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Abstract

Cancer is one of the leading causes of death worldwide. Recent report from the
World Health Organization suggested that, globally, one in six deaths is owing to
cancer. In 2018, it was accountable for nearly 9.6 million deaths, and it is
expected to be 14.6 million by the year 2035. The worldwide burden of cancer
increase is due to aging and growth of population. In addition, cancer-associated
lifestyle choices like smoking, sedentary habits and westernized diets increases
the risk. Metastasis is complex and multistep process that results in the spread of
cancerous cells from the primary site of the tumor to the surrounding tissues and
to distant organs. Metastatic cancer is the primary cause of cancer morbidity and
mortality. Several studies suggest that tumor has heterogeneous cell population
and have numerically less cancer stem cell (CSC) population with self-renewal
characteristics. CSCs are shown to drive tumor initiation, progression, metastasis,
recurrence, and resistance. In addition, acquisition of epithelial-mesenchymal
transition, expression of aberrant RNA-binding proteins, dysregulated
microRNA expression, and increase in intercellular transfer of molecules via
exosome cargo have been correlated with tumor progression, invasion, metasta-
sis, poor survival, and an increased risk of cancer recurrence. Given the tumor
initiating capacity, resistance, migratory potential and invasiveness, CSCs are the
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seeds of metastasis. This review article attempts to provide the details of the
critical importance of CSCs on metastatic process and to offer a basis for the
investigation of novel targets to curtail this deadly disease.
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12.1 Introduction

Cancer is one of the leading causes of death worldwide [1]. Recent report from the
World Health Organization suggested that, globally, one in six deaths is owing to
cancer. In 2015, it was accountable for nearly 8.8 million deaths, and it is expected to
be 14.6 million by the year 2035. The worldwide burden of cancer increase is due to
aging and growth of population. In addition, cancer-associated lifestyle choices like
smoking, sedentary habits, and westernized diets increases the risk. Cancer is a
complex disease with various cellular alterations that will result in self-sufficiency in
growth signal leading to abnormal cell growth, evading apoptotic and growth
suppressor signals, and increased angiogenesis, wherein, network of blood vessels
develop and penetrates into the tumor to supply nutrients and oxygen for the
cancerous cells. Some of the tumor cells invade surrounding tissues and distant
organs through the blood circulation or lymph vessels. This spread of cancer cells
from primary tumor to other sites is termed metastasis, which is shown to be
responsible for more than 90% of cancer-related death. Cancer stem cells (CSCs)
are cells within a tumor that exclusively have self-renewal capacity and can give rise
to all cancer cell lineages within a tumor and are exclusively tumorigenic in vivo.
They undergo asymmetric/symmetric cell division, can maintain and expand them-
selves, and also have a distinct profile of surface marker expression that has been
linked to poor prognosis [2]. Intriguingly, it has been shown that CSCs drive tumor
initiation, progression, metastasis, recurrence, and resistance. Identification of
CSC-specific surface markers has provided opportunity to characterize CSCs and
their role in tumor progression and metastasis. In addition, acquisition of epithelial-
mesenchymal transition (EMT) features, expression of aberrant RNA-binding
proteins, dysregulated microRNA expression, and increase in intercellular transfer
of molecules via exosome cargo have been correlated with tumor progression,
invasion, metastasis, poor survival, and an increased risk of cancer recurrence.
Given the tumor initiating capacity, resistance, migratory potential and invasiveness,
CSCs are the seeds of metastasis [3]. This review article attempts to provide the
details of advances in the role of CSCs on metastatic process that will aid in better
understanding of the involvement of cancer stem cells (CSCs) in the metastatic
processes and to offer a basis for the investigation of novel targets to curtail this
deadly disease (Fig. 12.1).
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12.2 Epithelial-Mesenchymal Transition in Regulation of CSCs
and Metastasis

Epithelial-mesenchymal transition (EMT) is a process where the cancer epithelial
cells lose many of their epithelial characteristics and acquire various mesenchymal
cell characteristics such as cell morphology, cytoskeletal organization, and cell
junctions that will enable cell invasion and migration. Cancer cells have been
observed in the circulation, whether as single or in clusters; these cells display
signs of at least partial epithelial-mesenchymal transition [4]. Earlier reports have
provided evidence that in the tumor, only CSC-enriched subpopulation exhibits
aspects of EMT-related gene activation [5, 6]. In addition, induction of
EMT-related gene expression in epithelial tumor cells has increased their capacity
for tumor progression and metastasis [7]. Eliminating CSCs alone will not be
sufficient to prevent tumor recurrence as the non-CSCs can undergo EMT and
dedifferentiate into CSCs [8]. Therefore, for effective cancer therapeutic strategy,

Fig. 12.1 Schematic representation for cancer metastasis
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both CSCs and non-CSCs should be simultaneously targeted. We have listed the
most important CSC markers for various cancer subtypes (Table 12.1).

The traits of EMT are the loss of epithelial cell surface marker, E-cadherin, and
the gain of mesenchymal traits [28]. The initiating factors are seen to be mostly
because of networks of transcriptional, translational, posttranscriptional, and post-
translational modifications seen in the cells [29]. The ALDH+ cells strongly
displayed stem cell-like properties plus higher invasiveness, EMT, and antiapoptotic
phenotypes [30]. In the case of human breast cancer cells, it was observed that a
small population of cells, which exhibited EMT, also displayed stem cell-like
phenotypes. Fascinatingly studies performed in transgenic cancer models in combi-
nation with S100A4 lineage tracing have stated that EMT of the breast cancer cells is
not responsible for their metastasis to the lungs, but they had a significant role in
promoting chemoresistance. The lowering the levels of E-cadherin in the mouse
models showed that inhibition of the epithelial traits may promote migration but
does not result in metastasis [31]. CD44 is a popular cell surface glycoprotein, which
is strongly associated to the stemness of the cancer and its aggressiveness. In the case

