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Abstract Over the last few years, microRNAs (miRNA)-
controlled cancer stem cells have drawn enormous attention.
Cancer stem cells are a small population of tumor cells that
possess the stem cell property of self-renewal. Recent data
shows that miRNA regulates this small population of stem
cells. In the present review, we explained different characte-
ristics of cancer stem cells as well as miRNA regulation of
self-renewal and differentiation in cancer stem cells. We also
described the migration and tumor formation. Finally, we
described the different miRNAs that regulate various types
of cancer stem cells, such as prostate cancer stem cells, head
and neck cancer stem cells, breast cancer stem cells, colorectal
cancer stem cells, lung cancer stem cells, gastric cancer stem
cells, pancreatic cancer stem cells, etc. Extensive research is
needed in order to employ miRNA-based therapeutics to
control cancer stem cell population in various cancers in the
future.
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Introduction

Extensive research conducted over a decade on the
presence of cancer stem cell (CSC) has drawn considerable
attention due to its clinical importance. The CSC is defined
as a cell inside a tumor which has the ability to self-renew
and to cause the mixed lineages of cancer cells comprising
the tumor. These cells can be identified experimentally by
their capability to produce a tumor. Few other terms such as
“tumor-initiating cell” and “tumorigenic cell” are also used
to describe CSC [1, 2].

Studies on stem cells and cancer cells have derived many
important findings. Both cancer cells and somatic stem have
the capacity to self-renew. Self-renewal of somatic stem cells
is tightly regulated, but it is not for cancer cells (Fig. 1).
General stem cells produce normal mature cells, but cancer
cells differentiate abnormally [3, 4]. Organogenic capacity is
found in both normal stem cells and cancer cells, but there is a
difference. Normal stem cells produce normal tissues, but the
cancer cells produce abnormal tissues. Therefore,
heterogeneity and plasticity are the two main properties of
the CSCs [5]. Research data shows that CSCs show distinct
characteristics compared to normal cancer cells such as tumor
maintenance, progression, and chemoresistance [6].
Therefore, CSCs are clinically important as they are critical
in invasiveness and recurrence of cancer. It is necessary to
understand how CSC is controlled at the molecular level.

The current discovery of microRNAs (miRNAs) may
provide a new explanation on the molecular regulatory
mechanisms of CSCs. miRNAs are endogenous, non-coding,
small RNAs (approximately 21-25 nucleotides) with gene
regulatory activity [7, 8]. miRNAs are generated from primary
miRNA transcripts, which are called pri-miRNAs by
sequential cleavages with the enzyme like RNase III enzyme
Dicer. The pri-miRNAs are often more than a few thousand
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Fig. 1 Diagram showing the
comparison between stem cell
and cancer stem cell formations.
Both stem cell and cancer stem
cell have self-renewal capacity,
with the former in highly
regulated manner while the latter
is poorly regulated. a Stem cell
originates from embryonic
precursors and form mature cells.
b Cancer stem cell forms from
normal progenitor cell and stem
cell

(@)

(b)
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nucleotides long [7, 8]. miRNA is attached to the
RNA-induced silencing complex (RISC), which also contains
the GW182 and Argonaute proteins. The miRNA controls
gene expression by binding to the sequences in the 3'UTRs
of'the target region messenger RNAs (mRNAs), which causes
either mRNA degradation or translation inhibition [9].

To date, more than 1100 miRNAs have been discovered in
humans. The miRNAs regulate various cellular and
physiological processes. There is a link between miRNAs
and various diseases such as cancer, hypertension, diabetes,
and acquired immune deficiency syndrome (AIDS) [10-17].
The expression of miRNA was found to be upregulated or
downregulated in different diseases. Hence, miRNA class is
a significant class of post-transcriptional gene expression
regulator.

In the present review, we described few important
characteristics of CSCs. We also illustrated miRNA regulation
self-renewal and differentiation properties of CSC.

Important characteristics of CSC

CSCs are a term for cancer cells that have the ability to self-
renew. These cells give rise to other malignant stem cells.
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These cells undergo differentiation process, resulting in non-
tumorigenic cancer cells, which are phenotypically different.
To date, the mother cell of origin for CSCs remains unclear
and it has not been definitively determined yet. These CSCs
may or may not be derived from their normal stem cell.

