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ABSTRACT
Cancer stem cells (CSCs) are at the center of processes such as tumor heterogeneity, drug resistance, metastasis, and post-
treatment recurrence in tumor biology. Due to their self-renewal and differentiation capabilities, these cells play a significant 
role in the course of disease by exhibiting resistance to conventional therapies. In malignancies with a high risk of recurrence 
and metastasis, such as ovarian cancer (OC), the development of new therapeutic strategies targeting CSCs has become 
critically necessary. This review presents the biological characteristics of CSCs and current treatment approaches in light of the 
literature, offering a comprehensive perspective on the subject.
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INTRODUCTION

Cancer stem cells (CSCs) represent a heterogeneous cell 
population positioned at the top of the hierarchical structure 
in tumor development, with demonstrated capacity to 
generate an entire tumor tissue from a single cell. Through 
their abilities for self-renewal and differentiation, they are 
distinguished from progenitor or precursor cells. CSCs have 
been identified in solid neoplasms such as breast, brain, bone, 
prostate, ovary, skin, liver, bladder, lung, colon, pancreas, 
and head and neck tumors, as well as in hematological 
malignancies.1

These cells retain biological characteristics specific to 
pluripotent stem cells and are characterized by mechanisms 
such as the expression of CD133, CD44, and aldehyde 
dehydrogenase (ALDH), along with the reactivation of 
developmental signaling pathways like Wnt/β-catenin, 
Notch, and Hedgehog. Moreover, with their enhanced 
adaptive capabilities under stress conditions, they exhibit 
resistance to conventional therapies such as chemotherapy 
and radiotherapy, and are associated with tumor recurrence.2 

Therefore, therapeutic approaches that directly target CSCs 
are considered promising strategies for enhancing the 
effectiveness of oncological treatments.3

CANCER STEM CELLS METABOLISM

CSCs are metabolically specialized to produce energy 
using various substrates in order to survive under diverse 
microenvironmental conditions. As with normal stem cells, 
glucose is of vital importance for CSCs, and the presence 
of glucose in the microenvironment has been shown to 

significantly increase the number of stem cell-like cancer 
cells. CSCs exhibit significantly higher glucose uptake, lactate 
production, glycolytic enzyme expression, and intracellular 
ATP levels compared to other cells.4 Among stem cell 
markers, CD44 is known to play a critical role in glycolytic 
metabolism.5 The active maintenance of glycolysis is essential 
for the survival of CSCs and the sustained progression of 
the tumor.6 Although glycolysis stands out as the primary 
energy production pathway in CSCs, recent studies have 
demonstrated that mitochondrial oxidative metabolism 
is also actively utilized by these cells.7 Some studies have 
shown that CSCs possess higher ATP levels despite lower 
glucose consumption and lactate production compared 
to differentiated cancer cells.8 Moreover, CSCs have been 
reported to utilize not only glucose but also various amino 
acids, such as glutamine and lysine, as energy sources. In 
addition, fatty acid oxidation may serve as an alternative 
metabolic pathway for energy production in these cells.9

CANCER STEM CELLS SIGNALING 
PATHWAYS 

The persistence of CSCs and their ability to evade therapeutic 
interventions depend on the active maintenance of various 
intracellular signaling pathways. Recent studies have revealed 
that therapeutic strategies targeting these signaling pathways 
yield successful results in both cell culture and animal 
models. While signaling pathways such as Sonic Hedgehog 
(Shh), Wnt, fibroblast growth factor (FGF), Notch, and bone 
morphogenetic protein (BMP) play crucial roles in normal 
cell development and morphogenesis, they also hold critical 
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functions in tumor formation and progression. Targeting 
these pathways offers a potential approach for the elimination 
of CSCs and for overcoming therapy resistance mechanisms.10

The Notch Pathway 
The Notch signaling pathway is a mechanism that operates 
through cell-cell interaction and plays a critical role in 
various fundamental biological processes such as embryonic 
development, tissue homeostasis, and cell differentiation. 
Notch receptors are key components of an extensive 
signaling network that regulates cellular fate determination, 
proliferation, apoptosis, and stem cell renewal in complex 
organisms. This pathway functions through four distinct 
membrane-bound Notch receptors (Notch1, Notch2, Notch3, 
Notch4) and their ligands (Jagged1, Jagged2, Delta-like 1, 
Delta-like 3, Delta-like 4).

