
1
Central European Journal of Urology

UROLOGICAL ONCOLOGYR E V I E W   P A P E R

Cancer stem cells and their role in metastasis
Michał C. Czarnogórski1, Aleksandra Czernicka1, Krzysztof Koper2, Piotr Petrasz3, Marta Pokrywczyńska4, 
Kajetan Juszczak1, Filip Kowalski1, Tomasz Drewa1, Jan Adamowicz1

1Department and Chair of Urology and Andrology, Ludwik Rydygier’s Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland
2Department of Oncology, Ludwik Rydygier’s Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland 
3Department of Urology and Urological Oncology, Multidisciplinary Regional Hospital in Gorzow Wielkopolski, Poland
4Department of Regenerative Medicine, Chair of Urology, Ludwik Rydygier’s Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland

Article history
Submitted: Jul. 23, 2024
Accepted: Oct. 30, 2024 
Published online: Nov. 28, 
2024

Introduction Cancer, next to cardiovascular diseases, remains the primary concern of modern medicine 
in developed countries. Despite the unprecedented progress in targeted therapies and personalised 
medicine, including immunotherapy and gene therapy, we are still unable to efficiently treat many 
malignancies. One of the major obstacles to treating cancer is its ability to metastasise. Hence, a better 
understanding of cancer biology with emphasis on the metastasis formation may hold the key to further 
ameliorating cancer treatment. Nowadays, there is a growing body of evidence for the common denomi-
nator of neoplasia, which seems to be universal – cancer stem cells which are being found in a growing 
number of cancers.
Material and methods We conducted a Web of Science and Medline database search using the terms 
“cancer stem cells”, “carcinogenesis”, and “stem cells” in conjunction with “metastasis”, without setting 
time limits.
Results The existence of cancer stem cells was proven both in animal models and in humans. We know 
beyond doubt that cancer stem cells may be found in bladder cancer, breast cancer, and colon cancer, 
among others. The cancer stem cells in the aforementioned cancers may initiate tumour formation  
ex vivo and thus theoretically lead to tumour recurrence. Their role in the formation of metastases, 
however, is still under investigation. 
Conclusions Although their exact role is yet to be identified, it is now obvious that cancer stem cells give 
rise to primary mass in solid tumours and differentiated cancer cells in leukaemias. However, the role  
of cancer stem cells in metastasis is still obscure.
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Introduction

In the modern world the widespread of cancer re-
mains a major health issue in industrialised and 
developing countries. In 2023, in the United States 
alone, over 600,000 cancer-related deaths are pro-
jected to occur [1]. Ongoing studies in the field  
of cancer biology are conducted to ameliorate our 
understanding of oncogenesis and develop novel 
therapeutic options for cancer patients. Over the last 
few decades, we achieved immense progress in the 
field of cancer biology thanks to discovering novel 
cellular biomarkers that allow precise characteri-

sation of specific cancer cell subpopulations, which 
further allows the development of advanced thera-
peutic options, specifically targeting those cells [2]. 
The aforementioned advances in the molecular biol-
ogy and discoveries of cellular biomarkers or clus-
ters of differentiation, on the cellular surface as well 
as intracellularly, have led to the observation that  
the tumour mass contains a variety of cellular sub-
populations including cells with stem cell-like pheno-
type and properties [3]. Those cells have been named 
cancer stem cells (CSCs) or tumour-initiating cells 
(TICs) and presently are thought to play a pivotal 
role in the cancer growth, spread, and relapse [4].  
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Surprisingly, the first notion of the existence of the 
cells that originate the tumour development comes 
from the mid 19th century and Julius Cohnheim’s 
concept of “embryonic rests”, i.e. embryonic cells 
that were not utilised during ontogenesis, as an ori-
gin of all tumours [5]. Many decades later, further 
research on germinal tumours has led to the dis-
covery of embryonic stem (ES) cells in mice [6] by 
Stevens and Little, and as a consequence to the de-
velopment of cancer stem cells theory by Kleinsmith 
and Pierce in 1964 [7], based on the observation that  
ES cells produce various differentiated tissues as well 
as embryonal carcinoma when transplanted in mice. 
That concept was confirmed b y B onnet a nd Dick  
in 1997, who observed that only a small population 
of acute myeloid leukaemia cells is able to initiate 
the acute myeloid leukemia and has vast self-re-
newal capacity [8]. Further studies have shown that 
CSCs are also encountered in solid tumours – colon 
and breast cancers among others [9]. The progeny 
of CSCs transplanted into a new host consist of cells 
with stem-like properties and differentiated cells 
without tumourigenic potential. This observation 
is of utmost importance because it signifies that 
tumours, much like healthy tissues, are hierarchi-
cally organised and there is a fraction of cells that 
is responsible for tumour initiation, formation, and 
growth – namely CSCs. 
A malignant tumour’s cellular architecture is high-
ly heterogeneous. Among the tumour cells, there  
is a subgroup with the ability to self-renew despite 
cytotoxic treatment [10]. Those cells are called can-
cer stem cells (CSCs), a subpopulation of tumour 
cells characterised by low, although sustained po-
tential for unlimited proliferation [11]. In addition  
to the ability to divide and increase the pool of their 
stem cells, CSCs are able to differentiate into non-
tumourigenic cancer target types, which most likely 
constitute the majority of cells in the tumour mass 
[12]. It appears that the presence of just one CSC  
is sufficient to stimulate tumour growth. CSCs pre-
fer hypoxic niches with low pH and limited avail-
ability of nutrients, making them highly resistant  
to challenging environmental conditions [13]. 
However, they are not autonomous entities but rath-
er components of a larger ecosystem, actively influ-
encing the tumour’s microenvironment by restruc-
turing it and receiving information from the niches 
they inhabit [14]. The existence of CSCs should be 
understood not through the prism of the hierarchy  
of development of normal tissues in a binary ap-
proach based on stem and non-stem elements, but 
based on the stem theory, understood as a series 
of interactions with the microenvironment, cancer 
cells, and other types of cells [15].

