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Abstract
This review discusses the various regulatory charac-
teristics of microRNAs that are capable of generating 
widespread changes in gene expression via  post trans-
lational repression of many mRNA targets and control 
self-renewal, differentiation and division of cells. It con-
trols the stem cell functions by controlling a wide range 
of pathological and physiological processes, including 
development, differentiation, cellular proliferation, 
programmed cell death, oncogenesis and metastasis. 
Through either mRNA cleavage or translational repres-
sion, miRNAs alter the expression of their cognate tar-
get genes; thereby modulating cellular pathways that 
affect the normal functions of stem cells, turning them 
into cancer stem cells, a likely cause of relapse in can-
cer patients. This present review further emphasizes 
the recent discoveries on the functional analysis of miR-
NAs in cancer metastasis and implications on miRNA 
based therapy using miRNA replacement or anti-miRNA 
technologies in specific cancer stem cells that are re-
quired to establish their efficacy in controlling tumori-
genic potential and safe therapeutics.
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INTRODUCTION
Stem cells, a pool of  precursor cells, exist in an undiffer-
entiated state and have exclusive capability to self-renew 
over an extended period of  time and undergo asymmetri-
cal division which promotes healthy growth in normal 
cells due to polarity involved in cell division. One of  the 
daughter cells retains stem cell properties while another 
becomes the committed progenitor called a transit am-
plifying cell and differentiates into a variety of  cells that 
contribute to organ formation and function[1]. 

Stem cells are classified into two major classes: em-
bryonic stem cells (ESCs) and adult stem cells. ESCs can 
be isolated at the blastocyst stage from the embryo, are 
pluripotent and induce lineage specific differentiation in 
cell culture. Adult stem cells are multipotent, have a tissue 
specific role in growth and maintenance in adult tissues 
and can produce only a limited number of  differentiated 
cell types in vivo. The role of  stem cells in tissue growth, 
homeostasis and repair in many organ systems make it an 
important therapeutic tool in the treatment of  many hu-
man diseases[2].

The stem cell properties, including proliferation, self-
renewal and differentiation, are controlled by a complex 
network of  extrinsic and intrinsic signaling pathways. 
Dysfunction of  these regulators can adversely affect the 
normal functions of  stem cells and may either result in 
the loss of  tissue homeostasis or cancer. Following ge-
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nomic stress, appropriate DNA repair pathways, includ-
ing mismatch repair, O6-alkylguanine DNA alkyltransfer-
ase repair, nucleotide excision repair, base excision repair, 
non-homologous DNA end-joining repair, and homolo-
gous recombination repair, are activated in order to 
maintain the genomic integrity. However, in the absence 
of  DNA repair, cellular responses are activated to induce 
apoptosis and remove damaged cells from the organ as a 
part of  a defense mechanism.

This review briefly focuses on the critical functions of  
microRNAs as regulators of  post transcriptional gene ex-
pression that play a vital role, not only in maintaining the 
normal stem cell functions, but they also may modulate 
various signaling pathways that may turn stem cells into 
cancer stem cells with extensive self-renewal potential 
and aberrant differentiation. Recently, culture as well as 
in vivo studies in animal models with human cancers have 
shown the significance of  miRNAs in modulating the 
expression level of  responsive proteins by target mRNA 
cleavage and translational repression via the RNA inter-
ference (RNAi) pathway in the potential elimination of  
cancer stem cells.

MicroRNAs
MicroRNAs are the regulators of gene expression in 
many biological processes, including development, pro-
liferation, apoptosis, stress response and fat metabolism. 
These newly discovered classes of  molecules are 21-23 
nucleotide short non coding RNA sequences, many of  
them are evolutionary conserved among distantly related 
organisms and may be expressed in a tissue-specific or 
developmental stage-specific manner. They are normally 
expressed as polycistronic transcripts and play an im-
portant role in various fundamental biological processes, 
such as cell cycle, cell growth and differentiation, apop-
tosis and embryo development, and cardiac and immune 
system function via regulating mRNA functions at post 
transcriptional as well as post translational level[3].