Table 12.1 Cell surface markers of CSCs in different types of cancer

Cancer types Cell surface markers of CSCs References

Acute Myeloid Leukemia CD34+, CD38� Won-Tae Kim and Chun Jeih
Ryu [9]

Cervical cancer CD133+ and CD49F Ruixia Huang and Einar
K. Rofstad [10]

Bladder cancer CD44+ and CD67LR Yi Li et al. [11]

Oral squamous cell
carcinoma

CD44+ Weiming Lin et al. [12]

Renal cell carcinoma CD133+, CXCR4, CD105+ Zhi-Xaiang Yuan et al. [13]

Hepatic/liver cancer Laminin-332 Olivier Govaere et al. [14]

CD133+, ALDH+, CD45�,
CD90+, and CD44+

Jing-Hui Sun et al. [15]

Esophageal squamous cell
carcinoma

Integrin X7 (ITGA 7) Xiao-Yan Ming et al. [16]

Colon cancer CD133+, CD44+, and CD24+ Sahlberg SH et al. [17]

Lung cancer CD133+, ABCG2 (high) Shaheenah Dawood et al.
[18]

Thyroid cancer CD133+ and CD144+ Zhenying Guo et al. [19]

Breast cancer CD44+, CD24�, CD133+, and
ALDH+

Bin Bao et al. [20]

Ovarian cancer CD44+/CD117+ M-Q Gao et al. [21]

Gastric cancer CD44+ Yoshiro Saikawa [22]

Pancreatic cancer CD44+, CD24+, and ESA+ Chenwei Li et al. [23]

Glioblastoma multiforme CD133+ Shideng Bao et al. [24]

Melanoma cancer CD20+ Dong Fang et al. [25]

Prostate cancer CD44+/CD24� Eun-Jin Yun et al. [26]

Brain cancer CD133+ Sheila K Singh et al. [27]
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of ovarian cancer cells, the overexpression of CD44 resulted in population of cells
with mesenchymal-like phenotypes (CD44S) and decreased the number of
epithelial-like cells. The downregulation of ESRP1 and upregulation of TGFPs1
promoted EMT, invasiveness, and the gain of stem cell-like phenotypes and
chemoresistance in CD44 cells [32].

In the colorectal cancer cells, abnormal expression of miR-26b induced EMT and
stem cell-like characteristics. Lymphatic metastasis shows significantly upregulated
levels of miR-26b. miR-26b directly targets many tumor suppressors along with
phosphatase and tensin homolog (PTEN) and wingless-type MMTV integration site
family member 5A (WWT5A) [33].

The role of IncRNAs was evaluated in two sets of cells: colorectal cancer with
liver metastasis and colorectal cancer without liver metastasis. The expression levels
of UICLM (upregulated in colorectal cancer liver metastasis) IncRNA was
upregulated in the CRC with liver metastasis, and the knockdown of UICLM
prevented cell proliferation, invasion, epithelial-mesenchymal transition, and CRC
stem cell formation. Further experiments found that IncRNA UICLM regulated
ZEB2 [34, 35].

MYC (c-Myc) is regarded as a very strong proto-oncogene observed to be highly
expressed in many cancers. The (PARPI)-poly (adenosine diphosphate (ADP))
ribose polymerase inhibitor effect on triple-negative breast cancer can be chemically
improved upon a blockade of MYC. Dinaciclib a cyclin-dependent kinase inhibitor
downregulates Myc expression; this, administered along with PARPI-niraparib,
downregulated EMT by reducing homologous recombination which resulted in
reduced cancer stem cell-like phenotype. Also dinaciclib re-sensitized TBNC cells
which displayed resistance toward niraparib. This combination of therapy also
worked on ovarian, prostrate, pancreatic, lung, and colon cancer cells [36].

Claudin-6 (CLDN6) is a tight junction protein functioning as a tumor suppressor
and also a stem cell marker. Triple-negative breast cancer (TNBC) cells show low
levels of CLDN6. A study involving the overexpression of CLDN6 in TNBC cells
(MDAMB231 cells) showed increase in epithelial marker E-cadherin and reduction
in vimentin (mesenchymal marker); stem cell markers such as OCT4, SOX2, and
Nanog were upregulated [37].

Another long noncoding RNA called the nuclear-enriched abundant transcripts
(NEATs) plays a significant role in Non-small-cell lung carcinoma (NSCLC) stem
cells. Experimental results suggest that NEAT1 was overexpressed and copper
transporter 1 (CTR1) was downregulated in the NSCLC stem cells. NEAT1 knock-
down reduced the cancer stem cell-like phenotype in these cells. NEAT1-expressing
cells also exhibited Wnt pathways and EMT process [38].

In triple-negative breast cancer cell line SUMI159pr, low expression of miR-105
was recorded. Its targets were identified to be VEGFA, Erb33, Zab1, Fyn, and Lyn
A/B, thus reducing cell proliferation and c-Myc with upregulated levels of
participants.

Overexpression of MiR205 inhibited the anchorage-independent growth, migra-
tory and invasive nature of SUM159PT cell line with activated src kinases, and low
levels of MMPs. The pathways and proteins associated with EMT like CD44, TAZ,
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E2AE12, twist, Snail A, and CK5 were also highly reduced with the expression of
miR-205. The miR-205 also plays a critical role, and its co-expression along with
anti-miR-205 reverted back all the reduced and the inhibited pathways of the triple-
negative breast cancer cell line SUM159PT [39]. Ursodeoxycholic acid is an epimer
of chenodeoxycholic acid found in the mammalian bile secretions, commonly
abbreviated as UDCA. Reactive oxygen species (ROS) plays a critical role in cancer
progression and advancement, and UDCA inhibited intracellular ROS. Pancreatic
cancer cell lines treated with 0.2 mM UDCA showed elevated levels of E-cadherin
and lower levels of N-cadherin and downregulation of sex-determining region
Y-box 2 (SOX2). It reduced the sphere-forming abilities; thus it is evident as an
effector inhibitor of cancer stem cell-like and EMT phenotypes [40].