Considering the origin of CSCs, 3 crucial and well-
established processes should be taken into account: 
spontaneous reprogramming of somatic cells, epi-
genetic and genetic changes such as methylation, 
rearrangement, demethylation in the pool of stem, 
progenitor and differentiated cells, and activation  
of the tumour microenvironment (TME) [16].
CSCs are in general characterised by 4 features: hi-
erarchical cell organisation, hierarchy arising from 
the presence of self-renewing cells and those exhib-
iting transient proliferation, the consistent identity  
of CSC within the tumour structure, and the resis-
tance of CSC to classical chemotherapy and radio-
therapy [17]. 

RESULTS

Signal transduction pathways involved in cancer 
stem cell regulation

In order for CSCs to multiply and self-renew, they 
exploit dysfunction in stemness signalling pathways 
[18]. The signalling pathways that determine the 
specific features of CSCs mainly include the follow-
ing: JAK/STAT, Wnt/β-catenin, PI3K/Akt, PTEN36, 
hedgehog, Notch, NF-κB, and Bcl-2 [19].
The JAK/STAT is an intracellular signalling pathway 
involved in cellular proliferation, differentiation, and 
the signal transduction [20]. This signalling pathway 
also mediates the process of haematopoiesis, main-
taining proper immune function, tissue repair, and 
apoptosis [21].
In breast cancer, it was noted that constant activa-
tion of STAT3 enables CSC survival and maintenance  
of stemness, and interleukin-6 (IL-6) enables the tran-
sition of non-stem cancer cells into the cancer path-
way, which was discovered as one of the mechanisms 
behind the self-renewal of glioma stem-like cells [22].
Wnt signalling pathway is involved in the processes 
of cell differentiation, survival, proliferation, and 
apoptosis [23]. The Wnt pathway consists of 3 sub-
pathways: the non-canonical planar cell polarity 
(PCP) pathway, non-canonical Wnt/calcium path-
way, and canonical pathway [24].
Both canonical and non-canonical pathways have  
a significant effect on CSCs. The canonical pathway 
affects the proliferation of those cells, while the non-
canonical pathways enable the induction of CSC’s 
dormancy. The Wnt/β-catenin pathway stimulates 
the reactivation of dormant CSCs, which promotes 
tumour recurrence [25].
The Notch signalling pathway performs a crucial 
function in the process of organ formation and tis-
sue repair, and its disturbances broadly contribute 
to the development of cancer. This pathway interacts 
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with 4 NOTCH receptors [26]. The family of those 
receptors mediates the transmission of information  
in the cell over a short distance, and acts as a tran-
scription factor activated by a family of ligands: Del-
ta, Lag-2, and Serrate [27].
Increased activity of the Notch pathway is observed 
in CSCs, and some even claim that this signalling 
allows the tumour to achieve its native cancer phe-
notype. Consequently, this pathway causes these 
cells to show a lower level of proliferation, which al-
lows them to survive in a dormant state and trigger 
tumour recurrence. This translates into resistance  
to anticancer therapy [28].
The Hedgehog pathway is a ligand-dependent sig-
nalling pathway in which the ligand can be Desert 
hedgehog, Sonic hedgehog, and Indian hedgehog.  
It plays an important role in the process of cell differ-
entiation, proliferation, tissue polarity, cell survival, 
and stem cell formation [29].
There are indications that this pathway regulates 
CSCs in pancreatic adenocarcinoma, glioblastoma mul-
tiforme, and chronic myeloid leukaemia (CML) [30].
The significant impact of the Hedgehog pathway on 
CSCs has been demonstrated in a study of plasmo-
cytic myeloma (PCM), which consists of a population 
of stem cells resembling memory B cells and a popu-
lation of malignantly differentiated plasma cells, 
which constitute the majority. It turned out that 
maintaining the signalling of this pathway keeps 
PCM stem cells in an undifferentiated state, capable 
of proliferation [31].
Specific markers are probably expressed on the sur-
face of CSCs. Those include the following: CD44, 
CD24, CD29, CD90, CD133, epithelial-specific antigen 
(ESA), and aldehyde dehydrogenase-1 (ALDH1) [32].
Other key markers of CSCs are transcription factors 
like OCT-4 and SOX-2, and drug-efflux pumps like 
ATP-binding cassette (ABC) drug transporters [33].
Of those, the surface marker CD133 has been ob-
served in the CSC population in variety of neo-
plasms, among others: breast cancer, brain tumours, 
lung cancer, pancreatic cancer, prostate cancer, and 
ovarian cancer [34].
Interestingly, CSCs undergo both the epithelial-to-
mesenchymal transition (EMT) and the mesenchy-
mal-to-epithelial transition (MET), both of which 
promote tumour progression and metastasis [35]. 
Our review aims to determine the CSC’s supposed 
role in tumour metastasis.