In particular, the Notch3 receptor has been reported to be 
overexpressed in high-grade serous OC. The overexpression 
of Notch3 leads to upregulation of pathways necessary for 
the development of CSCs in serous OC cell lines (Figure 1).11 

Administration of Notch pathway inhibitors combined with 
cisplatin resulted in significant reductions in both cancer stem 
cell population and tumor cell number.12 The Notch signaling 
pathway is also associated with cervical cancer. Numerous 
studies have demonstrated increased Notch expression in 
cervical carcinoma cells. However, there is also evidence 
suggesting that in advanced-stage HPV-infected tumors, 
the expression level of Notch1 is decreased, and Notch 
signaling may suppress HPV-mediated transformation. These 
data indicate that the role of the Notch pathway in cervical 
carcinogenesis is complex and context-dependent.13

The Wnt Pathway 
The Wnt signaling pathway is one of the fundamental 
cellular signaling mechanisms involved in various 
developmental processes, including embryonic development, 
cell proliferation, and differentiation.14 This pathway plays 
a critical role in the formation and maintenance of CSCs. 
Particularly, disruptions in Wnt signaling are thought 
to mediate the transformation of somatic stem cells into 
a CSC phenotype by conferring regenerative capacity.15 

Irregularities in the Wnt pathway have been associated 
with the emergence and persistence of leukemic stem cells 
as well as the development of various solid and hematologic 
malignancies.16 Moreover, CSCs are believed to develop 
resistance to conventional chemotherapy agents through this 
pathway, which may adversely affect therapeutic outcomes 
(Figure 2).

Sonic Hedgehog (Shh) 
The Hedgehog (Hh) signaling pathway plays a vital role in 
regulating cellular proliferation, differentiation, and tissue 
organization during vertebrate embryonic development. 
Recent studies have revealed striking similarities between 
embryogenesis and tumor formation.17 In particular, there are 
significant overlaps between the two processes in terms of the 
acquisition of invasive cell properties, epigenetic regulations, 
gene expression profiles, the presence of oncofetal proteins 
and metabolic properties (e.g. high proliferative capacity, 
suppression of immune response). These similarities indicate 
that the Hedgehog signaling pathway is a determining 
element not only in developmental processes but also in 
malignant transformation and tumor progression.

TGF-β
Transforming growth factor-β (TGF-β) is a multifunctional 
cytokine involved in numerous biological processes, 
including early embryonic development, organogenesis, 
immune responses, tissue repair, and homeostasis. The 
effects of TGF-β on fibrosis and cancer are highly complex 
and context-dependent, varying with stage of the disease and 
cellular environment. While it acts as a tumor suppressor in 
early stages, it may promote tumor progression in advanced 
stages.18 Its pathological overexpression contributes to the 
development of fibrotic diseases and various cancer types 
by inducing epithelial-mesenchymal transition (EMT), 
extracellular matrix (ECM) accumulation, and the formation 
of cancer-associated fibroblasts (CAFs). Therapeutic 
approaches targeting the TGF-β signaling pathway are 
considered promising strategies, particularly for reshaping the 
tumor microenvironment (TME) and preventing metastasis. 
However, due to its potential for systemic cytotoxicity, the 
clinical application of TGF-β-focused therapeutics remains 
limited.

Figure 1. Differential activation of the Notch signaling pathway contributes to 
tumor progression in ovarian cancer and may play a suppressive role in HPV-
related cervical cancer

Figure 2. Wnt pathway alteration supports CSC self-renewal, survival, and 
resistance to therapy
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IL-6/JAK/STAT3
The IL-6/JAK/STAT3 signaling pathway is hyperactivated 
in many types of cancer and is often associated with poor 
prognosis. JAK/STAT3 signaling, activated via IL-6 within 
the TME, increases the proliferation, survival, invasive 
capacity and metastatic potential of tumor cells, while also 
allowing immune escape by suppressing the antitumor 
immune response (Figure 3). Therefore, therapeutic strategies 
targeting the IL-6/JAK/STAT3 pathway are considered an 
effective therapeutic approach due to their potential of both 
directly inhibiting tumor cell growth and enhancing the 
antitumor capacity of the immune system.19

NF-κB Pathway 
In OC, BRCA1 mutation is constitutively associated with the 
activation of the p65 subunit of NF-κB;20, 21 in OC cases 
treated with DNA damage repair inhibitors, activation of 
the p50 subunit of NF-κB has been observed. This reciprocal 
dependence between NF-κB and BRCA1 is considered 
responsible for chemotherapy resistance in OC. Inhibition of 
the NF-κB signaling pathway induces apoptosis in cisplatin-
resistant OC cell lines and reduces the number of CD44⁺ 
ovarian cancer stem cells (OCSCs).22 

CAFs, which are one of the main components of the TME, 
stimulate the overexpression of the ECM proteoglycan 
versican, which binds to the CD44 molecule on OCSCs 
and activates NF-κB and c-Jun N-terminal kinase (JNK) 
signaling.23,24

Furthermore, interleukin-17 (IL-17), which enhances the 
formation of CD133⁺ cell spheroids and the self-renewal 
capacity of OCSCs, exerts these effects through the NF-
κB and p38 mitogen-activated protein kinase (p38 MAPK) 
pathways.25 OCSCs are capable of autocrine stimulation via 
cytokines that activate inflammatory signaling pathways, 
thereby contributing to tumor progression.26,27