Several mutations are necessary for a cell to become
cancerous

Multiple mutations are required for a cell to become
cancerous, and this becomes necessary for the cellular origin
of cancer cells [18, 19] (Fig. 2). Mutations may occur during
the short life span of these cells. To maintain the disease line,
cancer cells must overcome the genetic constraints on both
self-renewal as well as propagation [20]. CSCs possess the
capability to self-renew. These cells are consequent either
from self-renewing like normal stem cells (which may
be produced by altering proliferative pathways) or from
progenitor cells. These stem cells have obtained self-renewal
capacity as a result of oncogenic mutations. The traditional
outlook of cancer is a clonal genetic model. According to this
model, cancer cell arises through a series of mutations. The
mutation also occurs in oncogenes and tumor suppressor
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Fig. 2 Several mutations are
essential for a normal cell to turn
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genes, which cause the selective overgrowth of a population
of tumor cells. This mutation helps to develop the different
properties like invasiveness, metastasis, and drug resistance.
A model described that a series of epigenetic changes are
necessary for mutations, which help to give rise to tumor
proliferation, invasion, metastasis, and drug resistance
[21, 22]. However, the mutations must accumulate in stem
cells in the tissue where cancers commonly occur and it was
noted that cancers commonly occur in the blood, gut epitheli-
um, and skin. Due to the accumulation effect of the mutations,
progenitors and differentiated cells tend to have a short life
span, and on the other hand, the stem cells persist throughout
life in these tissues.

Small population of cell within the cancer cell
population which proliferates extensively

Scientists have applied the theory of stem cell biology for
tumorigenesis. They describe cancer as a clonally derived
population of cells which has the propagative capacity, and
it is just like cells within normal tissues. Previously, it was
established that when different types of cancer cells were
assayed for their proliferative potential, only a small minority
of cells were able to proliferate extensively [23, 24].
Therefore, the idea that malignant tumors include both CSC
with huge proliferative potential and more differentiated
cancer cells with restricted proliferative potential was formed
[23, 24]. Anticancer agents may cause apoptosis of cancer
cells, but CSCs might survive and regenerate the cancer again
(Fig. 3). This is a famous model reproducible in teratocarci-
noma, which showcases the totipotency of CSC. On the other
hand, it was not clear that whether this model could be applied
to describe more common cancers. In short, there is a coexis-
tence of the undifferentiated and differentiated cells in tumor.

CSCs and self-renewal activity

Some postulate that a tumor originates from CSCs derived
either from transformed tissue stem cells or transformed
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progenitor cells that have regained self-renewal capability.
As CSCs could self-renew, they should be derived from
self-renewing normal stem cells. For instance, leukemic stem
cells have a surface marker phenotype similar to normal
hematopoietic stem cells, which confirms that they arise from
hematopoietic stem cells [25]. Several studies have
demonstrated that leukemogenic mutation increases the
proliferation of hematopoietic stem, and it blocks the
differentiation of normal hematopoietic stem/progenitor cells
[26, 27]. Phenotypic differences between leukemia stem cells
and hematopoietic stem cells have been recorded [28, 29].
This finding supports the view that the initial mutations occur
in hematopoietic stem cells, which change their phenotypes.
Many researchers depend exclusively on cell lines for
oncogene expression. However, efforts should be invested to
determine the effects of oncogene expression on the
phenotype and the function of normal stem/progenitor cells,
instead of depending solely on cell lines.
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Fig. 3 The pathway showing only few populations of cancer stem cell
responsible for recurrence of cancer. Apoptosis induced by anticancer
drugs causes the death of cancer cells. However, cancer stem cells
might survive and regenerate the cancer again
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CSCs—made by cell fusion

CSCs possess several characteristics of normal stem cells.
These features are self-renewal capacity, cell cycle (slow), cell
differentiation capacity, enhanced resistance development for
different cytotoxic mediators, and radiation. Recently, Dittmar
et al. put forward the hypothesis of “oncogenic resistance”
[30]. A new type of tumor-initiating cells, the so-called
recurrence CSCs, is proposed. They are linked to increased
drug resistance, apoptosis, and enhanced malignancy with cell
fusion. They concluded that recurrence CSCs originate from
the cellular event. However, tumor tissues consist of a variety
of cells including tumor cells, CSCs, monocytes,
macrophages, and bone marrow-derived stem cells. The
characteristic of the tumor is linked to these cells, which is
related to the property of cell fusion. This property is called
“fusogenic characters.” These characters will then lead to the
origin of repetition CSCs. These cells even survive after the
first-line therapy. This survival may occur due to the natural
selection, and it may follow the Darwinian evolution [31].

