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Abstract 
Cancer stem cells (CSCs) represent a small yet highly 

influential subpopulation within tumors, endowed with the 

ability to self-renew, differentiate, and drive tumor 

progression. These cells are increasingly recognized as 

central players in cancer initiation, metastasis, therapeutic 

resistance, and relapse. This review explores the biological 

characteristics of CSCs, their origin, molecular signaling 

pathways, role in tumor heterogeneity, and emerging 

therapeutic strategies targeting them. Understanding CSCs 

offers promising avenues for more effective and durable 

cancer treatments. 

Introduction 

Cancer remains one of the leading causes of mortality 
worldwide. Traditional models of tumor biology 
considered all cancer cells to have equal tumorigenic 
potential. However, the cancer stem cell hypothesis 
challenges this notion by proposing that only a subset 
of cells within a tumor possesses the ability to initiate 
and sustain cancer growth. These CSCs exhibit 
properties similar to normal stem cells, including self-
renewal and differentiation, but with dysregulated 
control mechanisms 
Characteristics of Cancer Stem Cells 

Self-Renewal 

CSCs can undergo asymmetric division, producing one 
daughter cell that retains stem-like properties and 
another that differentiates. This ability sustains the CSC 
pool and contributes to tumor maintenance. 

Differentiation Potential 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction  
Diabetic neuropathy, a common and debilitating,  
 

CSCs can generate heterogeneous populations of 
cancer cells, explaining the cellular diversity observed 
within tumors. 

Tumorigenicity 

Even a small number of CSCs can initiate tumor formation 

when transplanted into immunocompromised models, 
highlighting their potent tumorigenic capacity 

Resistance to Therapy 

CSCs exhibit resistance to conventional therapies such as 

chemotherapy and radiation due to 

 

• Enhanced DNA repair mechanisms  

• Drug efflux pumps (e.g., ABC transporters)  

• Quiescent (slow-cycling) state 

Origin of Cancer Stem Cells 

 

The origin of CSCs remains a subject of debate. 
Proposed sources include: 

• Normal Stem Cells: Accumulation of 
mutations in tissue stem cells  

• Progenitor Cells: Partial acquisition of self-
renewal ability  

• Differentiated Cells: Dedifferentiation under 
genetic or environmental influences  
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Signaling Pathways in CSCs Key  

Several conserved pathways regulate CSC 
maintenance: 

• Wnt/β-catenin Pathway: Controls self-renewal 
and proliferation  

• Notch Signaling: Influences cell fate decisions  

• Hedgehog Pathway: Regulates embryonic 
development and CSC survival  

• PI3K/Akt/mTOR Pathway: Promotes growth 
and survival  

Dysregulation of these pathways contributes to CSC 

persistence and tumor progression. 

CSCs and Tumor Microenvironment 

The tumor microenvironment (TME) plays a crucial 
role in maintaining CSC properties. Components 
include: 

• Cancer-associated fibroblasts (CAFs)  
• Immune cells  
• Hypoxic niches  

Hypoxia, in particular, enhances CSC stemness through 
hypoxia-inducible factors (HIFs), promoting 
angiogenesis and resistance to therapy 
 
Role in Metastasis and Recurrence 
 
CSCs are closely linked to metastasis due to their 
ability to undergo epithelial–mesenchymal transition 
(EMT), enabling migration and invasion. After 
treatment, surviving CSCs can regenerate tumors, 
leading to recurrence 
 

Identification and Markers of CSCs 

CSCs are identified using specific surface markers, 
which vary by cancer type: 

• CD133 – brain, colon cancers  

• CD44⁺/CD24⁻ – breast cancer  

• ALDH1 – multiple cancers  

Functional assays such as sphere formation and tumor 

initiation in animal models are also used. 

 

Therapeutic Targeting of CSCs 

Targeting Signaling Pathways 

Inhibitors of Wnt, Notch, and Hedgehog pathways are 
under investigation. 

Immunotherapy 

Strategies include targeting CSC-specific antigens and 
enhancing immune recognition 
 
Differentiation Therapy 
 
Inducing CSC differentiation into non-tumorigenic 
cells. 

Nanotechnology-Based Approaches 

Nanocarriers can deliver drugs specifically to CSCs, 

improving efficacy and reducing toxicity 

Challenges and Future Perspectives 

Despite advances, several challenges remain: 

• CSC heterogeneity across different cancers  
• Plasticity between CSC and non-CSC states  
• Lack of universal markers  
• Potential toxicity to normal stem cells  

Future research should focus on identifying precise 
biomarkers, understanding CSC plasticity, and 
developing combination therapies that target both 
CSCs and bulk tumor cells. 

Conclusion 

Cancer stem cells play a pivotal role in tumor initiation, 
progression, metastasis, and therapeutic resistance. 
Targeting CSCs holds promise for achieving long-term 
remission and potentially curing cancer. A deeper 
understanding of their biology will be essential for 
translating research findings into clinical success. 
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