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Abstract

There are emerging data shows that different types of malignancies arising from cells called cancer initiating cells,
which have self-renewal and tumorgenesity properties. Acquiring these properties make them able to initiate and
transmit cancer. These cells are identified in different types of malignancies like stomach, colon, brain, breast and
others. This review aims to identify the signaling pathways, which are involved in emerging these cells. Highly impact
research papers regarding this subject were collected from trusted data base for analyzing. Analyzing these data
identified that Notch, Hedgehog, high mobility group A2 (HMGA2), wingless/Int (Wnt)/B-catenin and epithelial
mesenchymal transition (EMT) are the main signaling pathways, which are involved in this process. Targeting these
signaling pathways will be a great technique to inhibit the formation of these cells. This will apply clinically as a
treatment in different types of cancers and will be of great importance in treatment of cancers resisting

chemotherapy.
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Introduction

he concept of cancer initiating cells or

what is called cancer stem cells (CSCs)

and their role in initiation and
progression of cancer become widely accepted
in the area of cancer research. Stem cells,
which initiate cancer, can be defined as “the
cells, which have both self-renewal and
differentiation capability” V). Identification of
these cells were proved in different types of
cancers like brain cancer, colorectal cancer,
gastric cancer, and bronchogenic carcinoma.

CSCs are similar to the normal stem cells in
main properties, which include self-renewal
and differentiation and differ from these cells
by their ability to initiate and metastasis cancer
() Glycosylation is another new feature that
can differentiate CSCs from normal stem cells,
which proved by recent research ©). In
addition, CSCs can be identified and isolated
from cancerous tissues by expression of their
specific cell surface markers like CD24, CD29,
CD44, CD 13, CD133, CD117, CD90 ¥,

There are two different explanations to the
origin of CSCs and both of them are accepted in
the area of cancer research. Stem/progenitor
cells can be the source of CSCs, also these cells
can be derived from terminally differentiated
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cells by acquiring several genetic lesions ). For
last decades, researchers focused on studying
these cells and try to uncover their role in
different types of cancers, identifying their
target genes and the way by which these cells
exert their pathological roles.

This review aims to identify the signaling
pathways, which are involved in initiating and
regulating the function of cancer stem cells. To
achieve this aim, Academic published papers
related to this subject were collected from
PubMed data base and analyzed to identify the
most involved signaling pathways. The target
transcripts were published between (2009-
2022). ldentifying these signaling will assist the
scientists to develop treatments that
antagonize the genes that involved in each
pathway, subsequently inhibit this system and
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recover the patients with different types of
cancers.

Signaling pathways of CSCs

There are growing evidences support that
normal stem cells and CSCs act through the
same signaling pathway, which is ultimately
lead to the regulation of tumorigenic and
metastatic properties of these cells ®). Notch,
Hedgehog, HMGA2, Wnt/B-catenin, Bcl-2, Bmil-
1 signaling all are involved in this pathway ).
On normal mammary stem cells, Notch
signaling have been implicated in promote self-
renewal so that participate in development of
breast tissue ®. Studies on cancer tissues

showed that this pathway is upregulated in
breast cancer ) and colonic cancer (19 (Figure
1).

Figure 1. Signaling pathways that involved in regulation cancer initiating cells

Hedgehog signaling has implicated in self-
renewal and the evidence, which shows the
importance of this pathway in normal stem
cells, appears when Drosophila ovarian stem
cells cannot proliferate in vitro without
Hedgehog signaling 1Y), Studies on cancerous
tissues reveal that this pathway is up regulated

in colon cancer 12 pancreatic cancer (13,
Furthermore, studies showed that the
upregulation of these pathways is not the same
all over the cancerous tissues and it appear
significantly upregulated in CSCs (4. The
upregulation of Hedgehog signaling pathway is
more in pancreatic CSCs than in the other
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surrounding tumor tissue (%, Moreover,
researchers state that Hedgehog pathway plays
essential role in self-renewal properties of both
normal and CSCs of breast tissue (%),
Wnt/B-catenin pathway is essential for normal
stem cells development (18), Study stated that
this pathway is necessary for normal colonic
stem cells 7). In addition, the same study
demonstrated that the Wnt pathway is
upregulated in colonic cancer tissue and
colonic cancer stem cells showed more
expression to this pathway than the
surrounding malignant tissues (7). This study
also concluded that CSCs of colonic cancer can
be created from more differentiated tumor
cells by enhancing Wnt activity 7). Its role is
also documented in breast cancer stem cells; it
plays a crucial role in stemness by targeting the
microenvironment (18),

Bcl-2 has been investigated in both normal
stem cells and CSCs. Studies revealed that the
Bcl-2 protein family is essential to maintain the
balance between cells survival and apoptosis
(19, Bcl-2 is a crucial for survival of
hematopoietic stem cells, renal epithelial
progenitors, melanocyte progenitors (20),
Research demonstrated that leukemic CD34+
progenitor cells are highly expressed Bcl-2 and
the level of expression is much higher than in
more differentiated malignant cells (1),
Furthermore, data revealed the higher
expression for this protein family in breast CSCs
than other breast cancer tissue (22,

Another regulator of stemness is Bmi-1, which
is belong to the Polycomb group of
transcriptional suppressors, it is also one of
epigenetic factors 23, Its role in maintain self-
renewal feature of stem cells has been widely
understood in different types of normal and
malignant tissue. Self-renewal and
maintenance of stem cells have been strongly
related to stabilizing the level of Bmi-1 (24,
Suppression the level of Bmi-1 inhibits the
ability of colorectal CSCs to self-renewal and
lead eventually to block their tumorigenicity
(25 Moreover, exposure of colorectal cancer
xenografts to the BMI-I inhibitor result in long

term cancer free graft %), It is clear that the
signaling pathways, which regulate the
stemness features of stem cells will enhance
tumor formation and even lead to develop
CSCs from more differentiated cells.

