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Abstract
Ovarian cancer is considered the most lethal among all gynecological malignancies due to its early metastatic dissemination,
extensive spread, and malignant ascites. The current standard of care for advanced ovarian cancer involves a combination of
cytoreductive surgery and chemotherapy utilizing platinum-based and taxane-based agents. Although initial treatment yields
clinical remission in 70–80% of patients, the majority eventually develop treatment resistance and tumor recurrence. A
growing body of evidence indicates the existence of cancer stem cells within diverse solid tumors, including ovarian cancer,
which function as a subpopulation to propel tumor growth and disease advancement by means of drug resistance, recurrence,
and metastasis. The presence of ovarian cancer stem cells is widely considered to be a significant contributor to the
unfavorable clinical outcomes observed in patients with ovarian cancer, as they play a crucial role in mediating
chemotherapy resistance, recurrence, and metastasis. Ovarian cancer stem cells possess the capacity to reassemble within the
entirety of the tumor following conventional treatment, thereby instigating the recurrence of ovarian cancer and inducing
resistance to treatment. Consequently, the creation of therapeutic approaches aimed at eliminating ovarian cancer stem cells
holds great potential for the management of ovarian cancer. These cells are regarded as one of the most auspicious targets
and mechanisms for the treatment of ovarian cancer. There is a pressing need for a comprehensive comprehension of the
fundamental mechanisms of ovarian cancer’s recurrence, metastasis, and drug resistance, alongside the development of
effective strategies to overcome chemoresistance, metastasis, and recurrence. The implementation of cancer stem cell
therapies may potentially augment the tumor cells’ sensitivity to existing chemotherapy protocols, thereby mitigating the
risks of tumor metastasis and recurrence, and ultimately improving the survival rates of ovarian cancer patients.
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Introduction

Ovarian cancer is typically classified into three primary
types based on cell origin: epithelial cancer (90%), sex
cord-stromal cancer (7%), and germ cell cancer (3–7%) [1].
Epithelial ovarian cancer is the leading cause of death
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among women and has the highest mortality rate of all
gynecological malignancies [2]. It ranks fifth globally in
cancer-related deaths among women [3]. High-grade serous
ovarian carcinoma (HGSOv) is the most prevalent form of
epithelial ovarian cancer, accounting for 60–80% of cases
[4]. The absence of precise detection techniques during the
initial stages of ovarian Cancer results in an estimated 75%
of patients being diagnosed at stage III or IV. The corre-
sponding survival rates for patients with stage III and IV
disease are 39% and 17%, respectively. At the time of
diagnosis, over 80% of ovarian cancer patients exhibit
peritoneal metastasis and significant ascites, which accounts
for the demise of 90% of ovarian cancer patients [5–7].
Research findings indicate that ovarian cancer presents a
five-year overall survival rate of 40%, while epithelial
ovarian cancer exhibits a survival rate in close proximity to
30% [8, 9]. The life expectancy of individuals diagnosed
with this condition ranges from 6 to 18 months [10]. The
resistance of chemotherapy and the consequent recurrence
of tumors render ovarian cancer the most fatal gynecologic
malignancy [11].

Undoubtedly, surgical resection and platinum or taxane
chemotherapy have proven to be efficacious treatments for
the majority of patients. As per the literature, nearly 80% of
patients exhibit success with these treatments [12], while
approximately 70% of patients experience end-stage dis-
ease, recurrent disease, and chemotherapy resistance [13].
Furthermore, conventional chemotherapy, such as platinum
and paclitaxel, can enhance short-term survival rates. Che-
motherapy resistance may ensue following multiple treat-
ment cycles, as evidenced by several studies that have
identified various mechanisms underlying this phenomenon,
including inadequate intracellular drug accumulation,
heightened activation of antioxidant and anti-apoptotic
signals, and enhanced DNA repair efficiency [14]. The
emergence of chemotherapy resistance and disease recur-
rence can significantly impede long-term survival outcomes
[15, 16]. Over the past four decades, there has been minimal
progress in the long-term survival rates of patients diag-
nosed with advanced ovarian cancer [17]. The decision to
employ multiple chemotherapeutic agents with varying
biological mechanisms, either in combination or as mono-
therapy, in the treatment of recurrent ovarian cancer is left
to the discretion of the clinician and is dependent on the
patient’s systemic therapy and platinum-free interval [17]. It
is crucial to acknowledge, however, that despite treatment,
recurrent ovarian cancer remains incurable [18]. Several
genetic abnormalities, such as P53 and BRCA1/2 muta-
tions, RB1 and NF1 inhibition, and MDR1 overexpression,
are implicated in the development of chemotherapy resis-
tance in ovarian cancer. To overcome this challenge, var-
ious platinum- and paclitaxel-free treatments have been
developed, including VEGF inhibitors and PARP inhibitors,

which have demonstrated improved overall survival in
ovarian cancer patients. However, their use is constrained
by their high costs and toxic side effects. Despite the
development of several treatment options, ovarian cancer
remains associated with a high recurrence rate. Despite a
decade of concerted efforts to develop novel treatment
strategies for ovarian cancer, there has been no significant
improvement in long-term clinical outcomes [19]. Further-
more, approximately 70–75% of patients who undergo
optimal treatment will experience tumor recurrence, and the
survival rate for those with recurrent ovarian cancer is poor
due to increased resistance to conventional treatment
methods [20]. The cumulative toxic effects of chemother-
apy, cross-resistance to chemotherapy, and the diminished
quality of life experienced by ovarian cancer patients
represent significant clinical challenges.

Cancer stem cells are a distinct subset of cells present
within tumors that possess the capacity for self-renewal and
the ability to generate heterogeneous cancer cell lineages
[21, 22]. Stem cells, contingent upon the tumor micro-
environment, can undergo division and produce daughter
cells that maintain the full differentiation potential and self-
renewal capacity of their parent stem cells. Upon culturing
under specific conditions, these daughter cells can further
differentiate. Recent research indicates that cancer stem
cells, which possess the capacity to differentiate into all cell
types present in particular tumors, are prevalent in diverse
solid tumors and exert a pivotal influence on tumorigenesis,
progression, metastasis, recurrence, angiogenesis, and drug
resistance. Notably, ovarian cancer is characterized by a
significant subpopulation of cancer stem cells within the
tumor tissue, which may contribute to the high incidence of
metastasis and recurrence [23–32]. Research has indicated
that cancer stem cells exhibit greater resistance to conven-
tional chemotherapy regimens and possess the capacity to
initiate tumorigenesis, thereby constituting a significant
factor in disease recurrence. The prevailing therapeutic
approaches primarily target differentiated and rapidly pro-
liferating tumor cells, leaving behind quiescent tumor stem
cells that subsequently lead to tumor recurrence and
metastasis. Furthermore, recent investigations have estab-
lished that cancer stem cells display a high degree of
resistance to established chemotherapy and radiotherapy,
which represents a major contributor to the failure of cancer
treatment [33]. The inability to eradicate cancer stem cells
effectively is a significant contributing factor to the recur-
rence of ovarian cancer following chemotherapy, as evi-
denced by multiple sources [34–36]. These cells are
typically in the G0 phase of the cell cycle and possess
elevated levels of telomerase activity, DNA repair profi-
ciency, and anti-apoptotic activity, enabling them to evade
the cytotoxic effects of chemotherapy. Consequently, novel
therapeutic strategies aimed at inhibiting cancer stem cells
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hold promise for achieving comprehensive suppression of
tumor growth, metastasis, drug resistance, and recurrence.
In order to address the constraints of ovarian cancer treat-
ment, novel therapeutic strategies are required to impede the
emergence of relapsing and chemotherapy-resistant neo-
plasms by selectively targeting cancer stem cells. This
approach holds promise for extending the survival of indi-
viduals afflicted with ovarian cancer(refer to Fig. 1).