Carnosol (CAR) is naturally found in our body that inhibits the MDM2/p53
complex. Its effects on U87MG, a glioblastoma-derived cancer stem cell line,
showed that it reduced the CSC formation and promoted apoptosis of the cancer
stem cells by functionally reactivating P53. Furthermore it also controlled the effects
of TNF-alpha/TGF-beta and inhibited the effects of cytokines associated with
EMT-regulating genes (slug, Snail, twist, ZEB1). It also promoted the activation
of miR-200c, which is associated with EMT; adding on this it also increased the
antiproliferative effects of temozolomide (TMZ) [41]. Lagunas et al. demonstrated
that telomere DNA damage signaling regulates cancer stem cell evolution and
metastasis. Telomeres are protected by the double-stranded DNA-binding protein
TRF2 and maintained by telomerase or a recombination-based mechanism known as
alternative lengthening of telomeres (ALT). Loss of TRF2 and Terc expression gives
telomere DNA damage, severely decreases CD34+ and Lgr6+ cancer stem cells, and
induces terminal differentiation of metastatic cancer cells [42]. The natural
sphingolipid phytosphingosine (PHS) suppresses the stem cell-like phenotype and
EMT-associated proteins and the highly malignant basal-type breast cancer cells
(CD44+/CD24-) by downregulating EGFR/JAK1/STAT3 [43]. Slug and twist are
important transcriptional factors that are highly associated with EMT; they are found
to be regulated by two processes, namely, ubiquitination and degradation. Slug and
twist are found to be in very stable conditions inside the cancer cells. It can be
speculated that the stabilization of the slug and twist is because of the loss of
ubiquitin by deubiquitinase (DUB). DUB3 was identified to be the deubiquitinase
for both slug and twist. The upregulation of DUB3 amplified the expression levels of
slug and twist in a dosage-dependent manner, also protecting the two genes from
being degraded. IL-6, which plays a significant role in the metastasis of breast cancer
cells, seemed to induce the expression of DUB3. Thus DUB3 is identified to play a
critical role in stem cell-like phenotype, metastasis, and invasive and migratory traits
in breast cancer cells [44].

Fusobacterium nucleatum has been identified to play a role in colorectal cancer.
A study was conducted on stage 3 CRC patients. The Fusobacterium nucleatum
levels were significantly high and were associated with the invasion, lymph node and
metastasis and distant metastasis. Analysis showed the presence of Nanog, OCT4,
and SOX2 (stem cell markers) and N-cadherin levels [45]. SOX8 was overexpressed
in tongue squamous cell carcinoma (TSCC) resistant to cisplatin, which exhibited
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EMT and CSC-like (Wnt) phenotypes. It is found to be upgraded in chemoresistant
patients affected by tongue squamous cell carcinoma (TSCC) and also correlated
with normal lymph node metastasis [46].

12.3 Role of MicroRNAs on CSCs and Metastasis

The microRNAs are short noncoding segments of RNA with 21–25 nucleotides seen
in plants, animals, and certain viruses. Their function is “RNA-mediated gene
silencing” at the posttranscriptional stage by attacking the 30-untranslated regions
of the “target gene,” thereby degrading the specific mRNA [47]. miRNAs play a
vital role in the human cancer progression and metastasis. The expression levels of
the oncogenic miRNAs can be observed to be increased as cancer progresses. The
improper regulation of the expression of the miRNAs influences the processes of the
progression like antiapoptotic activity, drug resistance, tissue invasion, and metasta-
sis [48] (Table 12.2).

12.3.1 miR-200 Family

miR-200a, miR-200b, miR-141, and miR-429 are the members of the miR family.
Their regulations have a strong association with the cancer stem-like features and
metastasis via EMT [63]. Experiments on human mammary epithelial cells show that
these cells were able to transit from non-stem like to stem like upon the loss of miR
family [64]. A strong connection between the levels of miR-200s and E-cadherin in
the cancer cell lines and clinical samples showed that miR-200s maintained tumor
epithelial traits and prevented EMT. This was achieved by the direct interaction of
miR-200s with ZEB1 and ZEB2 transcription factors. Suppression of metastasis has
been observed upon the upregulation of miR-200s, but the miRNAs are also known
to promote metastasis by recent studies as higher concentration of miR-200s pro-
moted the development of metastasis in breast cancer patients and promoted inva-
sion of the lung by murine breast cancer cells. The direct downregulation of Sec23a
resulted in loss of expression of metastasis-suppressive proteins IGFBP4 and
Tinagl1 in the murine breast cancer cells [63].

Tumor suppressor p53 is shown to be associated with both EMT and breast CSCs
associated with EMT by transcriptionally activating the miRNAs associated with
stemness including miR-200C. The loss of P53 in mammary epithelial cells
downregulated miR-200C expression and initiates EMT and increases CSCs. It
also directly interacts with EMT and increases CSCs. It also directly interacts with
the protein line ZEB1, ZEB2, and BMI1 [65].
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Table 12.2 miRNA involved in cancer stem cell metastasis

Cancer type miRNA Targets
Functions in CSCs-
Metastasis References

Breast cancer miR-199a FOXP2 Enhanced CSC properties Lei Zhou et al.
[49]

miRNA-
600

PORCN Differentiation Rita El Helou
et al. [50]

miR-200c BMI1 Inhibit the clonal
expansion

Zheng-ming
Wang et al.
[51]

Let-7 H-RAS
and
HMGA2

Suppresses self-renewal
and differentiation

Yohei
Shimono et al.
[52]

miR-205 BMI1 Regulate EMT, migration,
and invasiveness

Xiao et al. [53]

miR-141
miR-183

BMI1 Regulate the self-renewal
abilities

Yohei
Shimono et al.
[52]

Pancreatic cancer miRNA-
1246

CCNG2 Chemoresistance and
stemness

Sabrina
Bimonte et al.
[54]

Acute Myeloid
Leukemia (AML)

miRNA-22 TET2 Self-renewal and
transformation

Ryou-u
Takahashi
et al. [48]