Stem cells and cancer stem cells – similarities  
and differences

Generating mutations in cellular DNA using carcin-
ogens, i.e. causative agents, contributes to the devel-

opment of cancer. These substances can include ion-
ising radiation and various types of chemicals such 
as components of cigarette smoke, alcohol, formalde-
hyde, oncogenic viruses, and many others [36].
It has been estimated that the number of single-
strand breaks and spontaneous base loss in nuclear 
DNA is approximately 10,000 changes per cell per 
day [37]. However, overcoming the carcinogenesis 
barrier, countered by the DNA repair process and 
apoptosis, requires a cell to accumulate between  
3 and 7 mutations [38]. Somatic mutations can un-
dergo clonal amplification, the number of which in-
creases with age in human tissues [39]. Damaged 
tissues can be repaired through the impact of stem 
cells, which possess the ability to self-renew and di-
vide throughout their lifespan [40]. The accumula-
tion of genetic disorders at the level of epigenetic 
regulators may cause the transformation of normal 
stem-cells into CSCs, which is crucial in carcinogen-
esis [41].
Stem cells remain undifferentiated both in embry-
onic and adult stem cells. During the stem cell differ-
entiation process, the stem cell program is silenced, 
but in the process of developing cancer, epigen-
etic reactivation of the stem cells leads to tumour 
multiplication and progression [42]. It may result  
in the transformation of a normal stem cell (NSC) 
into a CSC. Therefore, normal haematopoietic stem 
cells and cancer stem cells should present with simi-
lar features [43]. Firstly, both stem cells and CSCs 
are capable of self-renewal and division [44]. How-
ever, the potential for self-renewal is internally lim-
ited and reaches the division limit depending on the 
activity of p53 [45].
CSCs, on the other hand, can unlimited self-renewal 
and unlimited division, without the risk of differen-
tiation, aging or cellular death [46]. Some differences 
and similarities also occur in the type of cell division. 
Stem cells usually divide asymmetrically. As a result 
of this division, a SC gives rise to another stem cell 
and a progenitor cell [45].
CSCs divide mainly by symmetric divisions, al-
though it is worth noting that both CSCs and SCs 
have the capacity for both types of divisions. How-
ever, the symmetric division favoured by CSCs pro-
motes tumour growth and is accompanied by a loss  
of the protective effect of p53 [47].
Another common feature is that they have com-
mon surface markers. CD34 is present both on the 
surface of haematopoietic stem/progenitor cells 
(HSPCs) and, judging by numerous reports, on the 
surface of CSCs [48]. An important common feature 
of both normal stem cells and CSCs is that both types  
of cells inhabit niches, i.e. specialised microenviron-
ments, which consist of fibroblasts, immune cells,  
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endothelial cells, perivascular cells, extracellular 
matrix (ECM) components, cytokines, and growth 
factors [49].
Therefore, there are reasons to believe that cells in 
the niche, activated by the tumour, support not only 
normal stem cells but also CSCs in the development 
of its characteristic features [50].
It is worth mentioning that mesenchymal stem 
cells (MSCs) interact with both adult stem cells and 
CSCs in the microenvironments of both those cell 
types and mobilise them to secrete cytokines such 
as IL-10 and TGF-β. These actions are aimed at 
stimulating CD4+ T-cells to their anti-inflammatory  
phenotype [51].
Both stem cells and CSCs are characterised by a sim-
ilar transcriptional profile. Even signalling pathways 
such as Wnt and Notch are active among both stem 
cells and CSCs, which increases their ability to prog-
ress [52].
Thirdly, normal cells capable of proliferation such  
as immune cells and stem cells can reprogram their 
metabolism similarly to cancer cells [53]. Cancer 
cells show a preference for a metabolism focused  
on glycolysis in terms of obtaining energy, even  
in the presence of oxygen [54].
Although this process is less efficient than oxida-
tive phosphorylation in the context of obtaining 
ATP molecules, cancer cells compensate for this  
by increasing the rate of glycolysis and thus in-
creasing the rate of obtaining ATP [55]. In addition  
to ATP, cancer cells require intermediate products 
and precursors that are important for the biosyn-
thesis of macromolecules necessary to increase tu-
mour mass, with reduced demand for nutrients [56].  
A similar metabolic plasticity is demonstrated  
by haematopoietic stem progenitor cells (HSPCs), 
which are able to obtain ATP through mitochon-
drial respiration and glycolysis. Due to their small 
mitochondrial mass, their metabolism is maintained 
mainly by glycolysis [57].