Cancer Stem Cells

Basic Concepts of Cancer Stem Cells

Cancer stem cells (CSCs), also referred to as tumor-
initiating cells (TICs), are a limited population of tumor
cells that exhibit stem-like characteristics within neoplasms.
These cells possess the capacity for self-renewal and dif-
ferentiation, enabling them to sustain the hierarchical
organization of the tumor [37]. CSCs have been detected
and isolated in various tumors, including ovarian cancer
[37], breast cancer [38], pancreatic cancer [39], colon can-
cer [40], and acute myeloid leukemia [41]. This particular
subset of stem cells sustains the progression and maturation
of tumor cells [42], and possesses inherent resistance to
therapeutic measures targeting rapidly proliferating cells
[43–46].

The hypothesis of cancer stem cells suggests that tumors
exhibit a hierarchical organization, wherein subpopulations
of cancer cells possess self-replicating properties. Addi-
tionally, this population, which is infrequent in tumor tissue,

obtains or maintains stem-like characteristics, such as the
capacity to produce differentiated daughter cells, resistance
to drugs, and inherent or acquired DNA repair capability
[47, 48]. These features collectively contribute to the
advancement, preservation, or recurrence of the disease
[49–51]. The theory of cancer stem cells has recently inte-
grated the notion of plasticity, whereby these particular
cellular subsets possess the capacity to undergo dediffer-
entiation in either direction or differentiate into a spectrum
of stem-like characteristics when exposed to environmental
stressors [29, 52–54].

Isolation and Enrichment of Cancer Stem Cells and
Model Establishment

In 2005, Bapat et al. initially isolated ovarian cancer stem
cells from the ascites of a patient with advanced ovarian
cancer [55]. Subsequent investigations employed varying
experimental techniques and selected distinct tumor mar-
kers to isolate cancer stem cells from ovarian tumors or
ascites specimens. These studies revealed that between
0.25% and 12% of cells in tumor tissues exhibit cancer stem
cell properties [56, 57]. Despite their minority status within
the overall tumor tissue, these cells exert a dominant
influence on the development and progression of ovarian
cancer.

In recent times, various groups have endeavored to
establish novel models of human cancer stem cells [58, 59].
Presently, the process of enrichment involves the collection
of cells that express markers of tumor stem cells [60, 61] or
relies on the assessment of aldehyde dehydrogenase

Fig. 1 While traditional chemotherapy can partially reduce tumor cells,
it has limited efficacy against cancer stem cells. During treatment, the
continuous production of new tumor cells by cancer stem cells poses a
challenge to complete tumor eradication. The elimination of cancer

stem cells is therefore crucial in preventing the generation of new
tumor cells and gradual tumor regression. Combining both treatment
modalities can yield a significant reduction in tumor volume during the
early stages of treatment and improve patient prognosis
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(ALDH) activity [62]. Successful identification and isola-
tion of ovarian cancer stem cells have been achieved
through the utilization of cell surface markers such as
CD44, CD117, and CD133. The identification of cancer
stem cells has been widely facilitated by the assessment of
ALDH1 activity. Cells that exhibit high levels of ALDH1
expression can be identified through the ALDEFLUOR
assay and isolated through the use of ALDH1 antibody [63].
Currently, the isolation of ovarian cancer stem cells pre-
dominantly relies on the utilization of CD44, CD133,
CD24, CD117 (c-Kit), and ALDH 1A1 markers, often in
combination [64–69]. Tumor spheroid formation is a fre-
quently employed technique in cancer stem cell culture
[70, 71]. A viable method for enriching cancer stem cells
involves the utilization of transformed ovarian cancer cell
lines that generate tumor spheres or undergo epithelial-
mesenchymal transition (EMT) [72]. These cell lines
express alternative cancer stem cell markers and exhibit
potential tumorigenic properties in vivo. This model has
proven to be instrumental in identifying compounds that
selectively target cancer stem cells [73].

Ovarian Cancer Stem Cell Markers

By identifying predictive biomarkers for ovarian cancer,
personalized prediction, prevention, and precision medicine
can be achieved, ultimately leading to improved survival
rates for patients with invasive ovarian cancer. While bio-
markers such as carbohydrate antigen 125 (CA125), human
epididymis protein 4 (HE4), breast cancer 1 (BRCA1), and
human chorionic gonadotropin (HCG) have been utilized in
the diagnosis of ovarian cancer, their effectiveness as
common biomarkers remains suboptimal [74]. Several
omics techniques, such as transcriptomics and proteomics,
have been employed to expedite the implementation of
predictive, preventive, and personalized medicine (PPPM),
thereby enhancing the precision of efficacy forecasting
[75–77].

The identification of ovarian cancer stem cells is based
on the expression of certain molecular markers. Over the
years, several biomarkers have been discovered that are
specifically or co-expressed in these cells, and their distinct
roles in tumorigenesis have been extensively investigated.
The overexpression of biomarkers such as CD44, CD133,
CD117, LGR5, or ALDH has been used to identify cancer
stem cells [66, 78–80]. The identification of ovarian cancer
stem cell characteristics, including the quantification of
cancer stem cell population [37] and the evaluation of CD44
expression [81], has been suggested as a means of pre-
dicting disease progression in ovarian cancer and facilitat-
ing the selection of appropriate treatment strategies.

Epithelial ovarian cancer has been found to possess over
10 cancer stem cell markers, such as side population (SP),

CD133, ALDH1/2, LY6A, LGR5, EpCAM, CD133, CD44,
CD34, CD24, CD117, MyD88, and CDH1. Research has
demonstrated that CD133 can sustain the functional char-
acteristics and tumorigenesis of ovarian cancer stem cells by
stimulating cell survival signaling pathways, thus rendering
it a promising candidate for targeted therapy aimed at
ovarian cancer stem cells [82].The cell surface markers
CD105, CD44, and CD106 exhibit potential as cancer stem
cell-related markers, prognostic indicators, and therapeutic
targets for ovarian cancer, as suggested by previous
research [83].

Ovarian Cancer Stem Cell-related Signaling
Pathways and Key Transcription Factors

Research has demonstrated that the dynamic interplay
among cancer stem cells, tumor cells, and their micro-
environment triggers distinct pathways that facilitate the
proliferation and advancement of tumor cells. Certain
pathways are responsible for conferring stemness upon
tumor cells. The identification of the cellular pathways
implicated in the interplay of genes involved in these
mechanisms is crucial for advancing our comprehension of
the molecular underpinnings of cancer stem cells and their
association with tumor cells.

Research has demonstrated that the signaling pathways
of Wnt, SONIC Hedgehog (SHH), NOTCH, PI3K/PTEN,
MAPK, and NF-κB are associated with epithelial ovarian
cancer stem cells [82, 84]. Furthermore, aberrant signaling
pathways in cancer stem cells encompass Hedgehog, Notch,
Wnt/β-catenin pathways, PI3K/AKT, TGF-β, EGFR, JAK/
STAT, NF-κB, and other oncogenic cascade pathways [34].
Recent research has indicated that cellular signaling path-
ways, including Notch, Sonic Hedgehog (SHH), Wnt/
β-catenin, PTEN, TGF-β, and Bmi-1, which are crucial for
stem cell self-renewal, also play a role in regulating cancer
stem cell maintenance [85, 86]. Additionally, several tran-
scription factors, such as NANOG, HOXB7, MITF,
FOXM1, and c-JUN, have been identified as key regulators.
Furthermore, certain transcriptional regulators, including
Myc, β-Catenin, NFκB, STAT, RUNX, and NOTCH/CSL,
have emerged as potential therapeutic targets for cancer
stem cells [87].