CD133⁺ OCSCs stimulated by IL-23 enhance their self-
renewal capacity through the activation of the NF-κB 
and STAT3 pathways.28 Activation induced by chemokine 
ligand-5 (CCL5) and its receptors promotes the migration of 
CD133⁺ OCSCs and their differentiation into endothelial cells 
via NF-κB and matrix metalloproteinase-9 (MMP-9).29

Constitutive NF-κB activity has been attributed to 
CD44⁺MyD88⁺ OCSCs, and activation of the TLR/MyD88/
NF-κB pathway has been associated with an increase in the 
number of OCSCs.30

CANCER STEM CELL HETEROGENEITY

Intratumoral heterogeneity is defined as the ability of cancer 
cells to exhibit genetic, epigenetic, and phenotypic differences 
even within the same tumor tissue. In a study conducted 
by Gerlinger and colleagues,31 primary renal carcinomas 
and their metastatic lesions were examined, revealing that 
only 31–37% of somatic mutations were shared between 
intratumoral regions, with the remainder showing regional 
differences. 

It was also determined that this heterogeneity occurs through 
the loss of function of multiple tumor suppressor genes and 
that gene expression profiles indicative of both good and poor 
prognosis exist in different regions. Recent analyses have 
shown that epigenetic variations such as allelic composition, 
ploidy, and promoter hypermethylation differences also 
contribute to intratumoral diversity.32

This diversity is a significant factor complicating the 
targeting and treatment of CSCs. The fact that CSC-specific 
markers do not show a consistent (uniform) expression 
pattern across different cancer types hinders the development 
of a universal marker set. For example, although markers 
such as CD133, CD44, CD166, CD24, and ALDH1 have been 
used in CSC isolation in many solid tumors, their expression 
varies significantly among tumor types.33 While CD133 is 
identified as an effective CSC marker in glioblastoma, the 
CD44⁺/CD24⁻ phenotype is considered a more meaningful 
isolation criterion in breast cancer.34,35 Differences in 
marker expression profiles among different subtypes of 
the same cancer or among similar subtypes in different 
patients significantly complicate the development of targeted 
therapeutic approaches specific to CSCs.

TREATMENTS TARGETING CANCER STEM 
CELLS

Due to their role as the source of therapy-resistant cells, CSCs 
are currently receiving increasing attention as therapeutic 
targets. Current evidence indicates that specific biomarkers, 
abnormally activated cellular signaling pathways, the 
immunosuppressive TME, and immune escape mechanisms 
play significant roles in the formation and maintenance 
of CSCs. Targeting these components may facilitate the 
elimination of CSCs by inducing their differentiation, thereby 
increasing the efficacy of cancer treatment. Various CSC 
biomarkers have been identified in different types of cancer. 
Among the most extensively studied are CD44, CD133, 
ALDH, and epithelial cell adhesion molecule (EpCAM). 
CD44 is a surface glycoprotein widely expressed in CSCs and 
generally associated with poor prognosis. In a phase I clinical 
trial targeting CD44, the monoclonal antibody RG7356 was 
shown to inhibit tumor growth by blocking CD44’s binding 
to hyaluronan (HA).36 In another study conducted in small 
cell lung cancer (SCLC) patients, HA-irinotecan complex 
therapy targeting CD44 was reported to yield favorable 
clinical outcomes. CD133 is another biomarker that plays 

Figure 3. The IL-6/JAK/STAT3 pathway supports cancer progression and 
immune evasion through persistent signaling activation
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a particularly significant role in tumor dissemination. A 
clinical study conducted in patients with hepatocellular 
carcinoma (HCC) demonstrated that CART-133 cell therapy 
targeting CD133 exhibited significant antitumor efficacy. 
EpCAM is a prominent biomarker highly expressed in CSCs 
and evaluated as a therapeutic target. In a study conducted 
in bladder cancer patients, the therapeutic agent VB4-845 
targeting EpCAM successfully inhibited tumor growth in 
patients resistant to or intolerant of Bacillus Calmette-Guerin 
(BCG) therapy.37 ALDH enzymes are among the biomarkers 
that play a crucial role in determining the biological activity 
of CSCs and tumor progression. Studies conducted in 
patients with colorectal liver metastases (CRLM) have shown 
that curcumin significantly reduced CSC proliferation by 
specifically targeting both ALDH and CD133 biomarkers.38 

Moreover, the combination of curcumin with 5-fluorouracil 
and oxaliplatin enhanced chemotherapeutic efficacy, more 
effectively inhibiting cancer cell growth. In light of these 
findings, treatment strategies targeting CSC biomarkers show 
promise in slowing cancer progression and reducing the risk 
of therapy-related recurrence.39