Metastatic niche and the role of cancer stem cells 
in metastasis formation

Cancer cells may spread to distant organs from 
the primary tumour, leading to cancer dissemina-
tion, and consequently to the patient’s death. This 
phenomenon is called metastasis [58]. Metasta-
sis is associated with detachment of the cells from  
the primary tumour mass. This is followed by local 
infiltration and angiogenesis. In the next stage, can-
cer cells move to blood and lymphatic vessels, and 
from there they begin to invade distant organs [59].
At each stage, the process of cancer metastasis and 
progression is supported by suppressing the host’s 

immune system. This is possible by stimulating im-
munosuppressive cells and inhibiting immune effec-
tor cells [60].
There are several hypotheses regarding the me-
tastasis process, including: EMT, altered integrin 
expression, a macrophage facilitation process, and  
a macrophage origin involving either transforma-
tion or fusion hybridisation with neoplastic cells and 
microRNAs (miRNAs) [61–63]. There are also muta-
tions in genes encoding proteins that determine the 
invasive potential of the tumour, such as mutation 
of p53 (TP53), cyclin-dependent kinase inhibitor 
2A (CDKN2A), phosphatase and tensin homologue 
(PTEN), and phosphatidylinositol-4,5-bisphosphate 
3-kinase catalytic subunit α (PIK3CA) [64].
Among many models of metastasis, there is also 
one based on the premise that the metastasis pro-
cess can be initiated by CSCs [65]. CSCs show in-
creased EMT activity. EMT also contributes to the 
development of a CSC-like phenotype in cells other 
than CSCs [66]. EMT also contributes to the loss  
of epithelial adhesion receptors, such as E-cadherin, 
occludin, α-catenin, and claudin, and consequently 
the loss of cell polarity. The consequence of this pro-
cess is an increase in the invasiveness of cancer cells 
[67]. Through numerous transcription factors, EMT 
also influences the maintenance of the proper struc-
ture of the cytoskeleton and extracellular matrix 
degradation [68]. The intensified process of destruc-
tion of the normal matrix favours its replacement 
by the cancer matrix. Additionally, this process may 
lead to the destruction of the basement membrane, 
which further enhances the metastatic process [69].
When analysing the metastasis formation process, 
it is worth taking a closer look at microRNA It is  
a short sequence RNA, the main purpose of which  
is post-transcriptional silencing of selected genes 
[70]. miRNA is involved in cancer progression and 
metastasis, and it enables contact between cancer 
cells and the TME [71].
According to the latest research, miRNAs can influ-
ence CSC properties such as tumourigenesis, self-re-
newal, and resistance to cytotoxic treatment, thereby 
enhancing cancer progression [72]. Increased resis-
tance to chemotherapy and radiotherapy in CSCs  
is also explained by increased expression of anti-
apoptotic proteins and increased levels of ATP-
binding cassette transporters [73]. It is currently 
believed that ATP-binding cassette transporters may 
be involved at every stage of tumourigenesis, includ-
ing metastasis [74].
As seen above, the metastasis process is a complex 
process that consists of many factors and mecha-
nisms. However, the metastasis formation is not only 
limited to changes that occur in tumour cells, but  
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[86]. The tumour microenvironment is, as we know, 
a place rich in factors promoting tumour prolifera-
tion and metastasis. Uncontrolled growth is a natural 
consequence of tumorigenesis, but it is also associ-
ated with an increased demand for oxygen and gener-
ates problems in its supply. It therefore appears to be 
a natural phenomenon that the tumour environment 
is in a state of chronic hypoxia [87]. To counteract 
hypoxia and acidification, TME stimulates angiogen-
esis, a process that allows the tumour to create ves-
sels supplying the tumour with oxygen and nutrients, 
while removing unnecessary and harmful metabolic 
products [88].
Because this phenomenon is crucial in tumour pro-
gression, it has become the subject of many studies. 
It was hypothesised that even if angiogenesis inhibi-
tors were used and oxygen-poor conditions were cre-
ated, the tumour mass would continue to grow due 
to CSCs and the associated activation of the Akt/β 
catenin pathway. Later studies drew attention to the 
fact that cancer stem cells produce vascular endo-
thelial growth factor (VEGF) at much higher levels 
under various environmental conditions compared 
to SCs [89]. It promotes angiogenesis and has mi-
togenic and anti-apoptotic effects. Additionally,  
it increases vascular permeability and promotes cell 
migration [90].
However, the functions of VEGF go beyond the abil-
ity to perform angiogenesis. It exhibits paracrine 