Colon miR-193
miR-145
miR-200
miR-203

PLAU
and
K-RAS
ZEB1

Inhibition of
tumorigenicity and
invasiveness
Maintenance of stemness
EMT activation

Ryou-u
Takahashi
et al. [48]
Sabrina
Bimonte et al.
[54]

Lung cancer miR-145 OCT4 Inhibited the proliferation Hu et al. [55]

Prostate cancer miR-143 FNDC3B Differentiation of prostate
cancer stem cells and
promoted prostate cancer
metastasis

Xinlan Fan
et al. [56]

miR-34a CD44 Inhibit prostate cell
proliferation, tumor
regeneration, and
metastasis

Zheng-ming
WANG et al.
[51]

miR-708
and
miR-199a-
3p

CD44 Regulate the proliferation Can Liu et al.
[57]

Hepatocellular
carcinoma

miR-22 PTEN,
p21, and
p53

Reduces cell growth,
invasion, and metastasis

Bin Bao et al.
[58]

Head and neck
squamous cell
carcinoma

miR-200c BMI1 Regulating self-renewal,
radio/chemoresistance and
metastatic properties

Yu et al. [59]

Brain tumors miR-34a c-met Induce the differentiation
of CSCs

X J Li et al.
[60]

(continued)
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12.3.2 miR-203

miR-203 inhibits the colony formation, migration, and invasion of many cancer
cells. Enhanced regulation of Snail and downregulation of miR-203 in CD44+
human colorectal carcinoma cell lines showed higher metastasis; further miR-203
is suppressed by Snail [66].

miR-203 reduced the sphere-forming ability of the nearby cells by indirectly
prompting DKK 1 (inhibitor of Wnt signaling) [67]. The effects of miR-203 are
observed in CD44+/CD88� leukemia cancer stem cells by directly interacting with
BMI1/survivin [68].

12.3.3 miR-34a

miR-34a has been called as a “star” miRNA in cancer research, acts as tumor
suppressor, and is downregulated in many human cancers, and also studies have
shown that the aberrant miR-34a expression has been linked to chemotherapy
resistance in a variety of cancers [69].

miR-34a is a mediator of the p53 transcriptional network and has been identified
as a tumor suppressor that contributes to the inhibition of the invasion and metastasis
in various types of epithelial cancers [69]. miR-34a expression is significantly
downregulated in primary tumors from head and neck cancer patients as well as in
head and neck cancer cell lines. Ectopic expression of miR-34a in head and neck cell
lines significantly inhibited tumor cell proliferation, migration, and colony formation
by downregulating the expression of E2F3 and survivin [70]. Expression of miR-34a
in bulk can inhibit prostate cancer cells (CD44+) through inhibition of clonogenic
expansion, tumor regeneration, and metastasis, and expression of miR-34a
antagomirs in CD44� prostate cancer cells promoted tumor development and metas-
tasis [71], and miR-34a performs a key role in suppressing colorectal cancer
metastasis by targeting and regulating Notch signaling [72].

Table 12.2 (continued)

Cancer type miRNA Targets
Functions in CSCs-
Metastasis References

Ovarian cancer miR-199a ABCG2 Increased the
chemosensitivity of
ovarian CSCs

Yongchao
Wang et al.
[61]

Glioblastoma miR-128 BMI1 Inhibit glioma stem cell
proliferation

Can Liu and
Dean G. Tang.
[62]

Gastric cancer miR-34 p53 Control the biological
properties of gastric CSCs

Can Liu and
Dean G. Tang.
[62]
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12.3.4 miR-22

miR-22 epigenetically promoted stem-like traits and metastasis in breast cancer
cells. Studies have shown miR-22 capable to directly inhibit TET expression and
EMT induction in breast cancer. Ten eleven translocation (TET) enzyme has been
linked to the demethylation of miRNA-200 promoter region. miR-200 is an anti-
metastatic microRNA that inhibits stemness and EMT, and miR-22 is observed to
be in association with TET family, thus promoting CSC-like properties and metas-
tasis by repressing miR-200 family [48].

12.3.5 miR-17

Significant overexpression of miR-17 was seen in CD133+ cells of glioblastoma cell
lines. The miR-17 is said to directly target calmodulin-binding transcriptional
activator (CAMTA1), which is a transcription factor of antiproliferation cardiac
hormone natriuretic peptide A. Downregulation of miR-17 in these cells reduced
neurosphere formation and promotes cell differentiation. This shows that miR-17 is
significantly correlated to stem (CD133+)-like traits in cells [48]. In osteosarcoma
the levels of miR-17 were seen to be higher, and its inhibition resulted in reduced or
suppressed cancer cell proliferation, migration effects, and invasion/metastasis.
PTEN homolog was identified to be directly targeted by miR-17 [73]. PTEN levels
are critical in maintaining stemness, and its suppression leads to promotion of cancer
stem cells [74]. However, A549/DDP (cisplatin resistance) non-small cell lung
cancer cells showed downregulated levels of miR-17, miR-20a, and miR-20b. The
downregulated levels suppressed the TGF-beta signaling pathways and inhibited
EMT pathways, thus affecting metastasis [75]. Cancer stem cells seem to have
developed their stem-like properties via stem cell pathways like Wnt, TGF-beta,
STAT, and Hippo-YAP/TAZ [76]. Colon cancer cells that overexpressed phospha-
tase of regenerating liver 3 (PRL-3) inducing the expression of miR-21, miR-17, and
miR-19 by activating STAT3 [77]. Cancer stem cells are strongly associated with
stemness-related STAT pathway [76]. Thus these miRNAs have increased the
proliferation of primary colon cancer cells and the metastatic growth [77]. In ovarian
cancer metastasis, the expression of miR-17 is inversely related to the levels of
ITGA5 and ITGB1. Lower level of ITGA5 and ITGB1 suppressed peritoneal
metastasis. The abnormal expression of miR-17 in ovarian cancer resulted in
lowered expression of ILK phosphorylation and MMP-2. Thus higher levels of
miR-17 suppress ovarian cancer cell peritoneal metastasis [78].