Targeting CSC Signaling Pathways
Various signaling pathways, such as Wnt/β-catenin, 
Hedgehog, Notch, and epidermal growth factor receptor 
(EGFR), play critical roles in the immortalization, 
reprogramming, and development of chemoresistance in 
CSCs. Therapeutic targeting of these pathways is among 
the promising strategies for CSC elimination. For example, 
Porcupine inhibitors have the potential to eliminate both 
proliferative CSCs activated via canonical Wnt pathways and 
dormant CSCs stimulated by non-canonical Wnt pathways 
by inhibiting the release of Wnt ligands. In Notch pathways, 
targeting ligands or receptors can exert therapeutic effects 
by suppressing aberrant signaling. In this context, delta-like 
ligand 4 (Dll4), a key component of the Notch pathway, plays 
a pivotal role particularly in angiogenesis processes. Phase I 
clinical trials have demonstrated that therapeutic agents such 
as demcizumab and enoticumab, which target Dll4, exhibit 
antitumor activity both as monotherapies and in combination 
treatment forms. In addition, oncogenic signaling pathways 
such as NF-κB, STAT3, and PI3K/Akt also play roles in the 
regulation of CSC self-renewal, survival, and differentiation 
capacities. These pathways contribute to the maintenance of 
the stem cell-like phenotype by controlling the expression of 
numerous target genes, including cytokines, growth factors, 
and genes associated with apoptosis.40 

Targeting the Tumor Microenvironment and Immune 
Response 
The TME represents the chronic inflammatory and 
immunosuppressive milieu necessary for the sustainability of 
CSCs. This inflammatory environment disrupts the normal 
functions of various stromal cells, leading to the secretion of 
biological agents that contribute to drug resistance and the 
establishment of immunosuppressive conditions. Therefore, 
a properly functioning host immune system is critically 
important in preventing inflammation-induced disruptions 
in TME homeostasis. In this context, various therapeutic 
strategies aimed at disrupting the TME are considered 
effective approaches for the elimination of CSCs. One of 
the key components of the TME, CAFs, plays a central role 
in the maintenance of CSCs and the development of drug 

resistance. Studies involving therapeutic agents developed 
against the surface markers of these cells have shown 
that tumor growth can be suppressed.41 Transforming 
growth factor-beta (TGF-β) is one of the most studied 
cytokines derived from the TME. TGF-β supports tumor 
development by suppressing T lymphocyte-mediated 
immune responses through signaling pathways activated in 
stromal cells.42 Clinical studies have reported therapeutic 
efficacy of agents such as M7824 and galunisertib that target 
TGF-β.43 Interleukin-6 (IL-6) plays a central role in both 
inflammation and tumor development. Research has shown 
that high IL-6 levels contribute to cisplatin resistance in 
non-small cell lung cancer (NSCLC) patients. However, the 
monoclonal antibody siltuximab, which targets IL-6, has 
demonstrated limited clinical efficacy in advanced-stage 
solid tumors.44 CD8⁺ T lymphocytes play a fundamental 
role in regulating adaptive immune responses. These cells 
eliminate abnormal cells with high specificity by recognizing 
antigenic peptides presented via major histocompatibility 
complex class I (MHC-I). Upon stimulation with interferon-
gamma (IFN-γ), the expression of molecules such as TAP 
(Transporter associated with Antigen Processing), ERAP 
(endoplasmic reticulum-associated aminopeptidases), and 
IFN-γ, which contribute to MHC-I antigen presentation, 
is increased. Although these components are not strictly 
essential for cellular proliferation, their deficiencies can lead 
to reduced MHC-I levels and impaired antigen presentation 
capacity.45 Antigen presentation via MHC-I is a critical step 
for effective responses by CD8⁺ T cells.46 Nevertheless, CSCs 
have developed various mechanisms to escape immune 
surveillance. These mechanisms include suppression of 
dendritic cell (DC) function and downregulation of MHC-I 
expression.47 It has been shown that CSCs can alter DC 
phenotypes, thereby limiting their accumulation in the 
microenvironment in ways that hinder T lymphocyte 
activation.48 In the TME, activation of immune checkpoint 
molecules such as CTLA-4 (cytotoxic T-lymphocyte antigen 
4) and the PD-1/PD-L1 (programmed death-1/programmed 
death-ligand 1) axis reorganizes immune homeostasis and 
allows tumor cells to evade immune responses. Immune 
checkpoint inhibitors (ICIs) targeting these pathways have 
demonstrated promising antitumor effects in various human 
cancers.48 However, the efficacy of these agents often depends 
on IL-12 secretion derived from DCs.49 Moreover, in tumors 
with low MHC-I expression, ICIs may exacerbate T cell 
dysfunction rather than correct it.50 Accordingly, supporting 
antigen processing and presentation pathways, along with the 
development of combination therapies with ICIs, are among 
the promising strategies for effectively targeting CSCs.

