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ABSTRACT: Cancer is a highly heterogeneous pathology that poses a significant threat to millions of lives worldwide.
In recent decades, there has been a substantial advancement in our understanding of the mechanisms underlying
oncogenesis. Contemporary models now take into account the intricate interplay between cancer cells, immune cells,
and other non-pathological cells during oncogenesis. The identification of small subpopulations of cancer stem cells
has emerged as a crucial area of research, as these cells have been associated with cancer progression and resistance to
various therapeutic interventions. The ability to distinguish between cancer stem cells and non-pathological stem cells
is paramount for effective diagnostics and treatment. The stem state is associated with a cell’s ability to survive under
harmful conditions. Evidence has recently emerged that non-pathological stem cells possess immune privileges. The
ability of stem cells to evade surveillance of the immune system could be utilized by oncogenesis. This is of particular
significance due to the rising role of anti-cancer immune therapies. Moreover, the immune privileges of stem cells could
be exploited by cancer before any treatment, emphasizing the importance of their integration into cancer models. This
review elucidates the functional comparison of cancer stem cells with non-pathological stem cells and the associated
challenges in diagnostics and treatment.
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1 Introduction

Cancer is a major concern in the field of modern medicine. While significant advances have been
made in the treatment of specific cancers, the global burden remains substantial, with millions of people
afflicted [1,2]. Cancer is defined as the uncontrolled growth of cells, resulting in the disruption of normal
tissue and organ function and without treatment leading to severe symptoms and death [3-5]. The molecular
mechanisms that underpin this process and lead to the transformation of normal cells into cancerous ones
have been the focus of significant research [6-9]. The development of cancer is contingent on the origin of
cancer precursors, the presence of diverse cell subtypes, and the interplay between cancer and non-cancer
cells, which can be either competitive, cooperative, or supportive [5,10-12]. While in some cases, cancer
is presented by the homogeneous or clonal subpopulation of cancer cells, there are cases with significant
heterogeneity in subpopulations of cells, which may include cancer stem cells (CSCs) [13-16]. The targeting
of different cells in different microenvironments requires different approaches. While there exist unspecific
strategies to target common differences among cancer cells, there is a growing body of approaches to treat
cancer according to markers specific to a particular cancer type [17-20].

This review is devoted to the issue of CSCs about non-pathological stem cells (npSCs). The first report
identifying CSCs was published in 1997, and since then, the subject has been significantly elucidated; yet,
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we are still far from complete understanding [14,21-23]. The presence of CSCs has been associated with
refraction, metastasis, relapses, and overall poor prognosis [22,24-26]. CSCs bear case-specific genomic
alterations of cancer cells, yet they also exhibit characteristics of stem cells. The efficiency of therapeutic
targeting of CSCs is a major concern. Radiation, chemotherapy, and immune therapy could be ineffective
against CSCs, and this could be a manifestation of the stem state itself [27-30]. In a recent article, it was
proposed that the common functions and properties of stem cells, in conjunction with their microen-
vironment and regulatory mechanisms, could be recognized as a stem system [31]. The stem system is
not limited to stem cell subpopulation but includes other cells required for the proper tissue support by
renewing a pool of differentiated cells, a response to a regeneration request, and modulation of an activity
of the immune system. Integration of immune modulation function into stem cell properties leads to the
conclusion that such immune modulatory stem cells should be regarded as a specialized component of the
immune system. The earlier suggested idea of the close relationship between the immune system and the
stem system functions [31] has been further developed to explain the evolutionary link between attributes
of immune modulatory stem cells [32]. The question of whether CSCs are also part of the stem system
and to what extent remains unresolved. Recent studies demonstrated the immune privileges of npSCs [33-
36]. We managed to strengthen the results of our group [35] by the demonstration of immune privileges of
mesenchymal stem cells (MSCs) in immunized recipients, with the results of the last study currently available
as a preprint [37]. The ability of MSCs to survive and maintain functionality following transplantation,
despite targeted immunization, differs from the immune privileges observed in conventional sites such as
the brain or eye [38,39]. New data demonstrate similarities between MSCs and CSCs in their ability to evade
immune surveillance [40,41]. In consideration of the significance of the transition to the mesenchymal state
in the context of CSC regulation, it is imperative to take into account the strong immune privileges exhibited
by MSCs in models of CSCs. This also gives rise to the question of the similarity between CSCs and npSCs
in the context of functionality.