12.3.6 miR-124

SNAI2 has been found to be upregulated in glioblastoma cells, and miR-124 has
SNAI2 as its functional target. SNAI2 has also been associated with stemness.
Experimental evidences showed that upregulation of miR-124 and SNAI2
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knockdown reduced neurosphere formation, and the expression of stem cell markers
like BMI1, Nanog, and Nestin was substantially reduced, and the effects can be
reverted by the re-expression of SNAI2 in in vivo [79]. miR-124 was also seen to
directly target STAT3 signaling. STAT3 is identified to have positive effects on T-
cell-mediated suppression in tumor microenvironment. miR-124 is observed to be
lost in all grades and in all pathological types of gliomas. The upregulation of
miR-124 in glioma cancer stem cells (GCSCs) resulted in the inhibition of
STAT3, and it reversed the GCSC-associated immunosuppression of T cells and
the induction of FOXP3 and regulatory T cells (Tregs). T cells from
immunosuppressed glioblastoma patients when treated with miR-124 resulted in
upregulation of interleukin (IL-2), IFN-gamma, and TNF-alpha [80]. The abnormal
expression of miR-124 in MDA-MB-231 cells (known for high invasiveness)
suppressed spindle formation, invasive capacity, and adhesion to fibronectin and
anoikis. These results show that miR-124 plays a critical role in the multistep process
of metastasis in breast cancer cells [81].

12.3.7 miR-128

Patients with advanced glioma show downregulation of miR-128. miR-128 targets
BMI1 [48]. miR-128 is reported to target VEGF-C and reduce the proliferation and
the invasive properties of bladder cancer cells. The knockdown of miR-128
upregulates VEGF-C and induces proliferation, migration, and invasion of bladder
cancer (BC) [82]. The metastatic and the stem cell-like properties of the hepatocel-
lular carcinoma were inhibited by the upregulation of miR-128, and they were
identified to target ITGA2 and ITGA5 [83]. The chemosensitivity is increased and
invasive properties of prostate cancer cells were inhibited following upregulation of
miR-128. Experimental results suggest that miR-128 directly targets zinc finger E-
box-binding homeobox 1 (ZEB1) in prostate cancer cells and induces the sensitivity
toward cisplatin and inhibits invasion [84].

12.3.8 miR-199b-5p

Studies show that miR-199b-5p is downregulated in medulloblastoma which results
in its invasive properties. This happens by targeting HES1 transcription factor in
Notch signaling pathways, thus inhibiting the self-renewal properties of Glioma Stem
Cells (GSCs) by targeting the CD133+ cells [48]. But its expression plays an opposite
role in the case of human osteosarcoma. The elevated levels of miR-199b-5p correlate
to cell proliferation, invasion, and migration of these cells. Its expression levels are
seen amplified in the higher grades of osteosarcoma [85]. In breast cancer cells,
miR-199b-5p suppresses HER2 expression by negatively conferring with ERK1/2
and AKT pathways. This shows loss of migration, wound healing, and colony
formation. This has also improved the sensitivity of HER2 cells towards trastuzumab,
thus hampering cells’ migratory and clonogenicity properties [86]. miR-199b-5b
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targets N-cadherin and promotes cell aggregation and suppresses migration/invasion
of hepatocellular carcinoma (HCC). This inhibits metastasis of tumor xenografts. It
was also shown to reduce the effects of TGF-beta-induced AKT phosphorylation
which results in EMT features [87].

12.3.9 miR-451

The lower expression of miR-451 shows enhanced levels of cyclooxygenase-
2 (COX2) and macrophage migration inhibitory factor (MIF); this results in acquisi-
tion of stem cell-like properties. COX2 and MIF have been shown to be associated
with Wnt pathway, which is a major regulator of cancer stem cells [48].

Papillary thyroid carcinoma with lymph node (PTCLN) metastasis shows
amplified expression levels of four miRNAs: miR-2861, miR-451, miR-193b, and
miR-1202. When compared with PTC without lymphoid metastasis, it was found
that PTCLN had high levels of miR-2861 and miR-451 especially in lateral and
lymph node (LLN) [88]. Zhang et al. reported that miR-144/451 re-expression
markedly suppressed the migration and invasion of breast cancer and HNSCC
cells through ADAM10 and ADAMTS5 modulation. PAX4 promoted migration
and invasion in human epithelial cancers by decreasing miR-144 and miR-451
(miR-144/451) expression levels.

Paired box gene 4 (PAX4) has been promoting metastasis in human epithelial
cancer by downregulating miR-144 and miR-451, while miR-144/451 has been
observed to inhibit cancer migration even in PAX4-expressing cells by targeting a
disintegrin and metalloproteinase (ADAM) protein family members in ADAMT55
and ADAM10 [89]. MiR-451 has also been shown to suppress cell proliferation and
metastasis by targeting chemokine ligand 16 (CXCL16) in osteosarcoma patients
[90]; it has been shown to promote significant metastasis in various cancer types like
hepatocellular carcinoma by targeting c-Myc [91]. In neuroblastoma miR-451 has
been shown to target macrophage migratory inhibitory factors [92], in A549 lung
cancer cells miR-451 inhibits metastasis by targeting PSMB8 and NOS2 thereby
reducing the expression of MMP-2, MMP-9, VEGF. miR-451 has also been
associated with stemness and CXCR4 [93]. This miR-451 plays a vital role in
inhibition of stem cell-like features by inhibiting stem cells and metastasis through
numerous pathways.