Targeting Differentiation 
Poorly differentiated tumors derived from CSCs typically 
exhibit more aggressive and malignant characteristics. 
Differentiation-based therapeutic approaches developed 
in this context aim to inhibit tumor progression by 
promoting the maturation of undifferentiated tumor cells 
into more mature and well-differentiated cell phenotypes. 
Differentiation-inducing agents such as retinoic acid 
(RA), cyclic adenosine monophosphate (cAMP), sodium 
butyrate, and various cytokines have been shown to be 
effective in certain cancer types. Among these agents, all-
trans retinoic acid (ATRA) has demonstrated significant 
anticancer activity by inducing terminal differentiation 
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in patients with acute myeloid leukemia (AML) and acute 
promyelocytic leukemia (APL).51 In recent years, next-
generation differentiation-inducing agents targeting mutant 
isocitrate dehydrogenase (IDH) 1 and IDH2 enzymes have 
achieved clinical success in AML treatment and received 
regulatory approval in this field. IDH1 and IDH2 mutations 
epigenetically affect the cellular differentiation process by 
increasing histone and DNA methylation, leading to the 
suppression of differentiation. Additionally, epigenetic 
modulators such as DNA methyltransferase inhibitors 
(DNMTis) and histone deacetylase inhibitors (HDACis), 
which increase MHC-I expression, have also been shown to 
have a role in differentiation processes.52 IDH1/2 mutations 
have been observed not only in hematologic malignancies 
but also in solid tumors. The differentiation-inducing effects 
of inhibitors developed against these mutations are currently 
being investigated in various clinical trials. Vaccines targeting 
IDH1 and agents such as ivosidenib and olutasidenib, have 
shown potential in reducing tumor burden and improving 
progression-free survival.53 The dual inhibitor vorasidenib, 
which targets both IDH isoforms (IDH1 and IDH2), has 
demonstrated promising antitumor activity particularly in 
recurrent or progressive, contrast-enhancing-negative IDH-
mutant low-grade gliomas.54 Neomorphic mutations in the 
IDH1/2 genes impair the homologous recombination (HR) 
repair mechanism, which renders these tumors sensitive to 
poly (ADP-ribose) polymerase (PARP) inhibitors. Based on 
this rationale, the Olaparib combination study represents a 
phase II trial in which patients with solid tumors harboring 
IDH1/2 mutations were treated with olaparib as monotherapy. 
Both in this study and in similar research, PARP inhibitors 
have been reported to exhibit clinical efficacy either as 
monotherapy or in combination regimens.55

CONCLUSION

CSCs play a central role in the processes of treatment 
resistance, relapse, and metastasis in many solid 
and hematologic malignancies. The self-renewal and 
differentiation capabilities of CSCs render conventional 
treatment strategies largely ineffective, positioning CSC-
targeted therapies as a priority in modern oncology practice. 
The data presented in this review highlight the breakthrough 
potential of treatment strategies targeting CSC biomarkers, 
signaling pathways, the TME, and immune evasion 
mechanisms. However, the high degree of heterogeneity 
and plasticity displayed by CSCs complicates the prediction 
of treatment responses, underscoring the importance 
of personalized and targeted therapeutic approaches. In 
the future, it is expected that clinically effective, multi-
component, and combination-based treatment strategies that 
specifically target CSCs while minimizing systemic toxicity 
will occupy a broader place in clinical practice.

ETHICAL DECLARATIONS

Referee Evaluation Process
Externally peer-reviewed. 

Conflict of Interest Statement
The authors have no conflicts of interest to declare. 

Financial Disclosure
The authors declared that this study has received no financial 
support. 

Author Contributions
All of the authors declare that they have all participated in 
the design, execution, and analysis of the paper, and that they 
have approved the final version.

REFERENCES

1.	 Qi D, Liu Y, Li J, Huang JH, Hu X, Wu E. Salinomycin as a potent 
anticancer stem cell agent: State of the art and future directions. Med 
Res Rev. 2022;42(3):1037-1063. doi:10.1002/med.21870

2.	 Hamaï A, Cañeque T, Müller S, et al. An iron hand over cancer stem 
cells. Autophagy. 2017;13(8):1465-1466. doi:10.1080/15548627.2017.1327104

3.	 Dewangan J, Srivastava S, Rath SK. Salinomycin: A new paradigm in 
cancer therapy. Tumour Biol. 2017;39(3):1010428317695035. doi:10.1177/ 
1010428317695035 

4.	 Zhou Y, Zhou Y, Shingu T, et al. Metabolic alterations in highly 
tumorigenic glioblastoma cells: preference for hypoxia and high 
dependency on glycolysis. J Biol Chem. 2011;286(37):32843-32853. doi: 
10.1074/jbc.M111.260935 