and autocrine signalling because it can modulate 
the host response to cancer by influencing immune 
cells in the microenvironment, and VEGF receptors 
modulate the function of fibroblasts in the tumour 
stroma. This is believed to be one of the mechanisms 
for maintaining the capacity of CSCs [91]. There  
is a correlation between the number of CSCs in tu-
mour tissue and the number of immune cells that  
infiltrate the tumour. It is suspected that CSCs im-
pair the process of antigen presentation to T lym-
phocytes using MHC-I. This leads to the develop-
ment of resistance to the cytotoxic effects of CD8+  
T lymphocytes [92].
Dendritic cells (DCs) are the main elements of the 
adaptive immune response and have the ability  
to activate T lymphocytes, which is a defence mech-
anism against cancer. Of course, cancer can affect  
DC functions by preventing their maturation or 
through molecules originating from the microenvi-
ronment, inhibiting their activation [93].
Moreover, cancer-altered DCs may even promote tu-
mourigenesis. Recent studies based on renal cancer 
draw attention to the role of CSCs in this process. 
Renal cancer cells that expressed the surface marker 
CD105 blocked the maturation of monocyte-derived 
DCs in vitro at a higher rate than tumour cells 

it additionally requires interaction with stromal cells 
at both the local and systemic levels [75]. It is there-
fore worth looking at the TME, which plays a decisive 
role in cancer progression. The relationship between 
cancer cells and the TME is inseparable. This is pri-
marily observed in the context of reprogramming  
of the TME by tumour-derived factors by which the 
microenvironment enables its survival [76]. 
There are reasons to believe that the environment 
has a special impact on cancer cells, thanks to which 
they acquire the features of “stemness” [77]. It is 
even believed that the tumour microenvironment  
induces a change in the phenotype from differenti-
ated cancer cells to CSCs, and this plasticity particu-
larly influences resistance to therapy [78].
It is well known that CSCs live in a special microen-
vironment, which can be called the “stem-cell niche”, 
and their survival is conditioned by various factors 
from the niche, which act directly or in a paracrine 
manner [79]. The entire tumour microenvironment 
consists of fibroblasts, endothelial cells, immune 
cells, and extracellular factors such as hormones, 
growth factors, cytokines, extracellular matrix, 
etc. The role of the TME is particularly important  
in the process of metastasising, and it influences  
the resistance to anti-cancer therapy [80]. Cancer 
cells activate stromal cells in the microenviron-
ment, i.e. fibroblasts, smooth cells, adipocytes, mes-
enchymal, progenitor, and inflammatory cells. They,  
in turn, stimulate the secretion of growth factors 
and proteases, creating something like a chain reac-
tion in the carcinogenesis process [81].
Fibroblasts are the key component of the TME. 
Cancer-associated fibroblasts (CAFs) belong to the 
stromal cells. They secrete the extracellular matrix 
components, creating a dense tumour network, and 
contribute largely to tumour progression [82]. Can-
cer cells can move along collagen fibres and spread 
further. Additionally, CAFs and cancer cells support  
the release of matrix metalloproteinases (MMPs), 
which degrade of the basement membrane, support-
ing cancer spread [83]. According to some studies, 
especially concerning breast cancer and hepatocel-
lular cancer, it was observed that CAFs can produce 
mechanisms of resistance to chemotherapy and in-
duction of CSCs [84]. This most likely occurs through 
the interaction of hepatocyte growth factor (HGF), 
IL-6, TGF-β, chemokines, and factors activating  
Wnt signalling provided by CAFs [85].
One of those factors is periostin, which is secreted, 
among others, by CAFs. It can activate the PI3K/Akt 
and/or Wnt/β-catenin oncogenic pathways. There-
fore, because those pathways are pathologically dys-
regulated in CSCs, it may be speculated that perios-
tin, and thus CAFs, enhance the activation of CSCs 
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al or the ability to initiate cancer, and an increased 
expression of genes involved in EMT [103].
In superficial papillary carcinomas, the origin is 
sought among intermediate cells. But even their 
morphological structure resembles a normal epithe-
lium with a basal layer. This involves questioning 
the theory that the intermediate cell is a universal 
cell in the context of cancer formation. Believing 
in the existence of a universal cell and trying to ex-
plain the existence of a basal-like target in NMIBC, 
it should be noted that in the basal layer of papillary 
carcinoma regeneration occurs through a process  
of dedifferentiation, and the microenvironment most 
likely contributes to this process [104].

