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Introduction:
Cancer represents a significant global health challenge, being the second leading cause of death
worldwide. In 2020, it accounted for nearly 10 million deaths, highlighting its pervasive impact on human
health and well-being [1, 3]. The burden of cancer is projected to escalate, with estimates suggesting an
increase from over 18 million cases in 2018 to approximately 29 million by 2040, driven by factors such as
population growth and ageing [2]. The most prevalent types of cancer include breast, lung, colorectal, and
prostate cancers, with disparities in incidence and mortality rates observed across different regions,

particularly between high-income and low-to-middle-income countries [1, 3]. This escalating burden

necessitates a deeper understanding of the mechanisms underlying cancer development and progression.

Central to the understanding of both normal tissue homeostasis and cancer pathology is the concept of

stem cells. Stem cells are unique cells capable of self-renewal and differentiation into various specialised

cell types, playing a crucial role in maintaining healthy tissues. They are essential for tissue repair and

regeneration, ensuring that cellular turnover and function are preserved throughout an organism's life.

However, the properties that make stem cells vital for normal physiology can also contribute to the

pathology of cancer.

Within the tumour microenvironment, a distinct subpopulation of cells known as cancer stem cells (CSCs)

has garnered significant attention. CSCs possess stem-like properties, including the ability to self-renew

and differentiate, which allows them to drive tumour initiation, progression, and metastasis.

These cells are often resistant to conventional therapies, leading to treatment failure and relapse, which

underscores their importance in cancer biology. The existence of CSCs challenges traditional views of
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tumour heterogeneity and suggests that targeting these cells may be critical for effective cancer

treatment.
Model 1: Model 2: Model 3: Model 4: Model 5:
Single CSC Mulitiple CSCs Dormant CSC CSC evolution Phenotypic
activation reversion

Mutation or
epigenetic
modification

Figure Legend
— Tumor propagation Q Emergence of secondary CSC
—>» Activation of dormant CSC \5 Reversion of nonstem cancer cell to CSC

Figure 2: Models of CSC-driven tumour heterogeneity.[16] CSC=cancer stem cell.

Source: Cancer stem cells: Role in tumour growth, recurrence, metastasis, and treatment resistance Medicine95(1S):

520-525, September 2016.
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The research question guiding this exploration is: How do cancer stem cells contribute to tumour initiation,
progression, and metastasis? Understanding the role of CSCs in these processes is essential for developing
targeted therapies that can effectively combat cancer and improve patient outcomes. By elucidating the

mechanisms through which CSCs operate, researchers hope to identify novel therapeutic strategies that

can disrupt their function and ultimately reduce the burden of cancer on global health.

Literature Review:

Cancer stem cells (CSCs) represent a distinct subpopulation of cells within tumours that exhibit properties
similar to normal stem cells, including the ability to self-renew and differentiate into various cell types.
These cells are believed to play a crucial role in tumour initiation, progression, and metastasis. The origin
of CSCs remains a subject of ongoing debate, with current research suggesting three possible sources:
normal stem cells, adult progenitor cells, and fusion cells. CSCs can be found in various tissues, including
the breast, brain, lung, liver, ovary, and testis, indicating their widespread involvement in different cancer

types.

CSCs are characterised by their unique properties, which include self-renewal and differentiation
capabilities that contribute to tumour heterogeneity. These properties enable CSCs to maintain long-lived
populations within tumours, allowing for excessive self-renewal and tumour formation. The regulation of
these properties is mediated by several intracellular signalling pathways, such as Wnt/B-catenin, Notch,
transforming growth factor-B (TGF-B), and Hedgehog signalling. These pathways are crucial for
maintaining the stem-like characteristics of CSCs and influencing their behaviour within the tumour

microenvironment.
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To identify CSCs, researchers utilise specific surface markers, including CD24, CD44, CD133, and CD110.
For instance, CD133 has been shown to confer cancer stem-like properties by stabilising EGFR-AKT
signalling in hepatocellular carcinoma, while CD24 signalling through macrophage Siglec-10 has emerged

as a target for cancer immunotherapy. The identification of these markers is essential for isolating CSC

populations for further study and for developing targeted therapeutic strategies.