5.	 Tamada M, Nagano O, Tateyama S, et al. Modulation of glucose 
metabolism by CD44 contributes to antioxidant status and drug 
resistance in cancer cells. Cancer Res. 2012;72(6):1438-1448. doi:10.1158/ 
0008-5472.CAN-11-3024 

6.	 Chae YC, Kim JH. Cancer stem cell metabolism: target for cancer 
therapy. BMB Rep. 2018;51(7):319-326. doi:10.5483/bmbrep.2018.51.7.112 

7.	 Janiszewska M, Suvà ML, Riggi N, et al. Imp2 controls oxidative 
phosphorylation and is crucial for preserving glioblastoma cancer stem 
cells. Genes Dev. 2012;26(17):1926-1944. doi:10.1101/gad.188292.112 

8.	 Lagadinou ED, Sach A, Callahan K, et al. BCL-2 inhibition targets 
oxidative phosphorylation and selectively eradicates quiescent human 
leukemia stem cells.  Cell Stem Cell. 2013;12(3):329-341. doi:10.1016/j.
stem.2012.12.013

9.	 Jang YY, Sharkis SJ. A low level of reactive oxygen species selects for 
primitive hematopoietic stem cells that may reside in the low-oxygenic 
niche. Blood. 2007;110(8):3056-3063. doi:10.1182/blood-2007-05-087759 

10.	 Wang Y, Steinbeisser H. Molecular basis of morphogenesis during 
vertebrate gastrulation. Cell Mol Life Sci. 2009;66(14):2263-2273. doi:10. 
1007/s00018-009-0018-2 

11.	 Jain S, Annett SL, Morgan MP, Robson T. The cancer stem cell niche in 
ovarian cancer and its impact on immune surveillance.  Int J Mol Sci. 
2021;22(8):4091. doi:10.3390/ijms22084091

12.	 McAuliffe SM, Morgan SL, Wyant GA, et al. Targeting Notch, a key 
pathway for ovarian cancer stem cells, sensitizes tumors to platinum 
therapy. Proc Natl Acad Sci U S A. 2012;109(43):E2939-E2948. doi:10. 
1073/pnas.1206400109 

13.	 Allenspach EJ, Maillard I, Aster JC, Pear WS. Notch signaling in cancer. 
Cancer Biol Ther. 2002;1(5):466-476. doi:10.4161/cbt.1.5.159 

14.	 Nusse R, Clevers H. Wnt/β-Catenin Signaling, Disease, and Emerging 
Therapeutic Modalities.  Cell. 2017;169(6):985-999. doi:10.1016/j.cell. 
2017.05.016 

15.	 Duchartre Y, Kim YM, Kahn M. The Wnt signaling pathway in cancer. 
Crit Rev Oncol Hematol. 2016;99:141-149. doi:10.1016/j.critrevonc.2015. 
12.005 

16.	 Bolouri H, Farrar JE, Triche T Jr, et al. The molecular landscape 
of pediatric acute myeloid leukemia reveals recurrent structural 
alterations and age-specific mutational interactions.  Nat Med. 2018; 
24(1):103-112. doi:10.1038/nm.4439

17.	 Ma Y, Zhang P, Wang F, Yang J, Yang Z, Qin H. The relationship 
between early embryo development and tumourigenesis.  J Cell Mol 
Med. 2010;14(12):2697-2701. doi:10.1111/j.1582-4934.2010.01191.x 

18.	 Peng D, Fu M, Wang M, Wei Y, Wei X. Targeting TGF-β signal 
transduction for fibrosis and cancer therapy. Molecular Cancer. 2022; 
21(1):104.

19.	 Johnson DE, O’Keefe RA, Grandis JR. Targeting the IL-6/JAK/STAT3 
signalling axis in cancer. Nat Rev Clin Oncol. 2018;15(4):234-248. doi: 
10.1038/nrclinonc.2018.8

20.	 Harte MT, Gorski JJ, Savage KI, et al. NF-κB is a critical mediator of 
BRCA1-induced chemoresistance.  Oncogene. 2014;33(6):713-723. doi: 
10.1038/onc.2013.10 



J Curr Hematol Oncol Res. 2025;3(4):94-99 Cancer stem cells

99

21.	 Gonzalez-Torres C, Gaytan-Cervantes J, Vazquez-Santillan K, et al. NF-
κB participates in the stem cell phenotype of ovarian cancer cells. Arch 
Med Res. 2017;48(4):343-351. doi:10.1016/j.arcmed.2017.08.001

22.	 Parajuli B, Lee HG, Kwon SH, et al. Salinomycin inhibits Akt/NF-κB 
and induces apoptosis in cisplatin resistant ovarian cancer cells. Cancer 
Epidemiol. 2013;37(4):512-517. doi:10.1016/j.canep.2013.02.008