miRNAs regulate self-renewal and differentiation
in CSCs

miRNAs regulate the maintenance of the stem cell line.
Recent experiments showed that the knockout of DGCR8
and Dicerl led to a defect in stem cell differentiation in murine
embryonic stem (ES) cells. This shows that miRNAs play
important roles in stem cells [32, 33]. Six major factors are
required for the effect of pluripotency maintenance. They are
such as Nanog, Sox2, Oct4, KLF4 Lin28, and c-Myc [34-37].
It has been observed that several miRNAs such as miR-470,
miR-296, and miR-134 may inhibit the self-renewing factors,
such as Oct4, Sox2, and Nanog [38]. Conversely, miR-145
helps in cell differentiation through mRNA targeting of
KLF4, Sox2, and Oct4 [39]. On the other hand, it has been
noted that let-7 suppresses the expression of Lin28 [40].
Inhibition of differentiation in ES by c-Myc is achieved via
the miR-200 family [41].

A study by Yu et al. showed that the expression of miRNA
let-7 was reduced in breast cancer CSCs [42]. Inducing the
expression of this miRNA suppressed the proliferation of
cancer cells and tumor formation in non-obese diabetic/
severe combined immunodeficiency (NOD/SCID) mice.
In vitro self-renewal of non-CSCs was enhanced when let-7
was antagonized. The tumor-suppressing effects of let-7 were
achieved via downregulation of H-RAS and HMGA?2 [42].

There is a decrease in the stem cell (CD133+) population
compared to the non-stem (CD133) cell population in
glioblastoma cells. The researchers showed that the
upregulation of miR-451 inhibited neurosphere formation
and cell growth and finally reduced the tumor growth. The
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action of miR-451 might be exerted via SMAD signaling
[43]. Therefore, it can be concluded that microRNAs regulate
the self-renewal and differentiation of CSC [44].

Migration of CSC and tumor formation

Migration of cell is one of the important processes during the
development of multicellular organisms [31]. However, data
on CSC migration is very limited. Brabletz et al. developed a
“migrating CSC” model, which described cancer cell
migration [45]. The concept of this model is based on the
existence of two forms of CSCs, which helps in tumor
progression. These two forms of cancer cells are “stationary
CSCs” and “mobile CSCs.” Stationary CSCs are motionless
and always surrounded by the epithelial tissues. These cells
are active in initiating the precursor lesions.

Adenoma is an example, in which its development covers
all the steps of tumor development, but the CSCs do not
spread during that time. According to Brabletz et al., the
mobile CSCs are located at the tumor—host interface [45].
These cells begin to form CSCs by getting hold of transient
epithelial-to-mesenchymal transition (EMT), which is
responsible for the property of stemness. A tumor cell has
two most important characteristics, which are stemness and
mobility, and these two traits hold significant hints for the
further perceptive of malignant progression. These cells are
migrating CSCs [45]. The collapse of epithelial cell
homeostasis leads to migration of CSCs causing destructive
cancer progression. Lastly, these cells have lost its epithelial
characteristics and acquired migratory phenotype. This
phenomenon is an important phenomenon for CSC, known
as the EMT [46]. This phenomenon can help to transmit and to
spread the cancer cells and also keep on hold the task of stem
cell. It can also form metastatic colonies. In colorectal cancer,
Brabletz et al. characterized mobile CSC population, whereby
they observed that the cell population can overexpress nuclear
[3-catenin [45]. The isolated tumor cells also overexpress
[3-catenin at the tumor—host interface. These cell populations
were considered as migrating CSCs. These populations were
associated with metastasis. They have very low survival time.
Its phenomenon has been noted by several authors [45, 47,
48]. This migrating CSC concept provides the explanation for
malignant tumor growth and metastasis occurrence. It also
assimilated the current tumor initiation and progression
concept. However, all these concepts were related to
accumulations of genetic alterations in a tumor atmosphere,
which were the responsible driving forces for CSC.