MicroRNAs were discovered in 1993 during a study 
of  the gene lin-14 in Caenorhabditis elegans (C. elegans) devel-
opment, where partial binding of  61 nucleotide precursor 
from lin-4 gene matured to a 22 nucleotide to comple-
mentary sequences in the 3’ UTR of  the lin-14 and 
mRNA inhibited the translation of  lin-14 mRNA[4]. This 
is followed by the characterization of  second miRNA, le-
thal-7 (let-7), which repressed lin-41, lin-14, lin-28, lin-42 
and daf-12 expression during developmental stage transi-
tions in C. elegans in 2000[5]. Computational and experi-
mental evidence provide a recent estimate of  around 700 
miRNAs hairpin sequences which are currently known to 
be contained in the publicly accessible miRNA database, 
miRBase (http://microrna.sanger.ac.uk/)[6]. More than 
5300 human genes are supposed to be regulated by miR-
NA, which accounts for 30% of  all the genes and around 
60% of  protein non coding genes. Many of  the miRNAs 
are conserved between distantly related organisms, sug-
gestive of  their important roles in the biological system. 

BIOGENESIS OF MicroRNAs
MiRNAs are endogenous and naturally generated within 
animal cells. They can inhibit the translation of  mRNAs 
bearing the partially complementary target sequences, 
thus is one of  the key components of  RNAi within the 
cells. MiRNAs control various cellular, physiological and 
developmental processes and their aberrant expression 
link them with various diseases, including cancer; cardio-
vascular disease; schizophrenia; renal function disorders; 
Tourette’s syndrome; psoriasis; primary muscular dis-
orders; Fragile-X mental retardation syndrome; chronic 
hepatitis; polycythemia vera; AIDS; and obesity[7-18]. To 
better understand the potential role of  miRNA as impor-
tant regulatory molecules in various cellular pathways by 
negatively controlling the gene and protein expression 
and their links with cancer, it is important to discuss the 
miRNA biogenesis pathway (Figure 1). 

The biogenesis of  miRNA involves multiple process-
ing steps, including transcription, processing, matura-
tion and degradation. MiRNAs are randomly placed in a 
mammalian genome and found as isolated transcriptional 
units, co-transcribed as part of  other transcriptional units, 
or clustered together and transcribed as polycistronic 
primary transcripts. They are either produced from their 
own genes or from introns. The process begins with the 
transcription of  primary (pri) miRNA transcript, gener-
ally by RNA polymerase II, while those with upstream 
Alu sequences, transfer RNAs, and mammalian wide 
interspersed repeat promoter units by RNA polymerase 
Ⅲ[19,20]. Primary miRNA having hundreds or thousands 
of  nucleotides and one or more miRNA stem loops are 
then capped at 5’ and polyadenylated at 3’ end[21]. This is 
followed by the cleavage of  pri-miRNA with the enzyme 
Drosha, RNA Ⅲ endonuclease and a double stranded 
RNA binding protein, DiGeorge syndrome critical region 
gene 8 (DGCR8), together form a microprocessor com-
plex or Pasha in invertebrates to form a resulting hairpin 
of  around 70 nucleotides in length, known as a precur-
sor-miRNA (pre-miRNA) which has 5’ phosphate and 2 
nucleotide 3’ overhang[22]. Pre-miRNAs that are spliced 
directly out of  introns are known as miRtrons. 