Colon cancer

In the United States, colorectal cancer is the third 
most frequently diagnosed cancer and the third lead-
ing cause of cancer death among men and women 
[105]. It is expected that by 2035 in the world there 
will be up to 2.5 million new cases of this type  
of cancer, which makes it a significant global problem 
that should be a focus of attention of researchers in 
the context of searching for new therapeutic meth-
ods [106]. Therefore, it seems important to under-
stand the structure of cancer and the mechanisms 
that contribute to its development.
It is highly probable that CSCs are present in colorec-
tal cancer, and further, they have been identified  
as one of the causative factors capable of develop-
ing the tumour [107]. It is even believed that CSCs  
are mainly responsible for cancer progression, in-
cluding the ability to metastasise and their resis-
tance to therapy [108].
Under normal conditions, stem cells present at the 
bottom of the colon crypts divide and give rise to 
daughter cells. These cells migrate upwards, differ-
entiate, and replace old epithelial layer cells. Some-
times, however, this process may be disturbed. It is 
suspected that CSCs are formed under the influence 
of the microenvironment, leading to abnormal divi-
sions and thus tumourigenesis [109].
When considering CSCs and their role in the de-
velopment of colorectal cancer, it is worth tak-
ing a closer look at leucine-rich-repeat-containing  
G-protein-coupled receptor 5 (Lgr5), which is a pro-
tein that is expressed in columnar cells in intestinal 
crypts. Crypt base columnar cells with positive Lgr5 
show features of stem cells, and they were identified 
as a potential stem marker in cancer [110]. More-
over, in the progression of colorectal cancer and its 
metastases, a hierarchical structure characteristic  
of CSCs was noticed, while functional CSCs them-
selves showed expression of Lgr5 [111].

negative for this marker. This is important because 
CD105 is also a surrogate marker for CSCs [94].
We can also distinguish tumour-associated macro-
phages (TAMs) among the immune cells in the TME. 
They can enhance immunosuppression, the process 
of vascular formation, and the proliferation of cancer 
cells, and thus may increase the tumour mass and 
the probability of metastasising [95]. TAMs have 
protective functions towards CSCs against chemo-
therapy, thus driving therapy resistance. Addition-
ally, TAMs increase the ability of CSCs to initiate 
tumourigenesis [96].
The state of the CSC is regulated by many different 
signals from the niche. One of them is transform-
ing growth factor β (TGF-β), a cytokine that gives 
CSCs drug resistance [97]. TGF-β determines the 
low immunogenicity of CSCs compared to non-CSCs.  
The same effect is exerted by the other cytokines 
like IL-4 and IL-10, which also have immunosup-
pressive effects, and high expression of which is ob-
served in CSCs [98]. One of its many functions is to 
stimulate the production of T-reg cells, the function  
of which is to suppress the immune response against 
the tumour [99].