2 Origin

The transformation of precursor cells into cancer cells can occur in a variety of ways [5,8]. Mutations can
be caused by various factors, including stochastic events, smoking, diet, irradiation, infection, inflammation,
and other internal dysregulations [7,8,42]. Genetic and epigenetic alterations contribute to cancer evolu-
tion [43]. Driving mutations often initiate a process of secondary mutations that lead to malignancy [44-46].
Manifestation of cancer can occur through the actions of differentiated cells, while less differentiated cells can
be a source of problems [47-49]. The population of undifferentiated cancer cells can form teratomas [50,51].
In contrast to normal tissue supported by the stem system, differentiated cancer cells can, in certain cases,
function independently, while in others, cooperation and high heterogeneity are observed [12]. During the
early stages of oncogenesis, quiescent stem cells have been shown to persist for extended periods of time,
whereas their progeny do not, suggesting that stem cells may play a significant role in the accumulation
of pro-oncogenic mutations [52], see Fig. la. In the later stages of cancer progression, stem-like cells that
undergo slow division are statistically less successful in terms of cancer evolution in comparison to their
progeny, which undergoes more frequent divisions [53]. This observation supports the hypothesis that such
CSCs are more likely to arise from a process of dedifferentiation rather than being the original source
of cancer, see Fig. 1b. Similar to normal tissues, the cancer microenvironment plays an important role in
supporting cancer and CSCs as well as in their evolution before and after therapy [54-57]. Cancer cells could
be stimulated to dedifferentiate [53,58,59]. This could be a direct induction or a result of competition in
dysregulated conditions within the cancerous environment.
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Figure1: Role of cancer stem cells in cancer progression. (a) In healthy tissue, long-living stem cells are the main sources
and keepers of oncogenic mutations; (b) In advanced cancer stages, cancer non-stem cells with upregulated proliferation
and mechanisms of survival provide significant contributions to cancer progress. Dedifferentiation stimulated by the
tumor microenvironment enhances stem cell turnover and cancer progression; (c) Classic anticancer therapy eliminates
cancer non-stem cells, induced damage, and inflammation can further stimulate cancer stem cell selection; (d) Therapy
escape can occur due to therapy-induced stimulation and selection for resistant properties of cancer stem cells and their
resistant clones

Dedifferentiation of non-pathological cells has been observed in various tissues [60-63]. The Yamanaka
cocktail, which comprises the transcription factors, has been shown to transform differentiated cells into
induced pluripotent stem cells [64-67]. Another factor that has been identified as inducing stemness in
cultivated cells is hypoxia [68-71]. It has been observed that the stem niche is characterized by hypoxia
[72-75]. The cancer microenvironment has also been shown to be characterized by hypoxia [76-79], and it
has been hypothesized that this could be one of the key mechanisms for reprogramming cancer cells towards
CSCs [80-83]. Glycolysis and other factors have also been posited as contributors to the case-dependent
reprogramming [84-88]. Dedifferentiation has also been observed in vivo for differentiated non-pathological
cells induced by stress [61,89,90]. Of particular interest is the observation that stem cells limit the number
of dedifferentiating cells [91,92]. Chronic inflammation in normal tissue may induce extended activation
of stem cells and their exhaustion [93,94]. At least for some tissues, stem cell balance could be consid-
ered dynamic, and in cancer tissues, it can contribute to faster CSC turnover [95]. Furthermore, stress
induced by therapy activation of the regeneration program can also lead to dedifferentiation and cancer
progression [57,96,97], see Fig. lc,d. Due to the diversity of cancer pathology, it is difficult to consider only
one way.

It is important to acknowledge the existence of diverse oncogenic strategies, where the development
of CSCs is an optional event. There is evidence of collaboration between different cancer clones [12,98,99].
The diversification of roles among cancer subclones can contribute to the accelerated progression of the
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pathology as a whole [100]. Furthermore, metastases can be formed clonally by migrating cells [101]. The
demonstration of immune privileges in the field of npSCs provides vital information for understanding the
evolutionary advantages of stemness for CSCs in the course of oncogenesis [33-36].