Nucleocytoplasmic shuttle Exportin-5 exports pro-
cessed pre-miRNA from the nucleus, by a RAs-related 
Nuclear protein-GTP dependent process[23]. This follows 
the subsequent cleavage of  Pre-miRNA by another RNA 
Ⅲ endonuclease known as Dicer in cytoplasm in part-
nership with its TRBP (human immunodeficiency virus 
transactivating response RNA binding protein), a RNA 
binding protein to form a final product of  21-23 nucleo-
tide miRNA with 5’phosphates and a 2-nucleotide 3’ 
overhangs and generate two complementary RNA frag-
ments. General inhibition of  Drosha-mediated process-
ing of  many nuclear pri-miRNAs and Dicer-mediated 
processing of  cytoplasmic pre-miRNA can regulate many 
important biological mechanisms[24,25]. One of  either the 
strands of  the duplex mature miRNAs are incorporated 
into the members of  the argonaute (Ago) protein family, 
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Ago 1-4, forming miRNPs (microRNA ribonucleopro-
tein complex) along with other proteins such as GW182 
and known as miRNA-induced silencing complex. Ma-
ture miRNAs direct miRNPs to target mRNAs which 
share complementation with the seed region consisting 
of  nucleotides at positions 2-8 of  5’ end of  mature miR-
NA which result in either translational repression or more 
commonly mRNA degradation[26]. Targeting the regula-
tors involved in the alternative splicing of  mRNAs has 
been shown to upregulate the expression of  mRNAs[27,28]. 

STEM CELLS AND miRNA Functions 
Differential gene expression under epigenetic, transcrip-
tional, translational and posttranslational control, as well 
as signaling from neighboring cells, regulates normal 
stem cell properties. The regulatory miRNA levels are 
lower in stem cells but their dynamic expression profile 
in these cells provide evidence of  their significance in 
maintaining the self-renewal, pluripotency and regulating 

differentiation of  their progeny cells (Table 1). miR-15b/
miR-16r, miR17-92, miR-21 and the miR-290-295 clus-
ters are the four prominently expressed miRNA clusters 
in ESCs and are an integral part of  their control. Many 
transcription factors regulated by miRNAs control the 
pluripotency and differentiation that are the major func-
tions of  stem cells. MiRNAs facilitate differentiation in 
murine ESCs with conditional knockout of  Dicer1 and 
DGCR8 by downregulating the pluripotency markers like 
Oct4 and Nanog homeobox (Nanog)[29,30]. Directly tar-
geting the transcripts of  self-renewing factors, like Oct4, 
sex-determining region Y-box containing gene 2 (Sox2), Kruppel-
like factor 4 (KLF4) with miR-145 and Nanog, liver receptor 
homologue 1, the positive regulators of  Oct4 expression, with 
miR-34 in human ESCs promote differentiation. Lin-28, 
marker for pluripotent stem cells, forms a negative feed-
back loop with the let-7 family miRNAs, whereas let-7 
miRNAs in differentiated stem cells target the Lin-28 
miRNA[31]. MiR-290 and two other related families, in-
cluding miR-370 and miR-302 cluster, showed an altered 
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Figure 1  MiRNA biogenesis, functions and potential therapeutic targets. miRNA transcript excised to form pri-miRNA, gets cleaved by Drosha and exported from 
nucleus to cytoplasm by Exportin-5. 70 n hairpin-loop precursor-miRNA (pre-miRNA) then processed by Dicer into mature RNA. The figure also explains the various 
potential miRNA therapeutic targets including biogenic pathways, restoring the tumor suppressor functions of miRNAs and blocking the oncogenic properties of miR-
NAs. miRNA mediated silencing involves either inhibition of translation or degradation of their target mRNA transcripts depending on the degree of complementarity. 
TRBP: Transactivating response RNA binding protein; miRISC: miRNA-induced silencing complex; miRNP: MicroRNA ribonucleoprotein complex; DGCR8: DiGeorge 
syndrome critical region gene 8. 
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cell cycle profile and disrupt ESC transition from a self-
renewing to a differentiated state[32].