12.3.10 miR-320

The miR-320 directly targets Wnt/beta-catenin expression in prostate cancer stem
cells. Thus the expression of CD44+ PCa cell expressing Wnt is inversely propor-
tional to miR-320 level [48]. Fatty acid synthase (FAS) was previously reported to
be correlated with various clinicopathological features of cancer. Overexpression of
FAS in NSCLC has been shown to be significantly associated with bone metastasis.
Thus miR-320 contributes to cell proliferation, migration, and invasion by directly
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targeting FAS in NSCLC, and overexpression of miR-320 in NSCLC cell lines
inhibits cell proliferation, migration, and invasion via downregulation of FAS.
miR-320 may act as a tumor suppressor by inhibiting the oncogenic activity of
FAS [94]. In addition, miR-320 inhibited migration by targeting FOXM1 in cervical
cancer cells [95].

12.4 Functions of RBPs on CSCs and Metastasis

RNA-binding proteins (RBPs) act as epigenetic regulators of various RNA
processing events, such as splicing, localization, stabilization, and translation, and
can regulate various types of stem cells. Many RNA-binding proteins are
overexpressed in cancers [96, 97]). Deregulation of RBPs affects every step of
cancer development, such as sustained cell proliferation, inhibition of the apoptosis
process, avoiding immunosurveillance, inducing angiogenesis, and activating
metastasis. Some RBP proteins recognize cis-acting elements to translationally
regulate proto-oncogenes, cytokines, and growth factors [98]. RNA-binding proteins
that are abnormally expressed in cancers are the IMP-3, the CRD-BP/IMP-1, the
p62, as well as members of the ELAV/Hu protein family, e.g., HuR. Upon binding to
the AU-rich instability element (ARE) in the 30Untranslated region (UTR) of rapidly
degraded mRNAs of proto-oncogenes, cytokines, and growth factors, HuR regulates
nucleocytoplasmic transport, stability, and translation. However, only very few of
these RNA-binding proteins have been demonstrated to regulate tumor progression
and metastasis and control the cancer stem cell self-renewal [97].

12.4.1 RBM3

Colorectal cancer mostly demonstrates the overexpression of Wnt/beta-catenin in the
colon cancer stem cells. The RNA-binding protein RBM3 promotes cancer cell
proliferation, angiogenesis, and resistance against apoptosis and even induces metas-
tasis at higher levels by acting as a proto-oncogene [99]. Two cell lines HCT116 and
DLD1 were taken to study the effects of RBM3 on colon cancer; upon the
upregulation of RBM3, the number of sphere-forming cells increased in the
HCT116 cells along with the increased expression of cancer stem cell marker
DCLK1 in DLD1 cells. Further analysis have shown that RBM3 upregulated the
levels of Wnt/beta-catenin but suppressed the expression of Notch [100].

12.4.2 PTBP3

The RNA polypyrimidine tract-binding protein (PTBP3) at upregulated state leads to
the acquisition of cancer stem cell-like and EMT phenotype in breast cancer cells,
thus enhancing metastasis. Mechanistically, the EMT regulatory transcription factor
ZEB1 is upregulated due to PTBP3 binding to its mRNA at the 30UTR [101].
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12.4.3 Lin 28

Recent studies have shown that LIN 28A/B plays an important role in the formation
of CSCs and is involved in tumor aggressiveness and metastasis. Higher expression
rates of RNA-binding protein LIN 28 is correlated with the exhibition of malignant,
cancer stem-like phenotypes in breast, colorectal, and esophageal cancer cells.
Ovarian cancer cells with CSC-like trait express both LIN 28A and OCT4. LIN
28B is expressed in the colorectal stem cells with CSC markers like LGR5, KIT, and
PROM1 (CD133) in colon cancer. LIN 28B might be correlated with intestinal
CSCs, and LIN 28B regulated by IKKβ are able to maintain stemness by interacting
with Wnt pathways as LIN 28 is expressed only by CSCs. A crosstalk between LIN
28 and let-7 is observed in CSCs; thus blocking this axis might be a solution to target
the CSCs. In non-small cell lung cancer patients, higher levels of LIN 28 and lower
levels of let-7 are associated with chemo- and radiotherapy resistance [102].

12.4.4 MUSASHI-1

MUSASHI-1 (MSI-1) is a stem cell marker in both normal and cancerous stem cells;
in malignant colorectal cancer cells, MUSASHI1 is upregulated by the expression of
Notch-3 [103]. In another experiment on gastric cancer cells, it was identified that
MUSASHI1 played a significant role in the prognosis of the metastatic gastric
cancer. The expression of MSI-1 can be associated with tumor node metastasis
(TNM), Lauren’s classification, depth of invasion, vessel invasion, lymph node
metastasis, and distant metastasis. The prognosis at each stages of TNM is worse
than its previous one as there is an increase in MSI-1 expression [104].

12.4.5 MUSASHI-2

Elevated levels of MSI-2 is observed in metastatic non-small cell lung cancer cell
lines; the suppression of MSI-2 led to decrease in metastatic potential and promoted
the expression of claudin 3 (CLDN3), claudin 5 (CLDN5), and claudin 7 (CLDN7)
and downregulated the expression of TGFβR1, SMAD3, and zinc finger proteins
SNAI1 and SNAI2 (Slug) [105].

12.5 Effect of CSCs on Immunosurveillance and Metastasis

A perfect display of chemoresistance and immune resistance is seen during the
escape phase when detectable tumor bodies of CSCs/TICs reappear after a long
dormant phase. They have been reported to produce immunosuppressive molecules
and recruit cells that suppress the immune system like Treg cells more tolerant
toward the immune system via loss of expression of tumor antigen, loss of
processing and presentation machinery, and downregulation of MHC1 and MHC2.
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All these factors along with aging related immune deficiency is utilized by CSCs to
promote cancer. CSCs/TICs are able to escape the immune response because they
are equipped with co-inhibiting molecules like cytotoxic T-lymphocyte antigen
(CTLA4), B7-H2, B7-H3, and programmed death receptor 1 (PD-1). The lack of
MHC2 leads to downregulation of low molecular weight proteins (LMP), transporter
associated with antigen processing (TAP), and beta-macroglobulin, which assists
immune escape. Cytokines like transforming growth factor-beta (TGF-beta), IL-10,
and IL-13 were secreted in in vitro conditions. The CSCs/TICs from glioblastoma
required expression of VEGF, macrophage chemoattractant protein-1 (MCP-1),
macrophage inhibitory factor (MIF), and growth-related oncogene (GRO2) for
their survival. Breast cancer stem cells and glioblastoma CSCs produce more
TGFs than usual cancer cells; IL-4 produced by colon CSCs promotes drug resis-
tance and stops antitumor immune responses. CSCs also produce CD200 that aids
immune escape. The dissemination of CSCs of the melanoma is assisted by the
expression of ATP-binding cassette subfamily member 5 (ABCB5) and shows low
levels of lineage-related and Cancet-testis (CT) antigens. But the CSCs expressing
CD133+ have upregulated levels of NY-ESO1 cancer testis antigen; and they
produce specific T-cell response.

