therapies aimed at restoring or modulating ACD processes to improve patient outcomes.
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1. Introduction

Cancer remains one of the most significant challenges in
modern medicine, characterized by uncontrolled cell growth,
invasion of surrounding tissues, and, in many cases, metas-
tasis to distant organs [1,2]. Among the diverse array of can-
cers, glioblastoma (GBM) stands out as the most aggressive
and lethal primary brain tumor in adults [3]. Classified as a
World Health Organization (WHO) grade IV glioma, GBM is
marked by rapid proliferation, extensive infiltration into sur-
rounding brain tissue, resistance to conventional therapies,
and poor patient prognosis [4-8]. Asymmetric cell division
(ACD), a conserved mechanism for generating cellular diver-
sity, has recently gained attention for its role in glioblastoma
[9]. Dysregulated ACD may contribute to GSC persistence,
tumor growth, therapeutic resistance, and recurrence. ACD
research offers insights into tumor growth and treatment re-
sistance, highlighting potential therapeutic targets [9]. This
paper aims to close gaps in understanding the relationship
between ACD and tumorigenesis, focusing on abnormal ACD
mechanisms that contribute to malignancies. This study con-
ducted a literature review using PubMed publications from
2008 to the present. By analyzing regulatory control ele-
ments, we aim to provide insights into potential therapeutic
strategies for glioblastoma.

2. Discovery of Asymmetric Cell Division

Edwin Conklin (1863-1952), an American biologist, was
the first to observe that during the development of ascidian
embryos, a distinct yellow-colored cytoplasm is unevenly
distributed during cell division, leading to different cell
fates in the daughter cells [10]. This discovery provided
the first demonstration of asymmetric cell division (ACD).
This historical observation underscores the fundamental
importance of cytoplasmic determinantsin cell fate decisions,
a concept that has since been recognized as a cornerstone in
developmental biology [11]. Despite Conklin’s observations
over a century ago, the mechanistic understanding of ACD
has progressed slowly. While the detailed mechanisms
of ACD are beyond the scope of this paper, this paper
will focus on its relevance to cancer initiation, tumor
growth, progression, and potential therapeutic strategies.
Understanding the relationship between ACD and cancer is
crucial, as dysregulation in this process has been implicated
in cancer stem cell maintenance and therapeutic resistance,
particularly in aggressive cancers like glioblastoma.

3. The Mechanism of Asymmetric Cell Division

A key principle of ACD is the establishment of distinct sibling
cell fates by mechanisms linked to mitosis (Figure 1). This
figure illustrates the fundamental differences between
symmetric and asymmetric cell division. In panel (a),
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symmetric cell division (SCD) results in two daughter cells
with identical fates, achieved through the equal distribution
of cell fate determinants. In contrast, panel (b) depicts
asymmetric cell division (ACD), where daughter cells inherit
different amounts or compositions of cell fate determinants,
resulting in distinct cell fates [12]. Asymmetric fate can be
established through exposure to cell-extrinsic signaling
cues. Alternatively, asymmetric inheritance of cell-intrinsic
cell fate determinants such as proteins or RNA can induce
asymmetric cell fate decisions. ACD, a process through
which a single cell divides into two distinct daughter cells,
is critical for maintaining healthy stem cell populations and
tissue integrity. ACD is particularly important within stem
cell populations [13]. Stem cells are specialized cells capable
of dividing and differentiating into various cell types,

(a)
Symmetric cell division

contributing to tissue renewal and repair. They generate
diverse cell types such as blood, bone, and muscle cells while
simultaneously self-renewing to maintain their population.
Importantly, stem cells play a crucial role in cancer
treatment, particularly in hematological malignancies like
blood cancers, as well as in regenerative medicine [14]. The
discovery of diagnostic and therapeutic strategies depends
on unlocking the mechanisms of asymmetric cell division
(ACD) together with its cancer-related functions. Cell
differentiation, tissue homeostasis, and cancer development
are intimately linked to the proper regulation of ACD.
Dysregulation of this process can lead to tumorigenesis
and therapeutic resistance, underscoring the importance of
ongoing research in this field.

(b)
Asymmetric cell division
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Figure 1: Symmetric Versus Asymmetric Cell Division. During a SCD [15]

4. Relevance of Asymmetric Cell Division and Cancer
4.1. ACD and Tumorigenesis

Cancer is a complex, multifaceted disease characterized by
uncontrolled cell growth and differentiation. Itarises through
the stepwise acquisition of genetic mutations that provide
a survival advantage to affected cells. Among the various
processes that contribute to tumorigenesis, dysregulation
of asymmetric cell division (ACD) plays a significant role in
cancer initiation and progression. ACD is critical in normal
tissues for maintaining tissue homeostasis and generating
cellular diversity [16]. Under physiological conditions, stem
cells dynamically switch between symmetric cell division
(SCD) and ACD to preserve homeostasis. This process
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requires highly coordinated intra- and extracellular signaling
events. When dysregulated, however, asymmetric division
increases the risk of malignant transformation [17].