Ovarian Cancer Stem Cells and Microenvironment

Tumor heterogeneity is frequently associated with cancer
stem cells, and the plasticity of tumor cells can shape cancer
stem cell-related heterogeneity in response to the tumor
microenvironment. The insufficient comprehension of the
molecular behavior of these cancer stem cells and the
consequent inadequate targeting of these cells within tumor
tissue may significantly contribute to the low overall
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survival rates observed in ovarian cancer patients, as well as
the development of drug resistance and recurrence in this
population.Currently, there is a prevailing belief that the
various alterations occurring within the cancer stem cell
microenvironment (TME) are primarily accountable for the
emergence of cancer stem cells and their involvement in
tumorigenesis. The TME, which comprises non-cancer stem
cell tumor cells (CCs) [88] and neighboring stroma, is
actively modulated by these CCs to facilitate the preserva-
tion and propagation of the cancer stem cell niche [89]. The
reciprocal transformation between cancer stem cells (CSCs)
and tumor cells (CCs) is a dynamic process, whereby CSCs
have the ability to induce CCs to undergo dedifferentiation
and acquire tumor initiation properties [90]. Consequently,
the intricate interplay between CSCs and CCs within the
CSC niche in the tumor microenvironment (TME) has sti-
mulated research into the similarities in gene expression
patterns between these cell states and their impact on the
shared regulatory circuitry. Furthermore, research endea-
vors have endeavored to discern the principal regulators
within the co-regulatory network linking CSCs and CCs.
These alterations facilitate the advancement of tumors
towards a more malignant phenotype and confer resistance
to chemotherapy. Identification of these pivotal regulators
may facilitate the development of therapeutic interventions
aimed at targeting CSCs, which could potentially be utilized
in the management of ovarian cancer.

Targeted Therapy of Ovarian Cancer Stem
Cells(refer to Fig. 2)

Targeting Ovarian Cancer Stem Cell-related
Signaling Pathways

The activation of the AKT-GSK3β-β-catenin signaling axis
by TRIB2 has been found to stimulate cancer stem cell-like
properties [91]. Recent research indicates that TRIB2 may
hold potential as a target for the treatment of ovarian cancer.
In vitro investigations have demonstrated that targeting
tumor stem cell-related factors can enhance the sensitivity
of cancer stem cell-enriched tumor spheres to platinum
drugs, thereby presenting a novel therapeutic approach for
patients with platinum-resistant ovarian cancer [92].

The regulation of ovarian cancer stem cells is sig-
nificantly influenced by the NANOG-miR-424/503-WEE1
signal axis, which has been demonstrated to be modulated
by atorvastatin in certain studies. The combination of
WEE1 inhibitor and conventional DNA damage drug che-
motherapy holds promise for preventing the recurrence of
ovarian cancer, as suggested by research findings [93].

The enrichment of cancer stem cells in ovarian cancer
stem cells, which is dependent on cisplatin, is primarily

attributed to the activation of multiple stemness-related
pathways, notably the Notch signaling pathway [94].
Notably, genetic modifications in Notch pathway genes
have been identified in approximately 22% of all ovarian
tumors [95]. Recent investigations have demonstrated the
critical involvement of the Notch pathway in cancer stem
cell self-renewal, chemotherapy resistance, proliferation and
maintenance, and evasion of cytotoxic drugs.Consequently,
the inhibition of the Notch pathway to target cancer stem
cells holds significant therapeutic potential. Recent research
has identified ZIP4 as a novel cancer stem cell marker and a
promising therapeutic target for high-grade serous ovarian
cancer. Furthermore, investigations have demonstrated the
involvement of a novel ZIP4-Notch3 axis in the regulation
of tumor stem cell activity, encompassing the formation of
sphere cells and colonies in vitro, as well as the develop-
ment of tumor tissues and ascites in vivo [96]. This axis
presents a viable approach for the targeting of ovarian
cancer stem cells through the modulation of ZIP4. The
activation of the stem-like transformation of ovarian tumor
cells through the Notch1/c-Myc pathway by SNORA72 has
been demonstrated in previous research [97]. This finding
suggests that SNORA72 may be a viable therapeutic target
for the eradication of cancer stem cells. Further studies have
shown that a sequential combination therapy of cisplatin
and eugenol may effectively eliminate drug-resistant cancer
stem cells by targeting the Notch-Hes1 pathway [98].
Therefore, the Notch signaling pathway holds promise as a
therapeutic target for ovarian cancer patients.

S100B, a calcium-binding protein with an efr-hand
motif, exhibits aberrant expression in various cancer types,
such as melanoma, colon cancer, and ovarian cancer [99].
Notably, S100B is highly expressed in ovarian cancer stem
cells, thereby facilitating self-renewal and tumorigenicity of
these cells. The stemness properties of ovarian cancer stem
cells are regulated by S100B through its modulation of p53
[100]. Furthermore, S100B can deactivate p53, elevate the
expression of MDR1 and MRP1, and confer resistance to
cisplatin in ovarian cancer stem cells [101]. Several small-
molecule inhibitors that target the S100B-p53 interaction
have been studied for their potential in cancer therapy [102].
In the future, these inhibitors may be utilized in conjunction
with chemotherapy to treat ovarian cancer.

The SNAI1/let-7 axis has been identified as the principal
mechanism of epithelial-mesenchymal transition (EMT)
that facilitates stemness. Furthermore, empirical evidence
has demonstrated that SNAI1 can serve as a viable ther-
apeutic target for directing cancer stem cells [103].

In vitro experiments conducted by Ping Chen and col-
leagues have shown that the extracts of two medicinal
plants, namely Pao and Rau, exhibit significant inhibition of
ovarian cancer stem cells. The joint inhibition of ovarian
cancer stem cells by Pao and Rau may be attributed to their
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ability to inhibit the Wnt/β-catenin pathway. However, the
veracity of this mechanism requires further validation
through appropriate animal models [104].

The activation of the Notch3 pathway by NR2F6 has
been demonstrated to induce cisplatin resistance and pro-
mote the stem-like phenotype in ovarian cancer cells. As a
result, NR2F6 may represent a promising therapeutic target
for the treatment of ovarian cancer, as suggested by pre-
vious research [105].

Eukaryotic initiation factor 5A2 (EIF5A2) is a putative
oncogene situated on human chromosome 3q26, a genomic
region that is frequently amplified in diverse tumors [106].
A growing body of evidence indicates that EIF5A2 exerts a
crucial function in promoting anchorage-independent
growth, xenograft tumor growth, augmenting cancer cell

metastasis, and enhancing treatment resistance via various
pathways [107]. The E2F1/KLF4 pathway is implicated in
the positive regulation of ovarian cancer stem cell stemness
by EIF5A2, suggesting a promising avenue for targeted
therapy of this disease [108].

In pursuit of the objective of eliminating cancer stem
cells, natural products have garnered considerable interest
due to their enduring impact and comparatively minimal
adverse effects [81]. Research has demonstrated that bai-
calin impedes the stemness of ovarian tumor cells by
repressing RASSF6 at the transcriptional level, thereby
diminishing YAP activity. This discovery highlights bai-
calin’s potential as a novel YAP inhibitor and a promising
anti-tumor medication for eradicating ovarian cancer stem
cells [109].

Fig. 2 In this review, we summarize six therapeutic approaches for
cancer stem cells, including targeting the signaling pathways of cancer
stem cells, targeting the surface molecular markers of cancer stem
cells, using miRNA to regulate drug resistance genes of cancer stem

cells, using lncRNA to regulate drug resistance genes of cancer stem
cells, and epigenetically changing the characteristics of cancer stem
cells to induce cell differentiation. This is outlined in detail below
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Recent findings indicate that brucine D exhibits a
synergistic effect in paclitaxel-based chemotherapy for
epithelial ovarian cancer, whereby its tumor suppressive
properties are attributed to heightened apoptosis and clear-
ance of cancer stem cells. Mechanistic investigations have
further elucidated the involvement of JNK and
STAT3 signaling pathways in the synergistic effect of
brucine D in taxol-based chemotherapy for ovarian cancer
[110].