Bladder cancer

In 2018, bladder cancer was the 10th most common 
cancer in the world, with a predominance among 
men. In this sex, bladder cancer was the sixth most 
common cancer [100]. In the case of non-muscle 
invasive bladder cancer (NMIBC), the first-line 
treatment is bladder-sparing therapy. If the muscle 
layer becomes infiltrated, as in the case of muscle-
invasive bladder cancer (MIBC), cystectomy is per-
formed along with lymph node dissection (LND). 
The inclusion of neoadjuvant chemotherapy further 
improves the prognosis. Although the combination  
of these 2 methods is a standard approach in the case 
of MIBC, it remains controversial [101].
If metastases occur, cytotoxic chemotherapy based 
on cisplatin is initiated. Despite that, some patients 
experience relapses and develop resistance to thera-
py. The utilisation of chemotherapy itself is associ-
ated with many side effects, most importantly with 
renal toxicity [102].
Therefore, it seems extremely important to search 
for novel, targeted methods of treatment of bladder 
cancer, based on better understanding its biology.  
It is crucial to look at its development and progres-
sion, including metastatic pathways.
The presence of CSCs was also discovered in bladder 
cancer, where they showed typical CSC surface mark-
ers such as CD44, CD133, ALDH1, SOX2, and SOX4, 
and a set of characteristic features such as self-renew-
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newal capacity of CSCs. It influences the production 
of CSCs from normal stem cells or non-CSCs cell 
populations, contributing to their resistance to anti-
cancer therapy [118].
Moreover, myofibroblasts present in the niche are 
able to stimulate the Wnt pathway, thereby restoring 
the CSCs phenotype in more differentiated tumour 
cells by secreting HGF [119].

Breast cancer

Breast cancer is the most frequently diagnosed can-
cer in the world and is currently the leading cause 
of cancer-related death among women [120]. Accord-
ing to statistics from 2017 approximately 1.7 million 
new cases of breast cancer are diagnosed worldwide 
each year [121].
Its treatment depends on the stage. There are many 
treatment methods, such as radical surgery, radio-
therapy, hormone therapy depending on the receptor 
status, immunotherapy, chemotherapy, or a combi-
nation of several methods [122].
Randomised, controlled trials show that widespread 
screening with and introduction of novel, targeted 
therapies have led to a reduction in breast cancer 
mortality [123].
However, this does not change the fact that breast 
cancer is a significant social problem, and every ef-
fort should be made to ameliorate our understanding 
of the mechanisms of cancer formation and metas-
tasis in order to further develop novel therapeutic 
methods.
Despite all the abovementioned, resistance to ther-
apy is still observed. In the course of diagnostics  
on the specificity of this cancer, a small group of can-
cer stem cells was identified in the breast tumour – 
breast cancer stem cells (BCSC). It is suspected that 
those cells are the cause of resistance and recurrence 
of cancer [124].
In BCSCs, we are able to observe the functioning  
of signalling pathways such as Notch, Hedgehog, 
Wnt, etc. [125]. Those pathways are important and 
recognised modulators of CSCs function. Thanks  
to them, BSCSs are able to maintain their unique 
characteristics. 
Moreover, BCSCs interact with immune system cells 
and host cells, creating a picture of the tumour mi-
croenvironment. This complex signalling between 
microenvironmental cells and BCSCs leads to tu-
mour initiation and progression [126].
Cancer cells are surrounded by normal tissue 
and CAFs, endothelial cells, and ECM, which to-
gether with immune cells create the abovemen-
tioned evolving environment. Breast tumours show  
a certain phenotypic plasticity, which is achieved 