CSCs are integral to tumour initiation due to their inherent abilities to self-renew and differentiate. They

can initiate tumour formation by reconstituting cancer cells and generating heterogeneous tumour

populations. Evidence supporting the role of CSCs in tumour initiation includes studies demonstrating that

distinct populations of CSCs determine tumour growth and metastatic activity, particularly in human

pancreatic cancer. Additionally, a subpopulation of CD24+ cells in colon cancer cell lines has been

identified as possessing stem cell characteristics capable of initiating tumour formation.

In terms of tumour progression, CSCs contribute significantly to tumour growth and development. Their

self-renewal and differentiation abilities allow them to generate various cell types within the tumour,

leading to increased heterogeneity. CSCs promote tumour progression through multiple mechanisms,

including the dysregulation of key signalling pathways and interactions within the tumour

microenvironment. Their resistance to conventional therapeutic strategies also plays a critical role in

tumour recurrence and metastasis.
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The ability of CSCs to lead to the spread of cancer to other organs is another critical aspect of their biology.
CSCs can migrate and invade other tissues, facilitating metastasis due to their self-renewal and
differentiation capabilities. The properties that enable CSCs to metastasize include their ability to evade
immune attacks through mechanisms such as the downregulation of MHC-I and natural killer ligands, as
well as the upregulation of immune checkpoint proteins. This immune evasion, combined with their

inherent tumorigenic potential, underscores the importance of targeting CSCs in cancer treatment to

improve patient outcomes and reduce the risk of metastasis.

CSCs are typically found to constitute a minor subpopulation within tumours, often ranging from 1% to 5%

of the total tumour cell population in various cancers. However, this percentage can increase significantly

in advanced or aggressive tumours, where CSCs may represent a larger fraction of the tumour mass. For

instance, in some studies, the CSC population in metastatic tumours has been reported to be enriched

compared to primary tumours, suggesting that the dynamics of CSCs change as tumours progress and

spread.

Data:

Cancer stem cells (CSCs) play a crucial role in tumour initiation, progression, and metastasis. CSCs typically

constitute a small percentage of the total tumour cell population, ranging from 0.01-2% of the tumour

mass [11, 15]. In breast cancer, CSCs account for approximately 0.1-1% of primary tumour cells [12]. These

cells possess unique properties that contribute to cancer development and spread. CSCs have self-renewal

ability, tumour-initiating capacity, and can give rise to more differentiated progeny [11]. Compared to non-

CSCs, cancer stem cells generally exhibit enhanced proliferation, migration, and resistance to conventional
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therapies [13]. CSCs are often enriched in advanced and aggressive tumours, and cells isolated from
distant metastases frequently display CSC phenotypes [1]. For instance, in pancreatic cancer, a specific
subset of metastasis-capable CSCs (mCSCs) with a CD133+CXCR4+ phenotype has been identified [11].
CSCs also promote angiogenesis and adapt to the tumour microenvironment, further supporting tumour
growth and progression 13]. Additionally, CSCs have been implicated in therapy resistance, with residual
tumours after conventional treatments often showing an enrichment of CSCs [11]. This resistance

contributes to tumour recurrence and metastasis, making CSCs a critical target for developing more

effective cancer therapies [13, 15].

Results:

Cancer stem cells (CSCs) are important for how tumours start, grow, and spread. They make up a small
part of the tumour, usually between 0.01% and 2%, with breast cancer having about 0.1% to 1% of these
cells. CSCs are better at growing, moving, and surviving treatments compared to regular cancer cells. For
example, in pancreatic cancer, certain CSCs can lead to metastasis. These cells also help create new blood
vessels and adjust to their surroundings, which helps the tumour grow. After treatment, tumours often
have more CSCs, which can lead to the cancer coming back. This makes CSCs a key focus for new cancer