N-butylphthalide (BP) is a naturally occurring compound
that is derived from A. sinensis. The findings of the study
indicate that BP effectively suppressed the proliferation of
ovarian cancer stem cells in both in vitro and in vivo set-
tings. Additionally, BP exhibited inhibitory effects on the
migration and invasion of ovarian cancer stem cells. The
mechanism of action of BP involves the activation of the
apoptosis signaling pathway, which leads to the induction
of apoptosis in ovarian cancer stem cells. Furthermore, BP
was found to enhance the cytotoxicity of chemotherapy
drugs such as cisplatin and paclitaxel against ovarian cancer
stem cells [63].

Research has demonstrated that ovarian cancer stem cells
exhibit a significant expression of ERβ1, and the utilization
of ERβ agonizts may induce apoptosis in these cells while
simultaneously decreasing their stemness through the up-
regulation of FDXR and CDKN1A. It has been postulated
that the ERβ agonist LY500307 may hold potential as a
therapeutic agent for the management of ovarian cancer
[111].

The activation of p70S6 kinase (p70S6K), which is an
effector of the phosphatidylinositol 3 kinase /Akt pathway,
has garnered considerable interest due to its frequent
occurrence in ovarian cancer [112]. A rational approach
involving the design of small interfering RNA (siRNA)
targeting p70S6K in cancer stem cells, coupled with the
delivery of siRNA through dendrimer nanotechnology, led
to a noteworthy decrease in cancer stem cell proliferation,
while exhibiting minimal cytotoxicity towards normal
ovarian surface epithelial cells. The findings indicate that
p70S6K holds potential as a therapeutic target for ovarian
cancer. Moreover, when coupled with the administration of
siRNA via nanotechnology, it presents a novel strategy for
molecularly targeted cancer treatment in the context of
metastatic ovarian cancer [113].

Research has indicated that the overexpression of XIST
can augment the responsiveness of ovarian cancer stem cells
to paclitaxel, with its impact potentially linked to the
upregulation of KMT2C. The miR-93-5p/XIST/KMT2C
signaling axis has been identified as a promising therapeutic
target and may hold significant implications for the man-
agement of ovarian cancer, as per a study [114].

In an ovarian cancer mouse model, the utilization of a
small molecule inhibitor of Fn14 to obstruct the TWEAK-

Fn14-RelB signaling cascade resulted in an extension of
patient survival following carboplatin chemotherapy. These
findings provide insight into a signaling axis that may be
employed in the treatment of ovarian cancer progression
[115].

Calcitriol, a steroid hormone and active metabolite of
vitamin D, has been shown to effectively eliminate ovarian
cancer stem cells that exhibit ALDH positive, CD44 posi-
tive, and CD117 positive characteristics. This is achieved
through the inhibition of the Wnt signaling pathway, which
ultimately impedes the growth of xenograft tumors [116].
Simultaneously, the inhibition of ovarian cancer stem cell
traits is facilitated by 1, 25 (OH)2D3 through the upregu-
lation of VDR expression, the promotion of β-catenin
expression in the cytoplasm, and the downregulation of
CD44 expression. These discoveries offer novel perspec-
tives on the contribution of vitamin D in diminishing the
stemness of cancer stem cells [117].

The co-administration of paclitaxel and molotinib has
been observed to effectively decrease tumor burden by
suppressing paclitaxel-induced JAK2/STAT3 activation and
the growth of tumor stem cells. These preliminary results
hold significant potential for the advancement of a “main-
tenance therapy” following chemotherapy, utilizing the
effectiveness of molotinib treatment for patients with
ovarian cancer [118].

The GLI family of transcription factors, comprising
GLI1, GLI2, and GLI3, are integral components of the
Hedgehog (Hh) signaling pathway. GLI1 functions as a
potent activator of target genes, and Hh signaling is
essential for embryonic development [119]. Studies have
demonstrated that inhibition of GLI1 transcription factor
activity can effectively reverse cancer stem cell-like char-
acteristics that exacerbate chemotherapy resistance and
impede ovarian tumor cell migration. Targeting GLI1 may
therefore represent a promising therapeutic strategy for
enhancing the clinical outcomes of ovarian cancer patients
with chemotherapy resistance and tumor metastasis [120].

Ovarian cancer cells have been found to express various
estrogen receptor subtypes, such as ERα and ERβ [121].
Recent studies have shown that ERβ exhibits anti-tumor
properties [122]. Phytoestrogens, namely genistein and
daidzein, present in soybean have a strong affinity for ERβ.
Additionally, Erβ-041, a highly effective selective ERβ
agonist, has been identified.The compounds Genistein,
daidzein, and ERβ-041 have been observed to decrease the
migration, invasion, proliferation, and sphere formation of
ovarian cancer cells, as well as induce cell cycle arrest and
apoptosis. These effects are achieved through the modula-
tion of the FAK, PI3K/AKT/GSK signaling pathway, and
p21/cyclin D1 expression. These findings suggest that these
compounds possess the ability to inhibit the stem-like
properties of ovarian tumors and may serve as a viable
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therapeutic option for individuals afflicted with ovarian
cancer [123].

The inhibition of self-renewal, invasion, and migration of
ovarian cancer stem cells by SB525334 through the
blockade of the TGF-β/Smad/EMT pathway presents a
promising avenue for clinical diagnosis and therapeutic
intervention in the context of ovarian cancer stem cell-
mediated tumor metastasis and recurrence, as suggested by
recent research [124].

The combination of a Yangplum diet and proanthocya-
nidin leaves has been found to effectively reduce the stem
cell characteristics of ovarian cancer chemotherapy resis-
tance. This is achieved through the induction of G1 phase
cell cycle arrest, which targets the Wnt/β-catenin signaling
pathway, as evidenced by research conducted by [125].

The up-regulation of PHBY259 phosphorylation in the
lipid raft domain through c-Kit binding to PHB has been
shown to activate the Notch3-PBX1 and β-catenin-
ABCG2 signaling pathways, ultimately leading to an
increase in ovarian cancer stemness. Consequently, target-
ing c-Kit and PHBY259 through intervention strategies
presents an opportunity to screen and develop novel ther-
apeutic drugs for the treatment of advanced ovarian cancer
and related ailments [126].

The activation of the Fos/Jun pathway by LCC promotes
the terminal differentiation of ovarian cancer cells and
heightens their susceptibility to paclitaxel. This mechanism
presents a promising avenue for targeting cancer stem cells
and augmenting the efficacy of chemotherapy in treating
ovarian cancer. Consequently, the combination of LCC and
chemotherapy drugs holds significant potential as a ther-
apeutic approach for ovarian cancer, warranting further
investigation and development [127].

Research has indicated that PFKFB3 has the potential to
regulate the inhibitor of apoptosis protein and NF-kB sig-
naling pathways, thereby facilitating the stemness of ovar-
ian tumors. This finding suggests that PFKFB3 could serve
as a viable therapeutic target for individuals afflicted with
ovarian cancer [128].

Research has demonstrated that the down-regulation of
MYPT1 (PPP1R12A), which encodes myosin phosphatase
target subunit 1, in ovarian tumors is linked to reduced
patient survival, heightened tumorigenesis, and resistance to
platinum-based chemotherapy drugs. Additionally, the
overexpression of miR-30b targeting MYPT1 led to the
augmentation of stem cell properties in ovarian tumors,
which was found to be associated with Hippo pathway
activation. The inhibition of the Hippo pathway transcrip-
tional coactivator YAP has been found to impede platinum
resistance that is induced by low expression of MYPT1 or
overexpression of miR-30b. This discovery establishes a
connection between chemotherapy resistance in ovarian
tumors and the activation of Hippo pathway target genes

following the downregulation of MYPT1, which enhances
tumor stemness. The combined use of cisplatin and YAP
inhibitors has been shown to effectively inhibit MYPT1-
induced chemotherapy resistance, indicating the potential
efficacy of this therapy for patients with low MYPT1
expression who may be resistant to platinum-based therapy
[129].

The induction of the CSF2/p-STAT3 signaling pathway
by myeloid-derived suppressor cells (MDSCs) has been
found to enhance the stemness of ovarian tumor cells. As
such, targeting MDSCs or CSF2 may prove to be a viable
strategy for improving the efficacy of conventional treat-
ment, as suggested by previous research [130].