3 Properties and Functions

The formation of metastases, the support of the pool of differentiated cancer cells, and the preservation
of cancer tissue can be considered functions of CSCs [102]. It is noteworthy that these functions are not
required by evolution. These functions are analogous to those of npSCs. While CSCs possess a corrupted
genetic program, their stem state and properties can be analogous to those of npSCs. The prevailing concept
is that the stem program might be analogous across diverse stem cells, including CSCs [31,103]. This program
is responsible for supporting organ and tissue renewal, responding to reparative demand, and forming
mutual regulation with the immune system [31,103]. It is important to note that significant diversity in the
organization of the stem system exists in different tissues [103,104]. A comparison of CSCs and npSCs,
accounting for their own diversity, would be complicated. The present review will therefore focus on the
subpopulation of quiescent, immune-privileged stem cells and the traits with which they are associated,
see Fig. 2.
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Figure 2: Cancer stem cells can utilize the functions of a non-pathological stem cell for cancer progression in native
conditions and under therapeutic pressure
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3.1 Immune Privileges

Immune privileges provide an ability to evade the action of suppressive immune surveillance, which
otherwise would eliminate cells without immune privileges [31]. The immune privileges of cancer cells and
CSCs represent a significant concern for the field of oncology [41]. Immune therapy involves the development
of approaches aimed at targeting specific markers on cancer cells, with the ability to evade immunity acting as
a natural barrier [105-107]. Evidence suggests that CSCs can survive and maintain functionality for extended
periods within the host, eradicating differentiated cancer cells [40,41]. The existing literature outlines an
intricate network comprising diverse molecular mechanisms and specialized immune cells [41,108-110]. In
contrast, the literature on the immune privileges of npSCs remains comparatively limited. Nonetheless,
evidence suggests immune privileges for hair follicle and muscle stem cells, as well as for hematopoietic
and mesenchymal stem cells [33-36]. The significance of quiescence and T-regulatory lymphocytes has been
demonstrated [33,34]. It is important to note that MSCs evade the immune system not only through passive
mechanisms but also by actively interacting with immune cells, thereby reprogramming them according to
the molecular environment [111-114]. This emphasizes the ability of the stem system to regulate the immune
system [115]. It has been suggested that the immune privileges of stem cells result from the regulation
required for proper control of autoimmunity and regeneration [31]. In a recent study, we demonstrated that
GFP* MSCs can survive in the transplantats for 6 weeks and preserve functionality despite GFP preliminary
immunization; these data are presented as a preprint [37]. We posited that this capacity is analogous to that
of CSCs, as they are capable of survival while their progeny are being eradicated [40,41]. Furthermore, it is
evident that immune privileges exhibit variation in ocular and cerebral regions, where the entire tissue is
protected, yet impairment or immunization results in a substantial diminution of immune privileges [38,39].
The similarity of CSCs and MSCs suggests the presence of shared underlying mechanisms. The hypothesis
that immune privileges could be a property of quiescent stem cells is reinforced by a number of studies
[33-35,41]. In this context, it can be hypothesized that, in certain cases, the immune privileges exhibited by
CSCs may be a manifestation of their stem state, which could be exhibited in conjunction with other stem
properties, thereby providing benefits that contribute to survival [31].

3.2 Self-Maintenance

Self-maintenance is defined as the capacity of stem cells to sustain their own population [104]. In
contrast to differentiated cells, which exhibit limited proliferative potential, stem cells possess the ability to
generate differentiated progeny and their own copy in asymmetric cell division [116]. A notable capacity is
that of dedifferentiation, whereby certain cells have been observed to regain stem cell characteristics [63,117].
It is important to note that although dedifferentiation and self-maintenance are not synonymous, they
contribute to the maintenance of the stem cell population. The distinction between these phenomena,
which are intricately linked, may require rigorous lineage-tracing experiments [118]. Dedifferentiation has
been observed in transit-amplifying cells, which are closely related to the progeny of stem cells and in
differentiated cells [61,95,119]. In vitro cultivation of cells with transcription factors can stimulate dedif-
ferentiation into stem cells, also referred to as induced pluripotent stem cells [67,120-122]. The ability to
dedifferentiate is considered one of the mechanisms for transformation towards CSCs and therefore their
maintenance [53,58]. The capacity for self-maintenance is considered a hallmark of CSCs in the context of
persistent pathology [123,124].