Epithelial-mesenchymal transition (EMT) is a
new pathway to generate cancer cells with
stem cell-like properties

Involving of EMT in tumor development,
metastasis and resistance to the therapeutic
treatment extends to include its ability to
create cells with stem like properties from
more differentiated tumor cells. EMT can be
defined as “the ability of some cancer epithelial
cells to lose their differentiated properties and
instead have the mesenchymal features, which
include liability to motile, invade and a resist
apoptosis” (7). Several studies focused on
impacts of this complex system on the several
types of the tumors. Researchers
demonstrated that the patients with non-small
cell lung cancer who showed bad prognosis is
due to promoting tumor EMT (28
Furthermore, proved data demonstrated that
EMT promotes invasiveness and metastasis of
nasopharyngeal carcinoma both in-vitro and in-
vivo 2 Other evidences start to accumulate
regarding the crucial role of EMT in
development of CSCs from more differentiated
cells. For example, EMT generates CSCs from
more differentiated tumor cells by promoting
factors Snail or Twist and this process will
revert when EMT signaling are not sustained
(30 |n addition, restoration of clonogenic
potential of differentiated colonic cancer cells
and re expression of CSCs markers in these
cells is achieved by exposure of these
terminally differentiated cells to myofibroblast-
conditioned medium myofibroblast-
conditioned medium (MFCM) G, Moreover,
data verified that non-stem cells are liable to
convert to stem cells wunder several
circumstances (31,

Despite the fact that the initiation and
maintain the EMT involve a network of
interactions in which tumor growth factor B
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(TGFB) is critical inducer of such process,
Notch, Wnt and Hedgehog signaling can induce
and regulate the EMT through complex
processes (32, TGFB can induce EMT by
producing multiple signaling, which are finally
led to phosphorylate suppressor of mothers
against decapentaplegic (SMAD) transcription
factors and certain cytoplasmic proteins which
are involved in maintain cells polarity and cells
adhesion properties ©3). Enhancement of
nuclear factor-KkB  (NF-KB) pathway or
activation of TGFB is the way in which Notch
signaling pathway induce EMT (7). Wnt signaling
pathway act by inducing specific genes' crucial
role to induce EMT, this happens by increasing
the level of B-catenin, which consequently
translocate to the nucleus #4. Sonic Hedgehog
pathway, controls EMT by knockdown E-
cadherin expression ®%). It is obvious that the
signaling pathway, which regulates the cancer
stem cells properties, can also regulate the
EMT program.

Applying the signaling pathways in colonic
CSCs development as an example

Studies on both mice and human being
demonstrated that Wnt and Notch signaling
are involved more than other signaling
pathways in both normal and CSCs of colonic
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tissue (6. Pathway involving canonical Wnt
signaling is involved extensively in regulation
normal intestinal stem cells and more recently
colonic CSCs 3%, Wnt exert its effect on
intestinal hemostasis via regulation of stem cell
loop G7). In addition, Wnt is involved in the
development, maintenance and proliferation of
intestinal crypts 37). This pathway involved in
colon cancer by implication of adenomatous
polyposis colorectal (APC) gene as the main
cause of familial adenomatous polyposis
syndrome, this disease, which is in turn
predispose to the colon cancer (7).

Other pathway, which participate in regulation
of intestinal stem cells is Notch; its role is
proved in research, for example, specifying the
lineage differentiation and promoting the self-
renewal of colonic stem cells are attributed to
Notch signaling pathway (8. Moreover,
stimulation of progenitor cells proliferation and
division occur due to activation of this pathway
(™). Furthermore, over expression of this
pathway raise the clonogenicity and minimize
the programmed cell death in colonic cancer
39, Wnt and Notch signaling pathways can
interact with each other to exert more

regulatory process on colorectal cancer stem
cells ) (Figure 2).

Figure 2. The main signaling pathways that involved in regulation of colonic cancer initiating
cells
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Conclusion

It

is clear that CSCs developed and act via

Notch, Hedgehog, HMGA2, Wnt/B-catenin, Bcl-

2,

Bmil-1 and EMT. These signaling are

involved in normal stem cells formation and
function too. From above published data, it is
clear that Wnt and Notch signaling pathways
are the most studied pathways in mechanism

of

Understanding the pathways that

colon cancer stem cells regulation.

lead to

develop CSCs is very essential to target these
cells as treatment for different types of
malignancies especially those with resistance
to chemotherapeutic treatment.
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