The up-regulation of circ_0000745 by IGF2BP2 has
been found to promote the invasion and stemness of ovarian
tumor cells through the miR-3187-3p/ERBB4/PI3K/AKT
axis. This discovery suggests that circ_0000745 may serve
as a promising therapeutic target for the treatment of
ovarian cancer [131].

Recent research has identified a novel mechanism
through which HIF-2a governs the resistance of ovarian
cancer stem cells to chemotherapy by directly stimulating
BCRP. Furthermore, investigations have demonstrated that
HIF-2a represents a crucial target for reversing the che-
motherapy resistance mediated by ovarian cancer stem
cells, and the combination of HIF-2a inhibitors with con-
ventional chemotherapy is anticipated to enhance the
therapeutic efficacy for patients with ovarian cancer [132]
(refer to Table 1).

Targeting Molecular Markers of Ovarian Cancer
Stem Cells

ALDH activity has been established as a functional marker
of cancer stem cells in ovarian cancer, with high expression
of ALDH1A1 observed in ovarian cancer stem cells [133].
Patients with elevated levels of ALDH1A1 in tumors have
been found to exhibit poor survival [134, 135]. Conse-
quently, targeting ALDH1A1 has been identified as a
potentially effective strategy to impede tumor stemness and
recurrence. In this regard, CM37 has been shown to inhibit
ALDH1A1, leading to a rise in intracellular ROS accumu-
lation, which, in turn, resulted in increased DNA damage
and decreased viability of ovarian tumor cells. The efficacy
of a novel small molecule inhibitor targeting ALDH1 A1
has been demonstrated in ovarian cancer models that exhibit
a high concentration of cancer stem cells. The refinement of
this class of small molecules presents a promising avenue
for the development of a targeted therapeutic approach to
address the challenge of refractory ovarian cancer [136].

The transcriptional repressor, DNA damage binding
protein 2 (DDB2), has been found to impede the conversion
of non-cancer Stem Cells Internationalo cancer stem cells
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by suppressing the transcription of Aldh1A1. Additionally,
DDB2 has the ability to eliminate the traits of ovarian
cancer stem cells by down-regulating the expression of
ALDH1A1 [137]. A novel ALDH1A1 inhibitor, 974, has
been discovered and has demonstrated efficacy in reducing
the quantity of ovarian cancer stem cells by targeting
ALDH1A1.The combination of small molecule inhibitors
that target ALDH1A1 with chemotherapy presents a pro-
mising strategy for preventing the recurrence of ovarian
cancer, with potential for clinical translation [138]. Various
inhibitors have been developed to selectively target cancer
stem cells by inhibiting ALDH1A1 or by utilizing a pan-
ALDH1A inhibition approach. The latter approach offers
the advantage of simultaneously targeting multiple ALDH
isoforms. The compound 673 A, which inhibits pan-
ALDH1A, induces apoptosis via programmed necrosis in
ovarian cancer stem cells, leading to a reduction in tumor-
igenesis and a significant synergistic effect with che-
motherapy agents. Additionally, Thea-saponin E has been
shown to inhibit the proliferation and sphere formation of
ALDH+ stem cells.

Disulfiram (DSF) is a well-known drug utilized for the
treatment of alcoholism, which has demonstrated con-
siderable potential for anticancer activity. Its mechanism of
action involves the inhibition of enzymatic activity of
ALDH isoforms and ROS generation, which can be further
enhanced by Cu2+ regulation. DSF can be employed as a
novel adjuvant chemotherapy drug in combination with
cisplatin for the treatment of ovarian cancer. It can effec-
tively inhibit ALDH activity and augment the sensitivity of
cisplatin-resistant ALDH-positive cancer stem cells to cis-
platin, as evidenced by previous research [139]. Subsequent
investigations have revealed that ALDH contributes to
oxidative stress, metabolism, and energy turnover in
ALDH-associated cisplatin-resistant ovarian cancer stem
cells. To summarize, this study has established the crucial
involvement of ALDH-associated cisplatin-resistant cancer
stem cells and has identified a rational DSF regimen as a
promising therapeutic adjunct through quantitative in vitro
assessment. This finding will aid in addressing ALDH-
related cisplatin resistance and furnish a pragmatic foun-
dation for the formulation of novel chemotherapy protocols
[140].

In various solid tumors, the properties of cancer stem
cells and resistance to chemotherapy have been observed to
be inhibited by retinoic acid. The combination of cisplatin
and retinoic acid has been shown to increase the sensitivity
of platinum-based chemotherapeutic agents in ovarian
cancer stem cells. The suppression of Nrf2 has been found
to significantly reduce the tumor stem cell-like properties of
ALDH-H cells, including high tumor stem cell markers,
chemotherapy resistance, colony or sphere formation, and
tumor growth [141]. In addition, it was observed that the

expression of ALDH1 and activation of NRF2 were sup-
pressed by all-trans retinoic acid (ATRA), leading to a
decrease in the cancer stem cell-like characteristics of
ALDH-H cells, while no such effect was observed in
ALDH-L cells. These findings elucidate the underlying
molecular mechanisms of Aldh1a1-mediated cancer stem
cell-like properties and indicate the potential therapeutic
application of ATRA in ovarian cancer stem cells with
elevated Aldh1a1 expression [142].

Trimebutine maleate (TM) exhibits enhanced selectivity
towards ovarian cancer stem cells through the inhibition of
stemness-related transcription factors, namely OCT3/4 and
SOX2, as well as the blockade of calcium and BKCa
channels. In the case of advanced ovarian cancer patients
with amplification of KCNMA1 gene and calcium channel
subunit genes (CACNA1D, CACNA1F, and CACNA1H),
BKCa and calcium channels may serve as viable drug tar-
gets for the management of recurrent and resistant ovarian
cancer.Further experimentation and clinical verification are
necessary to determine whether these genes serve as com-
mon tumor stem cell markers or represent specific subsets,
and whether the combination of TM and conventional
chemotherapy can enhance the survival rate of patients
exhibiting high expression of these genes [143].

Several studies have demonstrated that the concomitant
administration of bozotinib and nimaidipine can exert a
synergistic effect in impeding the formation and viability of
ovarian cancer stem cell spheres. Furthermore, the com-
bined treatment of these pharmaceutical agents has been
observed to significantly diminish the expression of cancer
stem cell markers CD133, KLF4, and NANOG, as well as
stemness-related signaling molecules such as phosphory-
lated stat5, phosphorylated akt, phosphorylated erk, and
Wnt/β-catenin. Additionally, the dual drug regimen has
been shown to induce apoptosis of ovarian cancer stem cells
to a significant degree [144].

According to research findings, KLF12 has the potential
to serve as a therapeutic target for the management of
cisplatin-resistant ovarian cancer. This is achieved through
the regulation of ISG15 expression, which effectively
inhibits the cancer stem cell phenotype [145].

Research has demonstrated that the up-regulation of
PIK3R3 in ovarian cancer stem cells can be mitigated by
inhibiting PIK3R3, resulting in a reduction in the size of
ovarian cancer stem cell spheroids. Furthermore, ROC
curve analysis of drug response has suggested that PIK3R3
may serve as a promising predictive biomarker for Avas-
tin®-mediated ovarian tumor therapy [146].

The efficacy of 4-MU in suppressing the expression of
cancer stem cell markers, specifically ALDH1A1 and
ABCG2, has been demonstrated. This has led to the pro-
position that 4-MU holds potential as a therapeutic
approach to impede the activation of cancer stem cells and
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enhance the survival rates of patients. Additionally, 4-MU
has been observed to hinder the proliferation and invasion
of drug-resistant ovarian cancer cells by inducing apoptosis
and inhibiting the activation of cancer stem cells [147].