3.3 Quiescence

It is noteworthy that while the cells belonging to the CSC population are quiescent, their progeny exhibit
active proliferation [125]. Quiescence has been observed in both normal and cancer stem cells [126,127].
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However, it is important to note that dormancy is also exhibited by non-stem cells, which underscores the
necessity to avoid the interchangeable use of these terms [128]. Quiescence can be considered the inverse
of proliferation, yet it is associated with challenges in treatment [125,129,130]. Quiescence and dormancy
are mechanisms that enable cells to evade the action of the immune system or other environmental insults,
thereby providing a survival advantage [41,129]. In addition to its role in evolution, quiescence provides
a natural safeguard against the damaging effects of irradiation and chemotherapy [129,131]. Quiescence is
essential for npSCs maintenance and functioning [132-134]. The results associating quiescence with immune
privileges in stem cells further emphasize the significance of elucidation of associated mechanisms [33].

3.4 Resistance to Apoptosis

Stem cells have been demonstrated to possess a heightened capacity to survive within damaged
tissues and to inhibit apoptosis [135,136]. This ability is also of key significance for CSCs [137-139]. The
transition to a stem state is regarded as a mechanism of resistance to intracellular cytotoxic mechanisms and
induction [28,138,140,141]. ATP-binding cassette transporters, including the multidrug resistance transporter
1 and the breast cancer resistance protein, are among the protective mechanisms of CSCs and npSCs
[137,142-144]. Furthermore, enhanced activity of the DNA repair mechanism has been observed in
CSCs [27,145]. DNA reparation is also elevated in stem cells [146,147]. Additional resistance could be acquired
from external mechanisms accounting for other cells [148,149].

3.5 Epithelial-Mesenchymal Transition

The epithelial-mesenchymal transition (EMT) is defined as a cellular transition in which a cell changes
from an epithelial to a mesenchymal phenotype, resulting in an increased capacity for motility and the
acquisition of stem cell characteristics [150-152]. The transition to a mesenchymal state has been shown
to weaken cell-to-cell contacts [153]. The development of cancer is associated with a reduction in the
dependency of cancer cells on their niche environment [104,154]. This observation could be indicative of
the potential impact of EMT on cancer development. However, it should be noted that the mechanisms
of EMT vary depending on the tissue type and can occur alongside the development of CSCs [153,155].
Furthermore, EMT has been demonstrated to contribute to metastasis [156-159]. EMT is associated with
invading cells but could be unnecessary for metastase formation, yet cooperation with EMT cells supports
the metastasizing process [160-162]. The ability of cells to form metastases and to migrate could be associated
with CSCs [163-165]. Furthermore, EMT has been demonstrated to depend on other cell subpopulations,
including non-pathological cells stromal, and immune cells [166]. EMT is regarded as a pivotal process in the
migration of npSCs [153,167]. The migration and repopulation of hematopoietic territory is well documented
in the case of hematopoietic stem cells [168-170]. Migration of MSCs occurs during embryogenesis, where
MSCs migrate from the neural crest to developing tissues [171]. The migration of satellite-muscle stem cells
from the dermomyotome during embryogenesis is also required for proper development [172]. In adult
organisms, migration of MSCs and other stem cells has also been demonstrated, particularly in response to
tissue damage signals [173-177]. EMT and migration are important for the proper functioning of stem cells
and tissue regeneration.

3.6 Plasticity

Plasticity is defined as the ability of cells to modify their phenotype through genetic or epigenetic
alterations [178,179]. This phenomenon can be achieved through diverse mechanisms, with one such example
being dysregulated differentiation in oncological contexts [179-181]. Plasticity is regarded as a mechanism
that fosters cancer cell diversity and an ability to evade therapy [124,140,182,183]. Hypoxia and inflammation
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have been observed to stimulate the fusion of cancer cells, although this event is rare it contributes to
plasticity [184-186]. Furthermore, fusion with MSCs has been shown to result in cells with increased
stemness [187,188]. It is important to note that cell fusion is not exclusively a pathological process; it is
essential during fetal growth and regeneration [189-191]. The capacity to differentiate into various subtypes
is a hallmark of npSCs [104,192]. In non-pathological differentiated cells, plasticity can be triggered by injury
or inflammation [91,117]. Cancer cells can be induced to increase stemness as a consequence of anti-cancer
therapy [57,96,97]. Despite the capacity of CSCs to undergo epigenetic changes, genomic instability is widely
regarded as a significant contributing factor to cancer evolution [193].

