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Introduction

Cancer remains one of the most formidable challenges in
modern medicine, with its complex and heterogeneous nature
posing significant obstacles to effective treatment. Within
the intricate landscape of tumors, a small subpopulation of
cells known as cancer stem cells (CSCs) has emerged as a
focal point of research, offering insights into the underlying
mechanisms of tumor initiation, progression, and therapeutic
resistance. In this article, we delve into the enigmatic world
of cancer stem cells, exploring their characteristics, roles in
tumorigenesis, and implications for cancer therapy [1].

Defining cancer stem cells

Cancer stem cells are a subset of cells within tumors that
possess stem cell-like properties, including self-renewal,
differentiation potential, and tumor-initiating capacity
[2]. Similar to normal stem cells, CSCs can give rise to
heterogeneous populations of cancer cells within tumors,
contributing to intratumoral heterogeneity and therapeutic
resistance. The identification and characterization of CSCs
have transformed our understanding of cancer biology,
highlighting the importance of targeting these cells in cancer
therapy [3].

Characteristics of cancer stem cells: Cancer stem cells
exhibit distinct phenotypic and functional characteristics that
distinguish them from bulk tumor cells [4]. These include
elevated expression of stem cell markers, such as CD44,
CD133, and ALDH, as well as enhanced tumorigenic potential
in xenograft models. CSCs also possess unique properties
that contribute to their resistance to conventional therapies,
such as enhanced DNA repair mechanisms, quiescence, and
expression of drug efflux pumps [5].

Roles of cancer stem cells in tumorigenesis: Cancer stem
cells play critical roles in tumor initiation, progression,
metastasis, and recurrence [6]. As the driving force behind
tumor growth and heterogeneity, CSCs contribute to the
formation of primary tumors and the seeding of metastatic
lesions in distant organs. Moreover, CSCs are implicated
in therapeutic resistance, as their intrinsic properties confer
resistance to chemotherapy, radiation therapy, and targeted
therapies, leading to treatment failure and disease relapse [7].

The origin of cancer stem cells remains a topic of debate,
with evidence suggesting that they may arise from normal

tissue stem cells, progenitor cells, or dedifferentiated
cancer cells through genetic and epigenetic alterations
[8]. Furthermore, CSCs exhibit phenotypic and functional
plasticity, transitioning between stem-like and differentiated
states in response to microenvironmental cues and therapeutic
pressures. This plasticity contributes to the dynamic nature of
tumors and poses challenges for targeted therapies aimed at
eradicating CSCs [9].

Therapeutic targeting of cancer stem cells: Targeting cancer
stem cells represents a promising strategy for overcoming
therapeutic resistance and improving patient outcomes.
Approaches aimed at selectively targeting CSCs include
inhibition of stem cell signaling pathways, disruption of stem
cell niche interactions, induction of CSC differentiation, and
eradication of quiescent CSCs. Combination therapies that
target both CSCs and bulk tumor cells hold potential for
achieving more durable responses and preventing disease
recurrence [10].

Conclusion

Cancer stem cells represent a unique and elusive population
within tumors, with profound implications for cancer biology
and therapy. By elucidating the characteristics and roles of
CSCs in tumorigenesis, researchers aim to develop innovative
strategies for targeting these cells and overcoming therapeutic
resistance. As our understanding of CSCs continues to evolve,
the pursuit of effective therapies that eradicate CSCs while
sparing normal tissues holds promise for transforming the
landscape of cancer treatment and improving patient outcomes.
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