The presence of the carbohydrate component Sialic acid
Thomson neoantigen (STn) has been identified on protein
biomarkers of pancreatic, colonic, and gastric cancer stem
cells. Research has revealed that human ovarian cancer cell
lines exhibit varying levels of STn and the ovarian cancer
stem cell marker CD133. STn-positive cells have been
found to possess cancer stem cell properties, indicating that
targeted therapies against STn may prove to be a viable
clinical approach for eliminating STn-positive cancer stem
cells and STn-positive non-cancer stem cell populations in
ovarian tumors [148] (refer to Table 2).

To Use miRNA to Regulate Drug Resistance Genes in
Ovarian Cancer Stem Cells

Research has demonstrated that miR-600 facilitates the
stemness, proliferation, and metastasis of ovarian cancer
cells by directly suppressing KLF9. Consequently, reducing
the expression of miR-600 may represent a novel ther-
apeutic approach for ovarian cancer in the future [149].

Research has demonstrated that let-7i possesses the
ability to impede the migration and invasion of tumor cells,
as well as stimulate apoptosis by suppressing the stemness
of tumor cells. In instances where BRCA mutations are
absent, the overexpression of let-7i has been observed to
heighten the sensitivity of tumor cells to the PARP inhibitor
olaparib. These findings have established a sound basis for
the utilization of let-7i as a therapeutic agent in the man-
agement of ovarian cancer patients [150].

The expression of miR-139-5p/SDC4 through WDFY3-
AS2 has the potential to alter the cisplatin resistance of
ovarian cancer cells both in vitro and in vivo, thereby

offering a promising therapeutic avenue for addressing drug
resistance in ovarian cancer [151].

The findings of a study indicate that the estrogen-mediated
E2F6 ceRNA network, epigenetics, and competitive inhibi-
tion of microRNA-193a activity contribute to the promotion
of stemness and tumorigenesis in ovarian cancer. Conse-
quently, inhibiting estrogen production in vivo may have
therapeutic implications for ovarian cancer [152].

LncRNA Regulates Drug Resistance Genes of Ovarian
Cancer Stem Cells

Taurine upregulated gene 1 (TUG1) is a lengthy non-coding
RNA situated on chromosome 22q12.2 [153]. The long
non-coding RNA TUG1 has the potential to enhance the
proliferation, invasion, and stemness of ovarian tumor cells.
Research has demonstrated that TUG1 exerts a tumorigenic
effect in ovarian cancer by modulating the stemness of
ovarian tumor cells.The direct targeting of miR-186-5p by
TUG1 leads to the up-regulation of ZEB1, ultimately pro-
moting the proliferation, invasion, and stemness of ovarian
tumor cells. As such, TUG1 presents itself as a potential
therapeutic target for the treatment of ovarian cancer. These
findings offer a novel perspective on the pathogenesis of
ovarian cancer and provide a foundation for improved
diagnosis and treatment strategies [154].

Epigenetic Changes in Stemness of Ovarian
Tumor Cells

The negative regulatory function of STON2 in ovarian tumor
cells has been observed through DNMT1/MUC1-mediated
epigenetic mechanisms. As such, STON2 is implicated in the
biological processes of ovarian cancer stem cells and presents
a promising target for novel therapeutic interventions aimed at
eradicating ovarian cancer [155].

Table 2 Tumor stem cell markers and associated targeted therapies

Molecular marker Targeted drug Result Reference

ALDH1 A1 ALDH1 A1 small molecule
inhibitor:974/ATRA

Increased intracellular ROS accumulation, resulting in increased
DNA damage and decreased ovarian tumor cell viability

[133–142]

ALDH Tea saponin E/DSF Tumor stem cells showed increased sensitivity to cisplatin [139, 140]

ALDH1 A 673 A Lead to cell apoptosis, reduce tumor cell genesis [134, 135]

BKCa and calcium
channels

Trimebutin maleate (TM) It selectively acts on ovarian tumor stem cells [143]

CD133/KLF4/NANOG Pozotinib in combination with
Nimazdipine

It inhibited the formation and vitality of ovarian tumor stem cell balls
and induced ovarian tumor stem cell apoptosis

[144]

ISG15 Targeted KLF12 therapy Inhibition of tumor stem cell phenotype [145]

PIK3R3 PIK3R3 inhibitor Reduce the volume and size of ovarian tumor stem cell sphere [146]

ALDH1A1/ABCG2 ALDH1A1和ABCG2 Inhibit the activation of tumor stem cells [147]

STn Targeted STn therapy Eliminate STn positive tumor stem cells and STn positive non-tumor
stem cell populations

[148]
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Induction of Differentiation to Treat Ovarian Cancer
Stem Cells

Inducing differentiation is a crucial approach for effectively
eradicating cancer stem cells and mitigating drug resistance
[87]. This can be achieved through various mechanisms,
including morphogenesis-driven signaling cascades and
epigenetic differentiation therapies [156]. Commonly used
differentiation inducers, such as all-trans retinoic acid
(ATRA), a metabolic intermediate of vitamin A, have been
shown to induce differentiation of breast cancer stem cells,
reduce cell invasion and migration, and enhance sensitivity
to tumor therapy in clinical settings [157].Research has
indicated that photoflavin, a derivative of riboflavin, has the
ability to decrease drug resistance in cancer stem cells
within the OVCAR-3 cell lines (CSCs/DDP) of ddresistance
ovarian cancer. Additionally, it has been found to augment
the efficacy of cisplatin (DDP) chemotherapy on cancer
stem cells by inducing differentiation of the tumor stem cell
phenotype [158].

Other Methods Treat Ovarian Cancer Stem Cells

Epidemiological and scientific studies have provided evi-
dence indicating the significant involvement of hormones in
the development and occurrence of ovarian tumors. Several
studies have demonstrated the participation of the androgen
receptor AR in the progression of multiple malignant tumors,
such as prostate cancer, bladder cancer, liver cancer, kidney
cancer, and lung cancer [159, 160]. In recent times, the
association between polycystic ovary syndrome, obesity, and
a heightened risk of ovarian cancer has been established,
leading to the AR signaling axis becoming a research focal
point [161]. The mounting evidence suggests that AR is
commonly expressed in diverse subtypes of ovarian cancer,
particularly epithelial ovarian cancer, and its elevated
expression is linked to unfavorable prognosis of ovarian
cancer [162, 163]. Furthermore, androgens have the potential
to stimulate the stemness traits of ovarian cancer cells
through the activation of the Nanog promoter. This discovery
necessitates further investigation, as it could offer novel
insights into the hormonal regulatory pathways of ovarian
cancer stem cells, thereby prompting a reevaluation of the
therapeutic approaches for ovarian cancer stem cells [164].

Salinomycin is a monocarboxylic polyether ionophore
isolated from Streptomyces albus. As a inonophore with
strict selectivety for alkali ions and a strong preference for
potassium, salinomycin interferes with transmembrane
potassium potential and promotes the efflux of K+ ions
from mitochondria and cytoplasm [165]. It exerts a range of
effects on cancer stem cells, such as apoptosis induction,
autophagy, oxidative stress, and inhibition of tumor cell
proliferation, angiogenesis, and stemness [166–168].

Nevertheless, its clinical application as an anticancer agent
is restricted due to its low water solubility and high toxicity
to healthy tissues at elevated doses. We proposed a ther-
apeutic strategy aimed at reducing the adverse reactions of
salinomycin and improving its clinical benefits by con-
structing tumor targeting vectors that mimic high-density
lipoprotein (HDL) and synthesizing salinomycin-loaded
high-density lipoprotein (S-HDL) [169].

The Plasma Activation Medium (PAM) exhibits selec-
tive targeting of a diverse range of malignant tumor cells,
thereby demonstrating its potential as an anticancer drug
[70, 71]. Research has shown that PAM effectively dimin-
ishes the properties of ovarian cancer stem cells and exhibits
a synergistic antitumor effect when combined with cisplatin
[170].