3.7 Response to Regeneration Request

Regeneration represents a pivotal function of the stem system [31,104]. The activation of stem cells in
response to damage has been observed not only at the site of damage but also in distant tissues [175,194,195].
The regeneration of tissue is required at the site of damage, and the directed migration of stem cells towards
such areas is demonstrated, controlled by SDF-1/CXCR4, SIP-S1PR2, and other signals [176,177,196]. The
introduction of pathogens often results in tissue damage, necessitating the simultaneous activation of inflam-
mation and regeneration [197]. These processes are mutually interconnected forming regulation with the
complex bidirectional signaling, requiring timely and proper tuning [198,199]. The process of inflammation
has been shown to stimulate regeneration, which in turn contributes to the inhibition of inflamma-
tion [113,200]. Furthermore, it has been demonstrated that, in the area of damage, the stimulation of
differentiated cells can induce their plasticity and dedifferentiation [117]. The tumor microenvironment has
been shown to be associated with ongoing regeneration, continuously stimulating cancer cells and possibly
contributing to their transformation towards CSCs [117,201]. CSCs stimulated by hypoxia in damaged tissue
contribute to angiogenesis, which is of particular significance in solid tumors [202]. A similar regulatory
mechanism has been observed in MSCs [203,204]. Stress induced by therapy or inflammation could also
contribute to cancer progression [42,97,205]. Induced damage, inflammation, and regeneration are essential
for tissue maintenance, but in the case of the cancer microenvironment, they become a serious threat
contributing to cancer progression.

4 Diagnostics

Cancer is defined as a proliferative disorder that leads to uncontrolled growth of cancer cells. The
nature of cancer can vary significantly depending on the tissue of origin and the presence of functional
dysregulations [18,206-208]. There are markers that provide information for prognoses and the selection
of the most appropriate strategy for treating a given cancer case [18,209-211]. As emphasized, cancer is
presented as heterotrophic populations of cells, and different markers could be associated with different
subpopulations [212-215]. To facilitate effective diagnostics, it is imperative to identify case-specific CSCs.
The existence of shared functions and mechanisms among CSCs suggests the potential for the development
of universal markers, as evidenced by the research on Oct4, Nanog, and Sox2 [124]. A significant number
of studies have been undertaken to identify markers not only for CSCs but also for npSCs [215-218].
Distinguishing CSCs from npSCs residing in cancer tissue requires neat protocols [219]. Moreover, a small
proportion of stem cells poses a considerable challenge in terms of their identification and study. In our
previous study, we identified one MSC for approximately 10,000 cells in a bone marrow sample, a number
consistent with other reports [35,220,221]. While there are a number of markers to classify stem cells, they
differ depending on a particular study and a research group [216,222-224]. For instance, we suggested
nestin as a potential marker associated with stem cells and immune privileges [35]. The existing literature
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supports the hypothesis that nestin is expressed in CSCs; however, it is also expressed in some non-
stem cells, suggesting that it may not be a perfect marker [225,226]. There is a debate in the scientific
community about whether multipotent stem cells identified by different markers could represent stem
cells with common functionality [222]. However, further research is required to elucidate the functions of
differences in stem cell identification [163,227]. The regulation of npSCs is a complex network in which the
normal functionality of each mechanism can be disturbed in several ways, thus explaining the complicated
understanding of the pathophysiology of CSCs. The identification of CSCs is complicated by dysregulated
cancer microenvironments [228-231]. The presence of markers for CSCs varies according to the specific
type of cancer and the associated conditions, forming a constantly updating list [19,232-234]. The testing
of multiple marker sets is a more extensive process that requires a greater quantity of biological materials.
The abundance of CSC markers can be applied to prognosis [235-238]. However, the proportion of CSCs
may be low [239,240]. Distinguishing a small subpopulation from a general pool of cells requires appropriate
protocols. Bulk analysis for expression, mutations, or other markers would not be sufficient. CSCs can be
recognized by methods that distinguish individual cells. Multicolor flow cytometry to target CSC markers
or single-cell sequencing utilizing high-throughput technology are appropriate approaches. Regardless of
the method employed for CSC diagnostics, the low proportion of cells implies that only a proportion of
the acquired data would be relevant to potential CSCs. Consequently, larger biological samples should be
considered to obtain sufficient data for CSC analysis. While enriching samples by targeting CSC markers
could be advantageous, a substantial volume of biological material would be required. The process of in
vitro cell expansion would incur greater costs due to the consumption of time and materials, moreover, it
could result in alterations to the subject of study. The plasticity and evolution of cancer present additional
challenges for diagnostics, necessitating consideration of not only the stationary condition but also the
evolving process [53,183,241]. New events can occur in a natural course of disease and as a reaction to
therapy [57,96,97,242]. The migration of individual cancer cells through the body is challenging to detect
prior to the formation of metastases. Individual quiescent CSCs can persist for extended periods before
relapse [243-246]. These factors naturally create a barrier to the routine diagnostics of CSCs in a clinical
setting, with CSCs being the focus of intensive research in experimental contexts. The challenges posed
by factors such as the low number of CSCs and their plasticity cannot be overcome by the technology of
observation. The persistence of these barriers to the diagnostics of CSCs in a clinical setting can be predicted
over an extended period.