TAADDX3X expressed by CD133+ CSCs is susceptible to T cells in massive
models, while the CD271+ CSCs do not express both lineage-related and CT
antigens; hence their susceptibility toward T cells is not possible. Thus all these
traits help the CSCs/TICs during tumor progression and metastasis.

Cancer stem cells of the lungs have developed ways to protect themselves from T
cells and induce apoptosis in them. T cells express CTLA4/CD152 after exposure to
antigen. The binding of CTLA4 to its ligand (CD80/CD86) on the antigen presenting
cells (APC) induces T-cell apoptosis. Specifically lung cancer cells induce T cells to
produce more CTLA4. Similarly PD4 is produced by the T cells, B cells, and some
myeloid cells. Cytotoxic T cells with PD4 interacting with its ligand are marked for
apoptosis. Upregulation of ALDH and B-cell lymphoma-2 (BCL-2) protein and its
family seems to enhance the chemoresistant phenotype [106].

Cancer stem cells derived from histopathologically negative prostrate training
lymph nodes (PDLN) in mice with prostrate intraepithelial neoplasia (mPIN) con-
trolled by oncogene was similar to the CSCs from mPIN tumor bodies. CSCs from
both PDLN and mPIN produced extracellular matrix protein tenascin-C (TNC) and
CXCR4. TNC interacts with α5β1 integrin on the cell surface of the T cell and
inhibits T-cells receptor dependent T cell activation proliferation and cytokine
production [107].

Macrophages play a vital role during the stages of metastasis of the cancer cells.
Macrophages are made tumor friendly by various cytokines and chemokines like
colony-stimulating factor 1 (CSF1), vascular endothelial growth factor A (VEGF-
A), semaphorin3A (SEMA3A), CC-chemokine ligand 2 (CCL2), and
CXC-chemokine ligand 12. Tumor-associated macrophages (TAM) are known for
their CD8+-suppressing properties by directly producing DDL1 and BT-H4 or
indirectly Treg cells [108].
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The vascular endothelial growth factor A (VEGF-A) is a vital oncogenic factor
that also plays important role in cancer stem cell maintenance, proliferation, malig-
nancy, immunosuppression and also EMT. Myc and SOX2 were upregulated in the
breast and lung cancer stem cells through VEGF receptor 2 (VEGFR2)/STAT3
[109]. VEGF has been identified to target dendritic cells by disrupting its maturation
from the progenitor cells. It also plays a role in the T cells and macrophages. The
functional maturation of the DCs from its progenitor CD34+ was identified to have
disturbed the VEGF produced by breast and colon cancer cells. The M2-polarized
macrophages that are tumor friendly express VEGF, hence promoting angiogenesis.
Initial experiments on mice with elevated levels of VEGF equivalent to the amount
found in advanced cancer patients showed that the number of CD8/CD4 thymocytes
was reduced. The VEGF affected the progenitor of the T cells rather than on the T
cells themselves [110]. The human cancer cell A549 and breast cancer cells
MDA-MB-231 recruit many tumor-associated dendritic cells (TADCs)
overexpressing CCL2. CCL2 increases the stem cell-like features, migratory/inva-
sive properties, malignancy, and also the immunosuppressive tumor-associated
macrophages. The CCL2 amplifies the phosphorylation of STAT3 in the cells.
6-Shogaol can inhibit CCL2 and suppress the proliferative and the metastatic
properties of the lung and the breast cancer cell lines [111]. In case of the hepatocel-
lular carcinoma, increased expression of CXCR4 corresponds to lymph node metas-
tasis [112], but the cytoplasmic expression of CXCR4 does not seem to play a role in
the lymph node metastasis [113].

A cross talk between the CXCR4 pathway and TGF-beta pathways has been
reported in the Hepatocellular carcinoma (HCC); CXCL12/CXCR4 has also been
identified to promote the expression matrix metalloproteinase 10 (MMP10) that
enhances the migration and metastatic properties of the HCC. A cross talk between
CXCR4 and Sonic hedgehog (SHH) pathways has been reported in the human
pancreatic cancer and medulloblastoma as well. SHH/CXCR4 interaction has been
associated with promotion of stem cell properties and malignancy in these cells.

A cross-link between alpha-fetoprotein (AFP) and CXCR4 has been observed.
AFP promotes migration by activating AKT/mTOR signaling through CXCR4 in
HCC [114].