23.	 Bregenzer ME, Horst EN, Mehta P, Novak CM, Repetto T, Mehta G. 
The role of cancer stem cells and mechanical forces in ovarian cancer 
metastasis.  Cancers (Basel). 2019;11(7):1008. doi:10.3390/cancers 
11071008

24.	 Yeung TL, Leung CS, Wong KK, et al. TGF-β modulates ovarian 
cancer invasion by upregulating CAF-derived versican in the tumor 
microenvironment.  Cancer Res. 2013;73(16):5016-5028. doi:10.1158/ 
0008-5472.CAN-13-0023 

25.	 Xiang T, Long H, He L, et al. Interleukin-17 produced by tumor 
microenvironment promotes self-renewal of CD133+ cancer stem-like 
cells in ovarian cancer. Oncogene. 2015;34(2):165-176. doi:10.1038/onc. 
2013.537 

26.	 Long H, Xie R, Xiang T, et al. Autocrine CCL5 signaling promotes 
invasion and migration of CD133+ ovarian cancer stem-like cells via 
NF-κB-mediated MMP-9 upregulation.  Stem Cells. 2012;30(10):2309-
2319. doi:10.1002/stem.1194

27.	 Varas-Godoy M, Rice G, Illanes SE. The crosstalk between ovarian 
cancer stem cell niche and the tumor microenvironment.  Stem Cells 
Int. 2017;2017:5263974. doi:10.1155/2017/5263974

28.	 Wang D, Xiang T, Zhao Z, et al. Autocrine interleukin-23 promotes 
self-renewal of CD133+ ovarian cancer stem-like cells.  Oncotarget. 
2016;7(46):76006-76020. doi:10.18632/oncotarget.12579

29.	 Tang S, Xiang T, Huang S, et al. Ovarian cancer stem-like cells 
differentiate into endothelial cells and participate in tumor angiogenesis 
through autocrine CCL5 signaling.  Cancer Lett. 2016;376(1):137-147. 
doi:10.1016/j.canlet.2016.03.034 

30.	 Klemba A, Purzycka-Olewiecka JK, Wcisło G, et al. Surface markers 
of cancer stem-like cells of ovarian cancer and their clinical relevance.
Contemp Oncol (Pozn). 2018;22(1A):48-55. doi:10.5114/wo.2018.73885 

31.	 Gerlinger M, Rowan AJ, Horswell S, et al. Intratumor heterogeneity and 
branched evolution revealed by multiregion sequencing. N Engl J Med. 
2012;366(10):883-892. doi:10.1056/NEJMoa1113205 

32.	 Prasetyanti PR, Medema JP. Intra-tumor heterogeneity from a cancer 
stem cell perspective.  Mol Cancer. 2017;16(1):41. doi:10.1186/s12943-
017-0600-4

33.	 Medema JP. Cancer stem cells: the challenges ahead. Nat Cell Biol. 2013; 
15(4):338-344. doi:10.1038/ncb2717 

34.	 Singh SK, Hawkins C, Clarke ID, et al. Identification of human brain 
tumour initiating cells.  Nature. 2004;432(7015):396-401. doi:10.1038/
nature03128

35.	 Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ, Clarke MF. 
Prospective identification of tumorigenic breast cancer cells. Proc Natl 
Acad Sci U S A. 2003;100(7):3983-3988. doi:10.1073/pnas.0530291100

36.	 Menke-van der Houven van Oordt CW, Gomez-Roca C, van Herpen 
C, et al. First-in-human phase I clinical trial of RG7356, an anti-CD44 
humanized antibody, in patients with advanced, CD44-expressing solid 
tumors. Oncotarget. 2016;7(48):80046-80058. doi:10.18632/oncotarget. 
11098

37.	 Kowalski M, Entwistle J, Cizeau J, et al. A phase I study of an 
intravesically administered immunotoxin targeting EpCAM for the 
treatment of nonmuscle-invasive bladder cancer in BCGrefractory and 
BCG-intolerant patients.  Drug Des Devel Ther. 2010;4:313-320. doi:10. 
2147/DDDT.S14071

38.	 James MI, Iwuji C, Irving G, et al. Curcumin inhibits cancer stem 
cell phenotypes in ex vivo models of colorectal liver metastases, 
and is clinically safe and tolerable in combination with FOLFOX 
chemotherapy. Cancer Lett. 2015;364(2):135-141. doi:10.1016/j.canlet. 
2015.05.005

39.	 Rodon J, Argilés G, Connolly RM, et al. Phase 1 study of single-agent 
WNT974, a first-in-class porcupine inhibitor, in patients with advanced 
solid tumours. Br J Cancer. 2021;125(1):28-37. doi:10.1038/s41416-021-
01389-8