The two classes of  pro-differentiation miRNAs play 
an important role in the differentiation process. MiRNAs, 
including miR-134, miR-145, miR-296 and miR-470, 
grouped under the first class of  miRNAs and they di-
rectly suppress the self-renewal state by suppressing 
Nanog, Pou5f1 (also known as Oct4), KLF4 and Sox2, 
the markers of  pluripotency[33]. The other class of  miR-
NAs include the let-7 family of  miRNAs that stabilizes 
the differentiated cell fate by targeting the transcripts that 
are regulated by the pluripotency transcription factors 
Oct4, Sox2, Nanog and Tcf3[34]. In addition, Let-7 also 
promotes the somatic cell cycle by targeting, both directly 
and indirectly, the multiple activators of  the G1-S tran-
sition, including cdc25a, cdk6, cyclinD1 and cyclinD2, 
thereby making the G1 phase cells most susceptible to 
pro-differentiation signaling cascades, including MAPK 
signaling[35-37].

Studies have shown the potential role of  miRNAs 
in different aspects of  neuronal development, such as 
proliferation of  neural stem cells (NSCs) and progeni-
tors, neuronal differentiation, maturation and synapto-
genesis[38]. Overexpression of  miR-124 and miR-137 in 
undifferentiated NSCs result in morphological changes 
and expression of  markers indicating neuronal differ-
entiation[39]. Trim-NHL proteins, a new class of  regula-
tory RNA binding proteins, act as an ESC expressed E3 
ubiquitin ligase that function to degrade Ago2 protein, a 
component of  the RISC complex, and modulate the ac-
tivity of  the entire miRNA pathway and are found to be 
associated with the differentiation of  NSCs[40,41].

MiRNA expression profiles and functional studies 
explain their importance in stem cell biology; however, 

detailed investigation will be required to understand the 
specific role of  miRNA for the maintenance and proper 
function of  particular stem cell types.

CANCER STEM CELLS AND miRNA 
FUNCTIONS
Failure to repair errors in stem cells result in the accumu-
lation of  epigenetic abnormalities, initiate the signaling 
cascades that support tumorigenesis, allow the cells to 
escape the restrictions of  its niche and transform them 
into cancer stem cells. These cells are structurally and 
functionally distinct from other cells within the tumor 
mass and are capable of  self-renewing mitosis where 
one of  the daughter cells functions as a stem cell while 
other becomes a progenitor cell[42]. Cancer stem cells 
are characterized by cell surface marker profiles, form 
tumorospheres and have increased resistance to chemo- 
and radio-therapeutic agents, a likely cause of  cancer re-
lapse in patients. Cancer stem cells have been isolated for 
hematological malignancies, mainly acute myelogenous 
leukemia, chronic myeloid leukemia, acute lymphoblas-
tic leukemia (ALL), multiple myeloma and solid tumor 
organs of  breast, brain, lung, prostate, testis, ovary, 
stomach, colon, skin, liver and pancreas[43]. Increased re-
sistance to anti-cancer therapeutics, limitless proliferative 
capacity, aberrant differentiation and multidrug resistance 
trait associated with the overexpression of  genes that 
code for transmembrane efflux pump proteins are the 
innate properties of  cancer stem cells that offers a great 
challenge in long term remission[44].

Several profiling studies have determined potential 
implications of  high percentage of  miRNAs in cancer 
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Table 1  miRNA mediated regulation in the maintenance and function of stem cells

miRNA Functions in stem cells Mechanism(s) Ref.

Pluripotent miRNAs
   miR-290 cluster, miR-370, miR-302 Promotes self-renewal Regulate embryonic stem cell cycle [32]
   miR-141, miR-200, miR-429 Maintenance of self-renewal in the absence 

of leukemia inhibitory factor
Regulated by cMyc proteins [66]

   miR-9 Proliferation and  promote NSC migration Target Stmn1, which increases microtubule instability [67]
Neurite outgrowth Inhibit Cdc42 expression and altering the localization of 

Rac1
   miR-184 NSC proliferation Represses the expression of Numb-like 1 [68]
   miR-137 Promotes NSC proliferation but 

inhibits neuronal maturation, dendritic 
morphogenesis, and spine development

Target Mind bomb 1, an ubiquitin ligase [69]

Pro-differentiation miRNAs
   miR-134, miR-145, miR-296, 
   miR-470

Initiate differentiation Suppress pluripotent markers including Nanog, Oct4, 
Sox, Klf4