The regulatory T cells are utilized by the breast cancer cells with lung metastasis
by expressing CCL22/CCL5, which is very immunosuppressive expressing alpha-
chain/CD25 and forkhead boxp3 (FOXP3). Suppressing of metastasis in the breast
cancer models has shown to deplete number of CD4 + CD25+ cells; overexpression
of prostaglandin E2 by the breast cancer cells also recruits Treg cells there by
inducing CD8+ T-cell apoptosis and enhances cancer cell bone metastasis. Mela-
noma utilized Treg cell to overexpress TNR to promote lung metastasis [108]. The
galectin-1 produced by the breast cancer cells suppresses the immune system by
regulating clonal expansion and via linker for activation of T cells resulting in the
promotion of breast cancer metastasis. Galectin-1 has been reported to be highly
expressed in CD133+ cells (stem cell marker) [115, 116]. Treg cells seem to target
NK cells and induce apoptosis by expressing BETA-galoctoside-binary protein
(BETA-GBP) in lung metastasis that Treg cells suppressed the cytotoxicity of the
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NK cells via cell to cell contact and expressing TGF-beta [108]. Neutrophils have an
interesting role in cancer promotion. The human fibrosarcoma and prostate cancer
cells associated neutrophil promote angiogenesis by secreting MMP9. In
intrahepatic cholangiocarcinoma xenograft model, CXCL15 recruits neutrophils
and enhances lung metastasis. But other studies show that reducing the neutrophil
contact increases the lung metastatic loci in breast cancer models. The neutrophils
extracted from tumor-bearing mice can kill cancer cells in other mice models by
producing Hydrogen peroxide (H2O2). However TGF-beta has been reported to
reverse the antitumor properties to tumor-promoting traits of neutrophils [117].

12.6 Overview of CSC-Derived Exosomes on Metastasis

There are many evidences proving that exosomes from cancer cells cause organ-
specific metastasis. Their specificity can be identified by the presence of certain
ECM, membrane proteins, lipids, and adhesion molecules present within the
exosomes. Tumor-derived exosomes (TDEs) initiate metastasis by three ways:
firstly, autocrine and paracrine signaling which initiates EMT formation. Secondly,
they help in the formation of pre-metastatic niche. Thirdly, they modulate the body’s
immune system promoting metastasis.

Exosomes from various cancer cells have Notch-1 (MMPs), miR-100, HIFα,
casein kinase Iiα, and annexin A2. Hypoxia is a popular condition associated with
the development of metastasis particularly; EMT-inducing molecules like TGFβ,
MMPs, TNF-α, IL6, AKT, ILK1, caveolin 1, PDGFs, and β-catenin are the contents
of exosomes under hypoxic conditions. Nasopharyngeal carcinoma (NPC) (CNE2)
cell line co-cultured with exosomes expressed more of N-cadherin and vimentin and
downregulated expression of E-cadherin [118]. Primary tumors targeting the lungs
express integrins like α6β4 and α6β1. The integrin αvβ5 promotes metastasis to the
lungs [119]. In another experiment where exosomes from fluorescently labeled
B16-FI0 melanoma cells were injected into a mice, the exosomes combined together
with the regional lymph node nearest to the point of injection. Tumor and organ-
specific metastasis is a characteristic behavior of cancer stem cells [120]. CSCs
secrete and uptake exosomes; hence their metastatic phenotype can also be deter-
mined by studying the contents of their exosomes. The CD105+ exosomes from the
renal cancer stem cells when injected into SCID mice developed only lung metasta-
sis [118]. Breast cancer stem cells recruit Treg cells and promote lung metastasis
[108]. Tumor-derived exosomes (TDEs) use Treg cells and induce CD8+ T-cell
apoptosis and suppress NK cells. The exosomes from NPC recruit Treg cells and
confer with T helper cell (Th1) and Th17 differentiation; also these cells recruit
CD4 + CD25- T cells and convert them to CD4+CD25+ T cells. Tumor-tropic
patient-derived adipose cancer stem cells when treated with exsosomes from prostate
cells induced mesenchymal to epithelial transition (MET) and lead to the develop-
ment of a more aggressive prostate like secondary tumor [118]. Malignant breast
cancer stem cells are also associated with CD4+CD25+ T cells [108]. Thus it is
possible for the Breast cancer stem cells to utilize exosomes in a similar manner.
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The paracrine activity of adult stem cells and cancer stem cells is mediated by the
release of exosomes [121]. Cancer stem cells communicate with nearby cancer cells
and stromal cells by uptaking the exosomes by the cells. The exosomes derived from
the fibroblast mediate Notch signaling, overexpress ALDH, and promote stemness in
the breast cancer cells. The intake of exosomes from melanoma cancer cells by the
bone marrow progenitor cells leads to the acquisition of malignant phenotype
[122]. The exosomes from more aggressive TNBC cell lines Hs578Ts
(i) transmitted their aggressive phenotype to secondary breast cancer cells
(Hs578T, SKBR3, MDA-MB-231, and HCC1954). The noninvasive nature of the
mammary epithelial cell line HMLE was reversed upon its exposure to miR-10b
from MDA-MB-231 cells. miR-10b has been reported to be highly expressed by the
TNBC cells. In an in vivo study mice were intravenously injected with exosomal
miR-105 from MDA-MB-231 cells, and the MDA-MB-231 cells also were intracar-
dially injected resulted in the development of lung and brain metastasis. Under
hypoxic conditions the exosomes from breast cancer cells have been shown to
promote invasiveness and malignant phenotypes. The expression of RAB22A by
the breast cancer cell lines (MCF-7, MDA-MB-231, and MDA-MB-435) is seen.
The knockdown of the RAB22A by shRNA showed suppressed invasion and long
colonization. The fibroblast promotes metastasis by Wnt signaling. The CD81
secreted by the fibroblast L cells through exosomes was taken up by the breast
cancer cells and induces metastasis of the MDA-MB-231 cells. The knockdown of
CD81 in L cells suppressed the malignancy [123, 124].

12.7 Future Prospects

Understanding the roles of CSCs on tumor progression and metastasis will provide
the strategies for targeting CSCs to prevent the seed for cancer metastasis. This
chapter has highlighted the need for future research on the various factors that
regulate the dissemination of cancer from its primary site. The RNA-binding
proteins and their role in posttranscriptional regulation during cancer progression
and metastasis have provided various targets for regulating cancer stem cells. In
addition, the development of combination therapies for the above highlighted
multiple targets will improve patient’s outcome. The latest development in the
field has enabled us to understand the contents and role of CSC-derived exosomes
on metastasis. There is a clear lack of information on content loading of exosomes
and target or recipient cell identification. The epigenetic regulation of CSCs by
microRNAs and RNA-binding proteins has highlighted the targets and identified the
biomarkers for tumor progression and metastasis.
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