It is difficult to obtain the confirmation of the reality of
CSC in solid tumors for three major reasons, which are the
following: (i) solid tumors are not easy to access, (ii) practical
assays suitable for identification and quantification of normal
stem cells from many organs have not yet been developed, and
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(iii) specific cell surface markers necessary to isolate such
cells have not been identified [1]. Recently, few remarkable
reports were published in this area which included the
complete regeneration of a complete mammary gland from a
single mouse mammary cell. Cells identified from human
breast tumors can cause breast cancer in NOD/SCID mice,
which suggest the ability for self-renewal. These cells with
CD44+ or CD24— were recorded low in eight of the nine
patients, and the tumors were recognized in recipient animals.
In that experiment, 100 cells were transplanted. On the other
hand, tens of thousands of breast cancer cells with a different
marker set failed to induce tumors [49-52]. In another exper-
iment, brain tumor stem cells were identified and they caused
brain tumor in NOD/SCID mice. These tumor cell populations
had CD133+ marker, a marker found on normal neural stem
cells. In this experiment, it was found that the transplantation
of 100 CD133+ tumor cells was sufficient to begin the deve-
lopment of a tumor in recipient animals [53, 54]. In recent
times, from human prostate cancer, cells that may cause pros-
tate tumors in NOD/SCID mice have been identified. Cells
expressing CD44 were identified from prostate tumor cells
[1, 56]. Using flow cytometry, Hurt et al. identified a popula-
tion of prostate cells with the characteristic CD44+/CD24—
[55]. These cells showed stem cell characteristics. It forecast-
ed survival in prostate cancer patients. CD44+/CD24—
prostate cells are stem-like cells accountable for tumor
introduction. Hurt et al. provided a genomic definition of these
cells and the distinguished cells that they gave rise to [56].
These data were consistent with the CSC hypothesis.

A report was published by Zaidi et al. regarding the origin
of brain tumor stem cell (BTSC) hypotheses [57]. In the
hypothesis, the researchers stated about the clinical implica-
tion of BTSC and its origin. Furthermore, the hypothesis
described that the fatal characteristics of human brain tumors
can be initiated by BTSC, which were resistant to chemothe-
rapy and radiotherapy treatment [58]. These BTS cells possess
the ability to invade the local brain parenchyma. However, the
origin of these BTS cells is still controversial. The emergence
of these tumor-initiating cells could be described by three
steps. First, adult glial cell (in BTSC) obtains mutations, thus
possessing unregulated “stem cell”-like characteristics.
Second, there are some restricted neural progenitor cells.
These cells acquired mutations after successive divisions and
give them unregulated stem cell-like characteristics. Third, the
mature cells are regulated by intrinsic regulations for their
division and proliferation. These cells provide them a
tumorigenic property after obtaining mutations [59, 60].

Glial cells act as the precursors of tumor-initiating BTSCs.
Recently, few studies were performed to reprogram adult skin
cells to induce pluripotent stem (ips) cells [61-64]. These
studies used some nuclear reprogramming factors. These
studies suggested that cells had stem cell-like properties,
which were dormant and could be experimentally endowed.

The question arises whether a similar process occurs during
brain tumor pathogenesis or not. Various experiments used
animal models for tumor generation. These study models
established that cortical astrocytes could be targeted with
oncogenes or signaling proteins. In these studies, the
glioma-like histological structure was found [65-72].
Bachoo et al. performed an experiment where researchers
used rodents with /nk-4a-Arf knockout mature glial cells.
Ink-4a-Arf is cell cycle regulator gene. Gliomas were
developed as a result of the study [65]. Furthermore, the over-
expression of a c-Myc gene in astrocytes results in the down-
regulation of astrocytic cell type marker glial fibrillary acidic
protein and the upregulation of BTSC marker nestin [73].

Lastly, the introduction of a gene into astrocytes resulted in
the overexpression of platelet-derived growth factor (a
molecule that maintains glial precursors in an undifferentiated
condition), which helped informed gliomas [74]. All these
mentioned findings suggest that differentiated brain cells can
obtain stem cell-like properties. On the other hand, the brain
cells also have the capability to initiate tumor formation. The
regulatory functions of miRNAs on CSCs were summarized
(Fig. 4).

miRNA regulates different CSC functions

Recent studies concluded that various CSC-associated cancers
were regulated by miRNAs (Table 1). Few examples are
stated below:

Prostate CSCs

miRNA controls the prostate CSC functions. Liu et al.
illustrated that miR-34a suppressed prostate CSCs via CD44.
They found that enforced expression of miR-34a in prostate
cancer cells with CD44+ inhibited tumor regeneration and
metastasis. The effects of knocking down CD44 were found
to be similar to overexpression of miR-34a. Administration of
miR-34a increased the survival of prostate cancer-bearing
mice and retarded the progression of cancer [75]. The results
of this study were reproduced by Li et al., showing that miR-
34a reduced the level of CD44 expression in tumors [76]. In
another study by Chang et al., it was concluded that miR-7
controlled the stemness of prostate cancer stem-like cells. It
suppressed the CSC properties and tumorigenesis through
inhibiting the KLF4/PI3K/Akt/p21 pathway [77]. Zoni et al.
showed that expression of miR-25 was low in prostate CSCs.
Overexpression of miR-25 affected the cytoskeleton of cancer
cell responsible for invasion, particularly the expression of
ov- and «6-integrin through communication with the
3'-untranslated regions of the genes involved [78].
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Fig. 4 Schematic diagram
showing regulation of miRNA on
different properties of cancer stem
cell
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miRNA microarray study revealed that the lower expressions
of miR-424, let-7a, miR-6836, miR-6873, miR-7152, and
miR-147b were overexpressed in CSCs in subtype of head
and neck squamous cell carcinomas with high aldehyde
dehydrogenase 1 [79]. Sun et al. illustrated that miRNA34a
reduced epithelial-mesenchymal transition, aldehyde dehy-
drogenase activity, invasiveness, and clonogenicity of CSC
of head and neck squamous cell carcinoma. This implied that
the therapeutic modulation of miR-34a in CSCs in head and
neck squamous cell carcinomas might reduce the rate of
metastasis [80].

Breast CSCs

miRNA also regulates the breast CSC functions. Shimono
et al. indicated that 37 microRNA expressions were altered
in human breast tumors containing breast cancer stem cell
(BCSC). Among the 37 miRNAs, three clusters were
downregulated, such as miR-200c-141, miR-200b-200a-429,
and miR-183-96-182. miR-200c targeted BMI1, a regulator of
stem cell renewal. They also showed that miR-200c
suppressed clonal expansion, growth, and differentiation of
CSCs [81]. Feng et al. found that miR-200c suppresses
self-renewal of breast and mammary epithelial stem cells.
This miRNA also regulated programmed cell death 10 protein
responsible for cell death and angiogenesis in both stem cells
[82].

Colorectal CSCs
Recent data suggested that colorectal CSCs are also
regulated by miRNA. Hwang et al. showed that

miRNA-146a regulated the snail-dependent symmetric
division of colorectal CSCs. Snail-miR-146a—(-catenin
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loop was significant in the symmetric division of
colorectal CSCs. Its disruption inhibited the MEK or
Wnt activity and reduced the symmetrical division of
colorectal CSCs [83]. Xu et al. showed that expression
of miR-328 was low in side population of colorectal
CSCs. Overexpression of miR-328 suppressed properties
of side population cells, such as invasiveness and drug
resistance. The direct targets of miR-318 were found to
be ABCG2 and MMP16. The researchers concluded that
miR-328 might be a potential target for effective CRC
therapy [84]. Bitarte et al. found that miR-451
suppressed the self-renewal and tumorigenicity of
colorectal CSCs. These actions were contributed to its
suppression on cyclooxygenase-2 responsible for tumor
growth and ATP-binding cassette drug transporter
ABCBI responsible for sensitization to anticancer agent.
This study concluded that miR-451 was related to recur-
rence and drug resistance in colorectal cancer, and it
could be used as a marker to forecast response of
patients with colon carcinoma toward anticancer agents
[85].

Lung CSCs

Several miRNAs have been found to regulate lung CSCs. A
recent study found that miRNA-200b exerted inhibitory
effects on human lung adenocarcinoma cancer stem-like cells
by reversing the maintenance and chemoresistance of these
cells. It was shown that HDAC1/miR-200b/Suz-12-E-
cadherin signaling was accounted for this property [86]. Shi
et al. illustrated that miR-34a was a negative regulator of the
tumor-regenerating properties of CD44™ stem-like non-small
cell lung cancer cells (NSCLC). On the other hand, antagonist
of miR-34a promoted growth of tumor in CD44'° cells. This
suggested that CD44 was the target of miR-34a, and it served
as a novel therapeutic agent against NSCLC [87].
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Table 1 Regulator miRNAs in various cancer stem cells and their signaling targets

Type of CSC miRNA Effects Pathway involved References

Prostate miR-34a Inhibitory CD44 [75, 76]
miR-7 Inhibitory KLF4/PI3K/Akt/p21 [77]
miR-25 Inhibitory Cytoskeleton av- and «6-integrin [78]

Head and neck miR-424, let-7a, miR-6836, miR-6873 Downregulated Not described (microarray study) [79]
miR-7152 and miR-147b Upregulated Not described (microarray study) [79]
miR-34a Inhibitory Not described [80]