Cantrixil is a newly developed third-generation benzo-
pyrun molecule. Initial examination of stem cell markers
has demonstrated that IP Cantrixil has the potential to
trigger apoptosis of ovarian cancer stem cells and enhance
the sensitivity of cells to conventional chemotherapy treat-
ments. This finding is significant and warrants further
investigation for potential early clinical implementation,
with the aim of providing greater benefits to individuals
afflicted with ovarian cancer [171].

For a considerable period, molecular hydrogen has been
regarded as an inactive gas. However, Ohsawa et al. have
documented that hydrogen exhibits antioxidant properties
and restrains brain damage resulting from ischemia-reper-
fusion, thereby signifying its therapeutic potential [172].
Numerous researchers have similarly documented the ther-
apeutic potential of hydrogen molecules in various ailments,
such as ischemia-reperfusion injury (I/R), metabolic syn-
drome, neurodegeneration, mitochondrial diseases, and
inflammation. Despite the commonly held belief that the
antioxidant properties of hydrogen molecules are respon-
sible for their beneficial effects, the precise molecular
mechanisms underlying these effects remain elusive [173].
The study indicates that hydrogen molecules possess the
ability to impede the growth of cancer stem cells and
associated angiogenesis, thereby proposing their potential
utility in the management of ovarian cancer [174].

Chromatin target protein arginine methyltransferase
(CHTOP) is a crucial intracellular protein that exhibits high
expression levels in ovarian cancer. Its close association
with the malignant phenotype of epithelial ovarian cancer
cells, including metastasis, chemotherapy resistance, and
stemness, indicates its potential as a targeted therapy for
ovarian cancer. Inhibition of stemness-related signaling
pathways has been shown to decrease the stemness of epi-
thelial ovarian cancer cells [175].

COX-2, a prostaglandin synthase responsible for the
conversion of arachidonic acid to PGH2, has been found to
be significantly overexpressed in ovarian cancer patients,
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potentially contributing to the progression of the disease
[176]. Additionally, 5-LOX, also known as 5-lipoxygenase,
has been linked to the promotion of hypoxic response and
inflammation in ovarian epithelial cells [177]. The com-
pound licofelone, a dual COX/LOX inhibitor, has been
shown to reverse the stemness of ovarian multicellular
tumor spheres (MCTS) and increase their sensitivity to the
first-line chemotherapy drug paclitaxel [178].

The results indicate that the utilization of clinically fea-
sible NAMPT inhibitors, such as FK866, in conjunction
with platinum-based chemotherapy, to target NAMPT, is a
potentially effective therapeutic approach in the suppression
of treatment-induced aging-related cancer stem cells [179].

The anti-malarial drug, Atovaquone, which has received
approval from the FDA, has been demonstrated to impede
the proliferation of ovarian cancer stem cells by inhibiting
mitochondrial electron transport, as evidenced by research
findings [180].

A set of GA(glycyrrhetinic acid) derivatives, which
incorporate a CA moiety with either piperazine or ethy-
lenediamine (EDA) as a linker, were synthesized and
designed. These semisynthetic derivatives were subjected
to in vitro testing to determine their inhibitory activity
against ovarian tumor cell growth. Compound 7c exhib-
ited the highest inhibitory activity and selectivity among
the tested derivatives.The study demonstrated that com-
pound 7c effectively decreased the colony formation and
sphere formation capacity of SKOV3 and OVCAR3 cells,
while also significantly reducing the proportion of
CD44+ , CD133+ , and ALDH+ subsets in both cell
lines. These findings suggest that compound 7c possesses
strong potential in eradicating ovarian cancer stem cells
[181].

Numerous studies have indicated that the persistence of
ALDH+ cells subsequent to chemotherapy is the primary
cause of ovarian cancer recurrence [182]. It has been estab-
lished that cisplatin administration to ovarian cancer cells
leads to an elevation in mitochondrial membrane potential.
Both in vitro and in vivo investigations have demonstrated
that the co-administration of OXPHOS inhibitors and plati-
num effectively impedes platinum-induced enrichment of
ALDH+ cells. The aforementioned discovery underscores the
necessity for additional preclinical and clinical investigations
focused on the utilization of OXPHOS inhibitors to prolong
the reappearance of ovarian cancer and enhance the longevity
of individuals afflicted with ovarian cancer [183].

Recent research has indicated that EZH2 plays a crucial
role in the promotion of T cell differentiation [184]. Con-
sequently, it is imperative to carefully evaluate the appro-
priate dosage of EZH2 inhibitors in the treatment of ovarian
cancer so as not to compromise T cell functionality.

Several studies have indicated that piperine exhibits
potential as an anticancer agent, as it can mitigate the

stemness of ovarian tumor cells, thereby enhancing the
efficacy of chemotherapy in cancer patients [185].

The preclinical efficacy of Saracatinib (AZD0530), a
potent Src family kinase inhibitor, in high-grade serous
ovarian cancer has been established [186]. Additionally,
Selumetinib (AZD6244), a noncompetitive MEK1/2 inhi-
bitor, has demonstrated clinical activity in low-grade ovar-
ian cancer by inhibiting serous and clear cell ovarian cancer
xenografts [187]. Furthermore, the combined treatment of
Saracatinib and Selumetinib has been shown to target
ovarian cancer stem cells, resulting in reduced ovarian
cancer proliferation and induction of cell death [188].

The elimination of cancer stem cells in ovarian cancer
can be achieved through the application of combination
therapy involving thioredihydroquinazolines and cisplatin.
The potential for more effective treatment of cisplatin-
resistant metastatic ovarian cancer can be realized through
the continued development of thioxdihydroquinazolinone
small molecules, as suggested by previous research [189].

Research has demonstrated that the overexpression of
Survivin is a significant contributor to the chemoresistance
of ovarian cancer stem cells. CPE-1347, a mixed lineage
kinase inhibitor that has been deemed safe for human use,
selectively targets the expression of Survivin in ovarian
cancer stem cells. By acting as a sensitizer to conventional
chemotherapy for ovarian cancer, CEP-1347 presents a
viable and practical approach to improving the treatment of
this disease [190].

AS602801 has been identified as a potential anti-cancer
stem cell agent that can enhance the responsiveness of
ovarian cancer stem cells to paclitaxel and carboplatin
therapy by downregulating the expression of the anti-
apoptotic protein survivin. Research findings indicate that
AS602801 may augment the sensitivity of ovarian cancer
stem cells to paclitaxel by suppressing the expression of
MDR1 [36].

Solanum solanum extract containing the active ingre-
dient (SR-T100) can induce cell apoptosis by up-regulating
the expression of tumor necrosis factor receptor and acti-
vating the mitochondrial apoptosis pathway, and has a
therapeutic effect on actinic keratosis. There are studies
evaluating new molecular mechanisms of SR-T100-
regulated stemness and chemoresistance. The concentra-
tion of SR-T100 inhibiting 50% cell viability (IC50) in
ovarian cancer cells was lower than that in non-malignant
cells. The IC50 of SR-T100 in resistant cells was similar to
that in sensitive cells. In addition, SR-T100 increased the
sensitivity of drug-resistant cells to cisplatin and paclitaxel.
SR-T100 can down-regulate the expression of stem cell
markers aldehyde dehydrogenase 1 (ALDH1), Notch1 and
FoxM1 in ovarian cancer cells, and reduce the formation of
ovarian cancer cell spheres. Using microarray analysis,
immunoblotting, luciferase activity and chromatin
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immunoprecipitation (ChIP) analysis, we found that SR-
T100 inhibited the expression and promoter activity of c/
EBPβ and COL11A1 in the resistant cells but not in the
sensitive cells. The SR - T100, paclitaxel and cisplatin can
restrain the growth of the A2780CP70 cells in nude mice
transplanted tumor, and cisplatin and SR - T100 combined
inhibition of the superior to the application. The SR - T100
may be potential adjuvant treatment of ovarian cancer
chemotherapy drug [191].