[33]

   Let-7 Stabilize differentiation Target transcripts that are regulated by the pluripotency 
transcription factors Oct4, Sox2, Nanog and Tcf3

[34]

Promote somatic cell cycle by targeting both directly and 
indirectly the multiple activators of the G1-S transition 
including cdc25a, cdk6, cyclinD1 and cyclinD2

[35-37]

   miR-124 NSC differentiation Suppress Sox9 expression in adult NSCs and exhibit 
mutual inhibition mechanism of Ephrin-B1

[70]

Let-7: Lethal-7; NSC: Neuronal stem cell; Sox: Sex-determining region Y-box containing gene.
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due to its close proximity to chromosomal breakpoints; 
cancer associated genomic regions and/or fragile sites 
and dysregulated expression levels in many malignancies. 
Multiple functional studies on miRNAs using various 
algorithms and statistical methods validate their involve-
ment, functions, characteristics, correlations and associa-
tions with cancer through targeting proto-oncogenes or 
tumor suppressor genes (Table 2)[45]. 

MiRNAs differentially regulate the key properties 
of  cancer stem cells, including cell-cycle exit and dif-
ferentiation, prosurvival and antistress mechanisms (e.g., 
resistance to anoikis) and epithelial-mesenchymal transi-
tions (EMT), migration and invasion, which contribute 
to enhanced tumor initiation and metastatic potential 
(Figure 2). miR-17-92 polycistron has been reported as 
the first onco-miR that accelerates tumor development 
in lung, breast, stomach, prostate, colon and pancreatic 
cancers by regulating c-Myc expression[46,47]. MiR-126 
mediated inhibition of  sex-determining region Y-box 
2 (SOX2) [SOX2, a crucial transcription factor for the 
maintenance of  ESC pluripotency and the determination 
of  cell fate] and placenta-specific 1 gene may contribute 
to gastric carcinogenesis[48]. Increased expression of  2 
miRNA clusters, 106a-363 and in particular 302-367 in 
mouse fibroblasts, positively regulate the mesenchymal-
to-epithelial transition, cell cycle and epigenetic functions 
and could allow potent increases in induced pluripotent 
stem cell generation efficiency[49].

The first functional evidence of  tumor suppressive 
miRNAs was the miR-15/miR-16 cluster, located in a 
genomic region of  chromosome 13 and often deleted in 
chronic lymphocytic leukemias (CLLs). These miRNAs 

are not expressed in CLLs but play an oncogenic role by 
accumulating oncogenic targets, the apoptotic inhibitor 
Bcl-2[47]. Lin-28 represses biogenesis of  let-7 microRNAs 
and its overexpression has been correlated with reduced 
patient survival and increased probability of  tumor recur-
rence in human colon adenocarcinomas[50].

In a systematic miRNA expression profiling analysis 
in human ALL patients, 77 miRNAs were up-regulated 
and 67 miRNAs were down-regulated in the patient 
group when compared to the control group with fold 
changes > 2.0. Among differentially expressed miRNAs, 
miR-9, miR-181a and miR-128 were of  high significance, 
whereas miR-582-5p, miR-223, miR-143, miR-126, etc. 
displayed the least significance in patients[51]. Shimono 
et al[52] identified 37 differentially expressed miRNAs in 
CD44+CD24-/lo breast cancer stem cells (BCSCs) and 
among these miR-200c-141, miR-200b-200a-429 and 
miR-183-96-182 clusters were significantly downregu-
lated.

Knowing the functional role of  miRNAs in a spe-
cific tumor, therapies can be targeted to cancer stem 
cells in order to correct their aberrant expression levels. 
miRNA based therapeutics aim to potentially reverse the 
tumorigenic properties of  cancer stem cells by targeting 
its biogenesis pathways, restoring the tumor suppressor 
functions of  and/or blocking the oncogenic properties 
of  miRNAs via the RNAi pathway.