5 Treatment

Conventional cancer treatment protocols may prove ineffective in eradicating CSCs. Surgery has been
demonstrated to facilitate the extraction of cancer cells, including CSCs [247]. However, this approach is only
effective for solid tumors and only if the CSCs have not migrated through the body before surgery [248,249].
Furthermore, it has been demonstrated that surgery can induce the transformation of disseminated cancer
cells into CSCs [96]. Radiation and chemotherapy target actively dividing cancer cells, but these approaches
are ineffective against quiescent CSCs [27,28,131,250]. While certain therapeutic approaches have been
successful in treating specific cancer cases, they have encountered challenges in addressing CSCs, which
exhibit heightened drug and apoptosis resistance [138,141,165,251]. Moreover, it has been demonstrated
that chemotherapy and radiation can induce the transformation of cells into CSCs and stimulate therapy-
resistant metastases [97,242]. Strong stress can induce a pro-tumorigenic state in non-cancer cells within
the tumor microenvironment [56,219,252]. Furthermore, CSCs have been shown to evade targeted therapy,
which is capable of suppressing most cancer cells [253]. Antiangiogenic therapies directed at suppressing
tumor growth may cause hypoxia-induced metastatic spread [79]. Recent years have seen a proliferation of
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approaches to cancer treatment that harness immune mechanisms [254,255]. Immune therapy, which aims
to modulate immune checkpoints and cells, has proven to be an effective cancer treatment [256]. Chimeric
antigen receptor-modified T-cell therapy is an approach that involves genetic modification of cytotoxic
lymphocytes to direct them to a desired target via the introduction of a chimeric T-cell receptor [257]. CSCs
have been demonstrated to have immune privileges, accounting not just for a single immune dysregulation,
but for the complex network providing robust protection specific to npSCs [29,30,41,109]. Another problem
is the plasticity of cancer and CSCs, which allows the survival of pathologic cells after initially effective
treatment [138]. Furthermore, the similarity of molecular mechanisms and signatures of CSCs and npSCs
enables CSCs not only to evade therapy but also to render effective anti-CSC treatment risky for npSCs [216].

CSCs are notoriously difficult to eradicate and have the capacity to induce relapses, thus prompting
the temptation to designate cases of successful cancer treatment as CSC-free. Indeed, the advent of progress
in treatment has led to the successful management of certain cancer types, with the potential for CSCs to
be absent in some cases of cancer. However, reports from organ transplantations have highlighted a risk
of cancer transmission from donors in long remission [243]. While the probability of this occurrence is
minimal, there is evidence to suggest the potential for cancer cells or CSCs to persist in patients who are
in remission [243]. Furthermore, there have been instances where cancer has been diagnosed following an
unrelated death [244]. This observation suggests the possibility of an underestimation of the total number
of people with cancer and CSCs, as many may not survive long enough to receive a diagnosis.