40.	 Chiorean EG, LoRusso P, Strother RM, et al. A phase I first-in-human 
study of enoticumab (REGN421), a fully human delta-like ligand 4 
(Dll4) monoclonal antibody in patients with advanced solid tumors.
Clin Cancer Res. 2015;21(12):2695-2703. doi:10.1158/1078-0432.CCR-
14-2797

41.	 Sun HR, Wang S, Yan SC, et al. Therapeutic strategies targeting cancer 
stem cells and their microenvironment. Front Oncol. 2019;9:1104. doi: 
10.3389/fonc.2019.01104

42.	 Tauriello DVF, Sancho E, Batlle E. Overcoming TGFβ-mediated 
immune evasion in cancer.  Nat Rev Cancer. 2022;22(1):25-44. doi:10. 
1038/s41568-021-00413-6

43.	 Strauss J, Heery CR, Schlom J, et al. Phase I trial of M7824 
(MSB0011359C), a bifunctional fusion protein targeting PD-L1 and 
TGFβ, in advanced solid tumors.  Clin Cancer Res. 2018;24(6):1287-
1295. doi:10.1158/1078-0432.CCR-17-2653

44.	 Shintani Y, Fujiwara A, Kimura T, et al. IL-6 secreted from cancer-
associated fibroblasts mediates chemoresistance in NSCLC by 
increasing epithelial-mesenchymal transition signaling. J Thorac Oncol. 
2016;11(9):1482-1492. doi:10.1016/j.jtho.2016.05.025

45.	 Rock KL, Reits E, Neefjes J. Present yourself! By MHC class I and MHC 
class II molecules. Trends Immunol. 2016;37(11):724-737. doi:10.1016/j.
it.2016.08.010

46.	 Jachetti E, Caputo S, Mazzoleni S, et al. Tenascin-C protects cancer 
stem-like cells from immune surveillance by arresting T-cell activation.
Cancer Res. 2015;75(10):2095-2108. doi:10.1158/0008-5472.CAN-14-2346

47.	 Zhong M, Zhong C, Cui W, et al. Induction of tolerogenic dendritic cells 
by activated TGF-β/Akt/Smad2 signaling in RIG-I-deficient stemness-
high human liver cancer cells. BMC Cancer. 2019;19(1):439. doi:10.1186/
s12885-019-5670-9

48.	 Topalian SL, Taube JM, Anders RA, Pardoll DM. Mechanism-driven 
biomarkers to guide immune checkpoint blockade in cancer therapy.
Nat Rev Cancer. 2016;16(5):275-287. doi:10.1038/nrc.2016.36 

49.	 Garris CS, Arlauckas SP, Kohler RH, et al. Successful anti-PD-1 cancer 
immunotherapy requires T cell-dendritic cell crosstalk involving the 
cytokines IFN-γ and IL-12.  Immunity. 2018;49(6):1148-1161.e7. doi:10. 
1016/j.immuni.2018.09.024

50.	 Verma V, Shrimali RK, Ahmad S, et al. PD-1 blockade in subprimed 
CD8 cells induces dysfunctional PD-1+CD38hi  cells and anti-PD-1 
resistance. Nat Immunol. 2019;20(9):1231-1243. doi:10.1038/s41590-
019-0441-y

51.	 Madan V, Koeffler HP. Differentiation therapy of myeloid leukemia: 
four decades of development. Haematologica. 2021;106(1):26-38. doi:10. 
3324/haematol.2020.262121

52.	 Fallenberg EM, Schmitzberger FF, Amer H, et al. Contrast-enhanced 
spectral mammography vs. mammography and MRI - clinical 
performance in a multi-reader evaluation. Eur Radiol. 2017;27(7):2752-
2764. doi:10.1007/s00330-016-4650-6 

53.	 Abou-Alfa GK, Macarulla T, Javle MM, et al. Ivosidenib in IDH1-
mutant, chemotherapy-refractory cholangiocarcinoma (ClarIDHy): 
a multicentre, randomised, double-blind, placebo-controlled, phase 3 
study. Lancet Oncol. 2020;21(6):796-807. doi:10.1016/S1470-2045(20) 
30157-1

54.	 Mellinghoff IK, Penas-Prado M, Peters KB, et al. Vorasidenib, a dual 
inhibitor of mutant IDH1/2, in recurrent or progressive glioma; results 
of a first-in-human phase I trial.  Clin Cancer Res. 2021;27(16):4491-
4499. doi:10.1158/1078-0432.CCR-21-0611

55.	 Eder JP, Doroshow DB, Do KT, et al. Clinical efficacy of olaparib in 
IDH1/IDH2-mutant mesenchymal sarcomas. JCO Precis Oncol. 2021;5: 
466-472. doi:10.1200/PO.20.00247