Aldehyde dehydrogenase 1 (ALDH1) is a marker of
cancer stem cell-like cells (CSC) in human cancers. How-
ever, the specific ALDH1 regulatory function and the
underlying signaling pathways have not been fully eluci-
dated. Studies ALDH1 adjust function and its potential
signal transduction, and tested all trans retinoic acid
(ATRA) can inhibit ALDH1 regulating tumor behavior of
ovarian cancer cells. By using flow cytometry and exo-
genous expression of enrichment of low or knock out the
expression of ALDH1 found ALDH1 activity and the dry-
ing of ovarian cancer cells were positively correlated,
according to the formation and the expression of CSC
marker balloon and tumor xenograft model in mice.
ALDH1 directly regulates the function of ovarian cancer
cells. Also found ALDH1 can regulate the expression of
FoxM1 and Notch 1, while the FoxM1 and Notch 1 parti-
cipated in the downstream of ALDH1 mediated the biolo-
gical function of signal transduction. Silk bacterium element
sulfur chain (Thiostrepton) inhibition of FoxM1 and DAPT
Notch1 inhibition can be cut cells into the ball skills. ATRA
can reduce the expression of ALDH1, inhibit the tumori-
genic ability of ovarian cancer cells, and inhibit the sphere
formation, cell migration and invasion of ovarian cancer
cells. Above all cut ALDH1 FoxM1 / ATRA
Notch1 signaling pathway and inhibition of ovarian cancer
cell tumor formation [192].

Summary and Prospect

The cellular state of the cancer stem cell phenotype has been
acknowledged for a considerable period of time as a
mechanism that replenishes a substantial quantity of tumor
cells via self-renewal, exhibiting a high capacity for tumor
initiation and resistance to treatment. In recent times,
numerous research groups have formulated novel ther-
apeutic approaches to eliminate tumors and forestall disease
recurrence by focusing on this minute cohort of cells. The
resistance exhibited by ovarian cancer stem cells has been
attributed to several factors, including decreased intracel-
lular drug accumulation, heightened DNA repair, and the
quiescent nature of these cells. In recent years, various
approaches have been explored to overcome drug resistance
in ovarian cancer by targeting cancer stem cells. These

strategies include targeting surface markers of cancer stem
cells, inhibiting drug efflux transporters, regulating path-
ways of cell self-renewal and differentiation, and inducing
apoptosis [166]. In the context of ovarian cancer stem cells,
the inhibition of Notch activity through the use of gamma-
secretase inhibitors (GSI), Aurora A kinase, or DNA
methyltransferase inhibitors has demonstrated efficacy in
targeting epigenetic processes [10, 167, 168]. Additionally,
several prominent transcriptional regulators including Myc,
β-Catenin, NFκB, STAT, RUNX, and NOTCH/CSL have
emerged as potential therapeutic candidates for the targeting
of cancer stem cells [87]. The aggregation of data indicates
that modifications in lipid and fatty acid-associated signal-
ing pathways play a crucial role in the preservation of
cancer stem cells [35, 36]. Current empirical data proposes
that the regulation of cancer stem cell maintenance and
differentiation is governed by extracellular matrix
mechanics. The interplay between cells and extracellular
matrix is a fundamental factor in the establishment and
preservation of stem cells [156, 193].Cancer stem cells have
the ability to diminish and evade natural killer (NK) cells by
suppressing the expression of NK cell-activating ligands,
including major histocompatibility I peptide-related
sequence A (MICA) and histocompatibility I peptide-
related sequence B (MICB), thereby evading immune sur-
veillance [157].

Cancer stem cells typically comprise a minor proportion
of the overall cancer cell population. Consequently, high-
throughput screening drugs that are selectively targeted rely
on the in vitro proliferation of a stable and highly enriched
population of cancer stem cells. Various techniques exist for
isolating ovarian cancer stem cells, however, the mechan-
isms through which ovarian cancer stem cells originating
from distinct pathways facilitate tumor progression are
dissimilar. Currently, the fundamental signaling pathways
that regulate ovarian cancer stem cells remain indetermi-
nate.Recent research has demonstrated that cancer stem
cells exhibit heightened activity, and that the anomalous
activation of transcriptional regulators associated with the
cancer stem cell phenotype may impart a significant degree
of cellular plasticity [194]. Hence, the identification of
molecular regulators that govern distinct functions, namely
self-renewal, differentiation, and chemotherapy resistance,
in cancer stem cells is of paramount importance. These cells
are not only indispensable for the initiation and progression
of tumors, but also contribute significantly to treatment
resistance and disease relapse owing to their capacity to
counteract drug efficacy [195].

Chemotherapy is a primary and all-encompassing ther-
apeutic approach aimed at impeding the advancement of
tumors and extending the survival time of patients after sur-
gery [196]. In general, patients diagnosed with advanced
ovarian cancer exhibit a favorable response to a combination
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of taxane and platinum chemotherapy. However, the presence
of chemoresistant tumor cells in metastatic sites may persist,
resulting in a state of dormancy for an extended period fol-
lowing initial treatment, ultimately culminating in tumor
recurrence [197]. Over the past few decades, there have been
persistent endeavors to advance surgical techniques and
intensive combination chemotherapy for the treatment of
advanced ovarian cancer. However, despite these efforts, the
long-term clinical outcomes for patients have not exhibited
significant improvement [198]. Notably, ovarian cancer stem
cells have been observed to endure conventional chemother-
apy, thereby posing a clinical challenge. In this context, while
the mechanisms linked to ovarian cancer stem cells remain
incompletely understood, empirical evidence has shown that a
minor subset of tumor cells exhibiting chemotherapy resis-
tance may possess cancer stem cell attributes, thereby con-
tributing significantly to disease relapse [199]. Consequently,
there is a pressing need to explore novel therapeutic inter-
ventions that target cancer stem cells. Such interventions
could involve the direct targeting of stem-cell surface bio-
markers, the modulation of stem-cell signaling pathways, or
other approaches aimed at eradicating cancer stem cells.
Numerous clinical trials investigating targeted therapy have
yielded unfavorable outcomes [4], indicating significant
challenges in the development of therapeutic drugs targeting
cancer stem cells. In order to gain a deeper understanding of
disease progression and drug resistance mechanisms in
tumors, in vivo and in vitro biological tests are necessary to
facilitate the development of drugs targeting cancer stem cells
[200].

Conclusion

Consider revising the sentence as follows: Significant
advancements have been achieved in the investigation of
ovarian cancer stem cells in the past. Through the colla-
borative endeavors of pertinent specialists, cancer stem cells
have been effectively isolated and cultured, and potential
therapeutic targets and molecular markers for ovarian cancer
stem cells have been identified. Nevertheless, these findings
remain insufficient, and further exploration is required to
elucidate the precise mechanism of action and targeted ther-
apy. The primary objective is to persist in identifying and
evaluating particular cancer stem cell markers and associated
signaling pathways in ovarian cancer. This pursuit aims to
enable earlier and more precise detection of tumors, facilitate
targeted therapy, eradicate cancer stem cells, and establish
novel avenues for the precise treatment of patients with
ovarian cancer. Nevertheless, substantial impediments exist in
the elimination of cancer stem cells. Initially, it is observed
that these cells demonstrate heightened resistance to con-
ventional cytotoxic drugs, and the administration of standard

chemotherapy may inadvertently facilitate disease progression
by promoting the selection of cancer stem cells. Additionally,
the utilization of non-targeted cytotoxic drugs to eliminate
cancer stem cells may result in severe side effects due to their
inherent drug resistance and limited quantity. Consequently,
the safe dosages of conventional cytotoxic drugs employed in
clinical practice are inadequate for the eradication of cancer
stem cells. Regrettably, conclusive clinical evidence sup-
porting the efficacy of targeted therapies aimed at cancer stem
cells in preventing tumor recurrence and metastasis remains
elusive. Consequently, additional in vitro and in vivo trials are
imperative to ensure the development of drugs targeting
cancer stem cells, thereby enhancing the prognosis of patients
afflicted with ovarian cancer.
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