Breast miR-200c-141, miR-200b-200a-429, Inhibitory/downregulated BMII, PDCDI10 (target of miR-200c) [81, 82]

and miR-183-96-182

Colorectal miR-146a Promotion [3-Catenin-TCF4 complex [83]
miR-328 Inhibitory ABCG2 and MMP16 [84]
miR-451 Inhibitory COX-2 and ABCBI [85]

Lung miRNA-200b Inhibitory HDAC 1 and Suz-12 [86]
miR-34a Inhibitory CD44 [87]

Pancreas miR-200c Inhibitory ZEBI1, Vimentin, and E-cadherin [89, 90]

Leukocyte miR-326 Inhibitory Smo [91]

Liver miRNA-150 Inhibitory c-Myb [92]
miR-155 Promotion TPS53INP1 [93]

Ovary miRNA-17 Promotion LKB1-p53-p21/WAF1 [94]
miRNA-98 Promotion pRb-E2F [95]

Gastric CSCs CD34+ cells by downregulating Hh smoothened (Smo) signal

Liu et al. demonstrated the miRNA expression profile of gas-
tric CSCs using miRNA microarray techniques on MKN-45
cancer cell line. In this experiment, an array with 1887 human
miRNAs probes was used to understand the expression pro-
files of the gastric CSCs. They found that nine miRNAs were
upregulated and 173 were downregulated, indicating that most
of the miRNAs possessed tumor-suppressing activity [88].

Pancreatic CSCs

miRNA controls the function of pancreatic CSCs. Ma et al.
observed that overexpression of miR-200c decreased
clonogenicity, invasiveness, and chemoresistance of human
pancreatic CSCs. These inhibitory activities were attributed
to downregulation of zinc-finger E-box binding homeobox 1
(ZEBI1) and Vimentin and upregulation of E-cadherin.
miR-200c also inhibited epithelial-mesenchymal transition
in nude mice. It was a potential therapeutic target for
pancreatic CSCs [89, 90].

Leukemia-associated CSCs

There is a profound link between the miRNA and leukemia-
associated CSC function. Babashah et al. showed that the
relationship between Smos links miRNA-326 and CD34+
CML stem/progenitor cells. Overexpression of miRNA-326
decreased the proliferation and increased the apoptosis of

transducer. Restoration of Smo level reversed these effects.
Therefore, miR-326 is a therapeutic target for leukemia [91].

Liver CSCs

An association has been noted between the miRNA and the
function of liver CSCs. Zhang et al. illustrated that miRNA-
150 inhibited human CD133+ liver cancer stem by inhibiting
the cell growth and formation of tumorsphere and inducing
cell cycle arrest and apoptosis. This miRNA worked via
interacting with the mRNA of the transcription factor c-Myb
[92]. Liu et al. found that miR-155 promoted liver CSC self-
renewal property indicated by an increase in the proportion of
CD90+ and CD133+ cells. miR-155 regulated liver CSC via
TP53INPI1 [93].

Ovary CSCs

Several miRNAs control the characteristics and functions of
ovary CSCs. miRNA-17 helped CSC development as well as
normal ovarian cancer cell development. It was shown that the
miRNA-17 suppressed the LKB1-p53-p21/WAF1 pathway
[94]. miRNA-98 promoted ovarian cancer stem (OCS) cell
proliferation via enhancer of zeste homolog 2 protein in
regulating other transcription factors important in cell
proliferation. Inhibition of this miRNA caused cell cycle arrest
in OCS by upregulation of p21 and downregulation of
CDK2/cyclin E and c-Myc. These activities were conveyed
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through the pRb-E2F pathway [95]. These findings helped the
identification of novel therapeutic targets in human ovarian
cancer.

Conclusion

miRNA-controlled CSC possesses few properties of CSC.
The miRNA-controlled CSC has significant implications for
future studies aimed at diagnosis of cancer and identification
of individuals at risk. Better understanding of miRNA-
controlled CSC may help us to develop better cancer therapy.
Further studies on the miRNA-related origin and migration of
CSC related to tumorigenic population may shed considerable
light on the miRNA-controlled metastasis process. This
knowledge may allow for the development of diagnostic kits
that enable us to identify patients at risk for metastatic disease.
More insights about the miRNA-controlled stem cell may
identify the origin, mechanism of self-renewal, and migration
of CSC. This knowledge of miRNA-controlled CSCs may
significantly alter the landscape of oncology.
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