treatments.
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Discussion:
Cancer stem cells (CSCs) are a critical subpopulation of tumour cells that significantly impact our
understanding of cancer development and metastasis. These cells, which constitute a small fraction of the
tumour, possess unique abilities to self-renew, differentiate, and resist conventional therapies, thereby
driving tumour initiation, growth, and recurrence [16, 17, 18]. Understanding CSCs elucidates the
mechanisms behind tumour heterogeneity and the ability of tumours to adapt and survive under
therapeutic pressure, highlighting the need for targeted treatments that specifically address these resilient
cells [19][20]. Current research indicates that targeting CSCs could lead to more effective cancer
treatments by preventing relapse and metastasis, as these cells are often responsible for the resurgence
of the disease post-therapy [19]. However, our knowledge about CSCs is still limited, particularly regarding
their exact origins, the full spectrum of their biomarkers, and the mechanisms underlying their plasticity
and resistance to treatment [16][17]. Further research is needed to explore the molecular pathways that
regulate CSCs, develop reliable biomarkers for their detection, and design therapies that can selectively

target these cells without harming normal stem cells [16, 18, 20].

Conclusion:

Cancer stem cells (CSCs) play a crucial role in understanding cancer initiation, progression, and metastasis.
These cells, comprising a small fraction of the tumour (typically 0.01% to 2%), possess unique properties
that make them central to cancer biology. CSCs demonstrate enhanced capabilities for growth, migration,
and treatment resistance compared to regular cancer cells, contributing significantly to tumour

development and spread.
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The importance of CSCs in cancer biology cannot be overstated:
1. Tumour initiation and growth: CSCs are key drivers in tumour formation and expansion due to
their self-renewal and differentiation abilities.
2. Metastasis: Certain CSCs, such as those in pancreatic cancer, have been linked to the metastatic
process, highlighting their role in cancer spread.

3. Treatment resistance: CSCs often survive conventional therapies, leading to an increased

proportion of these cells post-treatment and contributing to cancer recurrence.

4, Tumour microenvironment: CSCs contribute to angiogenesis and adapt to their surroundings,

facilitating tumour growth.

The potential of CSC research for developing new cancer therapies is significant. By targeting CSCs
specifically, future treatments could potentially prevent tumour recurrence and metastasis, addressing
major challenges in current cancer management. This approach could lead to more effective and long-
lasting cancer treatments, potentially improving patient outcomes and survival rates. Understanding CSCs
is reshaping our comprehension of cancer biology and opening new avenues for therapeutic interventions.
As research in this field progresses, it holds promise for revolutionising cancer treatment strategies and

improving the overall effectiveness of cancer care.
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Limitations:
Cancer stem cells (CSCs) present significant challenges in cancer research due to their rarity, heterogeneity,
and the limited understanding of their mechanisms. Isolating and studying CSCs is particularly difficult
because they constitute a small fraction of the tumour cell population, making their identification and
extraction complex and resource-intensive. Furthermore, CSCs exhibit considerable heterogeneity across
different tumour types, and even within the same tumour, they can vary in their genetic, epigenetic, and
phenotypic characteristics. This diversity complicates the development of universal therapeutic strategies
targeting CSCs. Additionally, the specific mechanisms by which CSCs maintain their stemness, contribute
to tumour initiation, progression, metastasis, and resistance to conventional therapies are not yet fully

elucidated. This limited understanding hampers the ability to effectively target CSCs and necessitates

further research to unravel the intricate biology of these elusive

cells.

Future Directions:

Recent advancements in cancer stem cell (CSC) research have focused on developing more effective

methods for identifying and isolating these elusive cells. Researchers are exploring combinations of

surface markers, functional assays, and advanced technologies like single-cell sequencing to better

characterise and isolate CSCs from heterogeneous tumour populations[21, 22]. Concurrently, there is an

increased emphasis on investigating the complex signalling pathways that regulate CSC self-renewal and

differentiation, with particular attention to pathways such as Notch, Wnt, and Hedgehog[23].

Understanding these molecular mechanisms is crucial for developing targeted therapeutic strategies. As a
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result, new approaches are being designed to specifically target CSCs, including the development of drugs
that disrupt CSC-specific signalling pathways, inhibit CSC metabolism, or exploit CSC surface markers for

targeted delivery of cytotoxic agents [24]. These efforts aim to overcome the limitations of conventional

therapies and address the challenges posed by CSCs in cancer recurrence and metastasis.
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