4.2. ACD in Stem and Progenitor Cells

Stem and progenitor cells are defined by their self-renewal
capacity and their ability to produce differentiated progeny
(Figure 3). A delicate balance between these processes is
essential for developmental cellular diversity and adult
tissue maintenance. Dysregulation of ACD disrupts this
balance, potentially driving tumorigenesis by producing
aggressive, fast-dividing daughter cell clones that are often
resistant to treatment.
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Figure 2: Dynamics of Asymmetric and Symmetric Divisions of Muscle Stem Cells In Vivo and on Artificial Niches [18]
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Emerging evidence supports the notion that ACD functions
as a tumor-suppressive mechanism. Disruption of ACD in
Drosophila neuroblasts has been associated with abnormal
proliferation and genomic instability, suggesting its potential
role in early carcinogenesis [19]. Studies indicate that
oncogenic mutations can hijack ACD pathways, disrupting
mechanisms responsible for cell proliferation, cycle
progression, and genomic integrity. For example, Subhas
Mukherjee et al. demonstrated that cancer stem cells (CSCs),
which drive tumor initiation and propagation, often rely on
symmetric divisions. Loss of ACD may thus result in tissue
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dysregulation, contributing to the development and growth
of tumors. Aberrant ACD also promotes stem-like cell
accumulation and limits differentiation, reinforcing cancer
stemness [20,21].

4.3. ACD and Cancer Treatment Resistance

The dysregulation of ACD can generate daughter cells with
enhanced treatment resistance, contributing to tumor het-
erogeneity. This phenomenon raises the clinically significant
question: Can we target ACD mechanisms to improve cancer
diagnosis, treatment, and outcomes?
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Figure 3: Regulatory Mechanisms of ACD in CSCs and Their Impact on Tumor Progression [17]

Hitomi et al. discovered that ACD generates progeny with
increased growth factor receptor expression, such as EGFR
and p75NTR, conferring greater therapeutic resistance in
glioblastoma CSCs. Similarly, resistance to radiation therapy
(RT) in head and neck cancers has been linked to accelerated
stem cell division and impaired asymmetric division,
underscoring the relevance of ACD dysregulation in cancer
treatment resistance [17].

5. ACD in Glioblastoma
Lipoblastoma (GBM) is a highly malignant brain tumor

with limited treatment options and a median survival
time of less than two years. Recent research highlights the
relevance of ACD in glioblastoma progression and treatment
response. Koguchi et al. demonstrated that inducing ACD in
glioblastoma stem-like cells (GSCs) via bone morphogenetic
protein 4 (BMP4) treatment reduces cancer stemness. BMP4
suppresses CD133 expression, promotes differentiation,
and shifts GSCs toward asymmetric division. These findings
provide compelling evidence for the potential of 'ACD
therapy' in GBM treatment.
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Figure 4: BMP4-Induced ACD and CD133 Downregulation in Glioblastoma Stem-Like Cells [22]
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Additionally, glioblastoma tumors often exhibit reduced
TRIM3 protein expression, which normally regulates
stem cell proliferation via ACD. Restoring TRIM3 levels
reestablishes asymmetric division, reduces cancer stemness,
and limits tumor growth. These findings emphasize the
therapeutic potential of modulating ACD mechanisms in
glioblastoma [22].

6. Prospective and Future Directions

6.1. Molecular Mechanisms of ACD

Future research should focus on elucidating the intricate
molecular signaling pathways that regulate ACD, including
the roles of polarity proteins, spindle orientation, and cell-
fate determinants.

6.2. ACD in Cancer Stem Cells

Investigating the relationship between ACD and cancer stem
cells (CSCs) could provide insights into tumor initiation,
progression, and resistance to therapies. Identifying
molecular signatures of ACD dysregulation in CSCs may lead
to novel diagnostic markers.

6.3. Therapeutic Targeting of ACD

Developing therapeutic strategies to modulate ACD, such
as restoring asymmetric division in CSCs, holds promise
for cancer treatment. For instance, targeting regulators
like TRIM3 or employing BMP4-based therapies could be
explored further.

6.4. ACD Dynamics Across Cancer Types

Comparative studies across different cancer types can
uncover cancer-specific and universal aspects of ACD
dysregulation, potentially leading to broad-spectrum or
tailored therapeutic approaches.

6.5. Technological Advancements

Integrating single-cell RNA sequencing, live-cell imaging, and
CRISPR-based genetic manipulation could provide a more
comprehensive understanding of ACD dynamics in cancer
development. Clinical Translation: Translating findings
from preclinical models to clinical applications requires
systematic investigation, including the development of
biomarkers for ACD activity and patient stratification for
personalized therapies.

7. Summary

ACD is fundamental to maintaining tissue homeostasis and
cellular diversity. Dysregulation of this process is implicated
in cancer initiation, progression, and treatment resistance.
A deeper understanding of ACD's molecular underpinnings
may facilitate the development of innovative diagnostic
tools and therapeutic interventions, potentially improving
outcomes in cancers such as glioblastoma. By prioritizing
these research areas proposed in this paper, scientists can
further uncover the critical roles of ACD in cancer biology
and develop innovative strategies to combat malignancies
more effectively.
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