The challenges associated with the treatment of CSCs have given rise to the development of novel
approaches aimed at overcoming the resistant profile of CSCs. Despite the challenges associated with the
clinical diagnostics of rare subpopulations of CSCs, there has been a notable increase in the number of
studies dedicated to the treatment of CSCs. One such example is adaptive treatment, where the restriction
of tumor growth is achieved, resulting in enhanced survival outcomes when compared to higher-dose
treatments [258,259]. Therapy can be applied to induce differentiation in leukemic cells [260]. Treatment
can be aimed at the metabolic reprogramming of CSCs [84,261]. The drug can be targeted to quiescent
CSCs [262]. The use of cytotoxic drugs has been proposed as a targeted approach, with the marker of
stem cells LGR5 being a potential target [263]. CSCs can also be metabolically labeled for subsequent
targeted ablation [264]. The strategy aimed at disrupting WNT signaling can suppress stem cell function
in tumors [265]. The use of engineered high-density lipoprotein-mimetic nanoparticles for the delivery
of sonic hedgehog inhibitors through the blood-brain barrier to medulloblastoma CSCs has also been
proposed [266]. The injection of miR-7-5p mimics has been shown to reduce stemness and radioresistance
in the xenograft model of colorectal cancer [267].

CSCs have been observed to produce differentiated cancer cells, which in turn have the capacity to ded-
ifferentiate from CSCs. The elimination of both subpopulations is imperative for the successful treatment of
cancer. In this regard, novel strategies combining individual approaches are being developed and tested. It has
been demonstrated that the inhibition of the CSC marker aldehyde dehydrogenase 1A1 in combination with
gemcitabine chemotherapy results in significant suppression of breast tumor growth [268]. A combination of
a programmed death-ligand 1 inhibitor and a dendritic cell-based vaccine targeting CSCs following surgical
excision has been shown to result in prolonged survival and reduced local tumor relapse [269]. The targeting
of combinations of CSC markers by triplebodies or chimeric antigen receptor-modified T-cells is a potential
avenue for future research [270,271].

The presented examples of CSC treatment are merely a fraction of the reported and ongoing studies in
this field. The advent of novel methodologies has enabled the extension of treatment to a greater number
of patients, yielding enhanced outcomes; however, a comprehensive grasp of the underlying mechanisms
remains elusive. A similar situation pertains to the understanding of the physiology of npSCs. The capacity
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to distinguish between CSCs and npSCs is critical for effective diagnostics and therapeutic intervention.
Furthermore, it is important to note that npSCs functions are mirrored by CSCs in the course of oncogenesis.
The challenges associated with the control and elimination of CSCs by diverse therapeutic approaches may
be attributed to the multiple protective mechanisms inherent to the stem state. Demonstrating the presence
of significant immune privileges in npSCs is particularly important when considering the growing number
of anti-cancer immune therapies. A comprehensive understanding of the complex mechanisms underlying
stem and immune regulation is critical for the related models and development of effective therapy.

6 Conclusions

The question of whether cancer stem cells are more stem or cancer cells does not have a universal
answer. The regulation of stem cells is a dynamic process determined by multiple factors that form a complex
network. The identification of markers that definitively distinguish stem cells is challenging, and the temporal
dynamics of these markers during cellular transformation remain to be fully elucidated. Furthermore, the
transition from a stem cell to a differentiated progenitor cell is not a unidirectional process. Further research
is necessary to comprehensively understand the physiology of both CSCs and npSCs, and to establish a
basis for comparison. Nevertheless, the question requires an answer for proper diagnostics and treatment
in particular cases. The issue is further complicated by constant evolution in the process of oncogenesis,
which allows for retrospective case consideration only. This situation underscores the conclusion that, while
distinctions may exist between CSCs and npSCs, the current technological limitations preclude reliable
distinction, particularly within the context of routine clinical practice. The npSCs regulation serves as a
foundation for the regulation of CSCs, with details being of particular significance, especially in the context
of immune modulation and immune privileges. The continuous improvement of technologies and tools
will undoubtedly inspire further intensive studies to elucidate the yet-to-be-defined details of stem system
regulation. Elucidation of such details is of benefit to cancer treatment and therefore requires more attention.
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