Based on the research, it was also discovered that 
Lgr5-negative tumours sometimes progress, but 
even then, those cells, just like Lgr5-positive cells, 
have increased rDNA transcription and protein 
synthesis at a level similar to that of stem cells. 
This is related to microenvironmental signalling 
and the induction of a certain plasticity of tumour 
cells [112].
It is worth mentioning that Lgr5 stimulates canoni-
cal Wnt/β-catenin signalling [113], which has a prov-
en impact on the formation of CSCs.
Baker et al. noticed that the introduction of the 
APC (adenomatous polyposis coli) mutation into  
Lgr5-positive cells in mouse bodies resulted in the 
formation of adenomas in the small and large intes-
tine. Thanks to this, the process was better under-
stood, and it was demonstrated that mutated CSCs 
with a positive Lgr marker may be cancerous [114].
The existence of the 22-kDa transmembrane-4-L-six-
family member-1 (TM4SF1) protein, which consists 
of 4 transmembrane domains, may also be crucial 
in explaining this process. The protein itself is of-
ten called tumour-associated antigen L6, and its 
increased expression is observed in many cancers, 
including colon cancer [115]. TM4SF1 is associated 
with many tumour characteristics, such as growth, 
invasiveness, and metastatic ability [116].
A study was conducted to look for the function  
of TM4SF1 in the process of chemotherapy resistance 
with the help of fluorouracil. Silencing TM4SF1 re-
sulted in reduced expression of surface markers 
CD133, CD44, SOX2, and ALDHA1. When this in-
termembrane protein was overexpressed, CD133 
and SOX2 were increased [117]. 
The aforementioned markers are characteristic  
of CSCs. The ability of TM4SF1 to interfere with  
the expression of these surface molecules demon-
strates that it has an impact on maintaining tumour 
stemness and is important for CSCs-dependent CRC 
progression.
Further research using RNA-Seq to identify the 
differentially expressed genes (DEGs) attempted  
to discover the connection between TM4SF1, EMT, 
and cell stemness. It turned out, based on gene set 
enrichment analysis (GSEA), that CRC with sup-
pressed TM4SF1 showed significant disruptions  
in the Wnt pathway and a reduction in β-catenin lev-
els, but stimulation of the Wnt/β-catenin pathway 
could reverse the effects of TM4SF1-deficiency [117]. 
Therefore, both this signalling pathway and the pro-
tein seem to be closely related.
The Wnt/β-catenin pathway is one of the main 
pathways involved in the development of colorec-
tal cancer. This pathway also regulates CSCs and  
is an important factor for maintaining the self-re-
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This module is an important marker of clonal ex-
pression of transit-amplifying cells (TACs) and their 
interaction with stem cells. The active EGFR–HER2 
complex of TACs modulates the functioning of pro-
genitor cells and promotes their dedifferentiation 
into stem cells. TAC itself is an intermediary in the 
transition between stem cells and differentiated 
cells, and therefore participates in the process of tu-
mour formation [132].
There are reports that under the influence of frac-
tional irradiation, the level of reactive oxygen spe-
cies decreased in cancer stem cells in breast cancer 
compared to the level in differentiated cancer cells, 
which suggests a certain mechanism of resistance to 
radiotherapy. However, treatment with multidrug 
CT, in addition to promoting CSCs markers, led to an 
increase in the number of CSCs of non-stem origin. 
This process was probably dependent on the influ-
ence of CSCs [133].

Conclusions

The sole existence of cancer stem cells has been prov-
en beyond reasonable doubt. In a variety of cancers 
CSCs have been identified and phenotypically char-
acterised. It is evident that they are an important 
part of the complex interplay between signal trans-
duction pathways, cytokine and chemokine interac-
tions, and epithelial-mesenchymal transition. How-
ever, their exact role in the carcinogenesis remains 
unclear. Similarly, they evidently play part in the me-
tastasis formation process; however, data are scarce 
and more speculative than conclusive. The question 
of whether CSCs play a key role in carcinogenesis 
and metastasis requires further extensive research.
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thanks to numerous signals from the tumour micro-
environment that influence their adaptation to the 
ecological niche of the tumour [127].
Long non-coding RNA (lncRNA) represents the larg-
est class among non-coding RNA subtypes. It plays 
an important role in the regulation of transcription 
and post-transcriptional mechanisms. Its participa-
tion is observed in processes such as proliferation, 
apoptosis, and cellular differentiation [128].
IncRNAs are hypothesised to be involved in “stem-
ness” maintenance. Their dysregulation is observed 
in CSCs. Although they are found in low quantities, 
there are reports describing lncRNAs that are spe-
cific to BCSCs. When analysing IncRNA, one may 
come across IncROPM (a regulator of phospholipid 
metabolism), related to PLA2G16 and thus to phos-
pholipid metabolism. Some studies suggest that ln-
cROPM may up-regulate the expression of PLA2G16 
by stabilising PLA2G16 mRNA. This causes a change  
in phospholipid metabolism and the production 
of free fatty acids, in particular arachidonic acid, 
which is able to activate PI3K/AKT, Wnt/β-catenin, 
and Hippo/YAP signalling pathways [129]. These 
pathways are, of course, closely related to CSCs, de-
termining their specific features.
The group of researchers also noted that luminal  
or basal-like breast tumour may arise from mu-
tations of phosphatidylinositol-4,5-bisphosphate 
3-kinase catalytic subunit α (PIK3CA) in mamma-
ry luminal stem cells. Moreover, it is believed that 
basal-like cancer with a BRCA1 mutation could 
arise from basal stem cells, and the loss of BRCA1 
leads to uncontrolled division of stem cells, and the 
population of cells with this mutation gives a chance  
to develop cancer [130].
When analysing the process of breast cancer devel-
opment, it is crucial to mention the EGFR-HER2 
module. HER2 is an epidermal growth factor whose 
overexpression is observed in 20% of breast can-
cers. It can form heterodimers with EGFR, HER3,  
or HER4. The heterodimerisation process is be-
lieved to be one of the mechanisms of resistance  
to anticancer therapy in cancers with HER2 over-
expression [131].
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