THERAPEUTIC IMPLICATIONS
Dysregulated miRNAs via modulating cancer stem cell 
properties are highly associated with tumor initiation, 
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Table 2  Aberrant miRNA expression in cancer stem cell

miRNA Tumor type Mechanism(s) Ref.

miRNA as oncomiR
   miR-17-92 polycistron Upregulated in lung, breast, stomach, 

prostate, colon and pancreatic cancers
Regulate c-Myc expression [46,47]

   miR-21, miR-205 Head and neck cancer Target transcripts of tumor suppressive genes including kinesin 
family member 1B isoform α, hypermethylated in cancer 2, and 
pleomorphic adenoma gene 1

[71]

   miR-372, miR-373 Testicular germ cells Neutralize p53-mediated CDK inhibition, possibly through direct 
inhibition of the expression of the tumor-suppressor LATS2

[72]

   miR-21 Breast cancer Target tumor suppressor tropomyosin 1 [73]
   miR-126 Gastric carcinoma Targets SOX2, and PLAC1 [48]
   Let-7 Hepatocellular carcinoma Targets SOCS1, caspase-3 [56]
   miR-181 Hepatocellular carcinoma Targets RASSF1A, TIMP3 as well as nemo-like kinase [56]
   miR-495 Breast cancer Modulated by transcription factor E12/E47, suppresses E-cadherin 

expression to promote cell invasion and inhibits regulated in 
development and DNA damage responses 1 expression to enhance 
cell proliferation in hypoxia through post-transcriptional mechanism

[74]

miRNAs as tumor suppressors
   Let-7 Colon adenocarcinomas Target Lin-28b which promotes cell migration, invasion and 

transforms immortalized colonic epithelial cells
[50]

   miR-15 miR-16 cluster Chronic lymphocytic leukemia Targets the apoptotic inhibitor Bcl-2 [47]
   miR-29 Cholangiocarcinoma Regulate the anti-apoptotic protein Mcl-1 [75]
   miR200c Head and neck squamous cell carcinoma Negatively modulates the expression of BMI1 and ZEB1 [62]
   miR-125b Glioma Decreases the cell cycle regulated proteins CDK6 and CDC25A [76]

Let-7: Lethal-7; SOX2: Sex-determining region Y-box 2; PLAC1: Placenta-specific 1 gene.
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tumor maintenance, metastasis and therapy resistance. 
Studies have shown the potential implications of  miRNA 
based therapeutics as a novel strategy to target therapy-
resistant cancer stem cells. miRNAs identified as on-
cogenic that promote cancer, when targeted by locally 
administered antagomiRs, and miRNAs recognized as 
tumor suppressors can be downregulated using an ap-
propriate viral vector system could eliminate the cancer 
stem cells significantly. Lack of  tumor specificity and low 
transfection efficiency associated with the in vivo systemic 
delivery of  pharmaceutical formulations of  functional 
miRNA and/or its antagonists to tumor cells via non viral 
mediated gene transfer limits their use[53,54]. Among the 
current approaches of  gene delivery, systemic administra-
tion of  miRNA using adeno associated viral vectors, not 
only minimizes the risk of  vector-related toxicities, but 
also increases gene transfer efficiency, could be a success-
ful strategy[55].

Inhibition of  let-7 results in the increased chemo-
sensitivity of  hepatocellular cancer stem cells (HSCs) to 
sorafenib and doxorubicin, while silencing of  miR-181 
leads to reduction in HSCs motility and invasion by con-
trolling the aberrant expressions of  cytokine IL-6 and 
transcription factor Twist[56]. Induction of  the tumor-sup-
pressive miRNAs let-7a and miRNA-96 and suppression 
of  the TGFÎ²-induced oncogenic miRNA-181a in BCSCs 
epigenetically preserve the differentiated phenotype of  
mammary epithelium and prevent EMT-related cancer-
initiating cell self-renewal[57]. Downregulation of  miR-
125b-2 expression in glioblastoma multiforme (GBM) 
derived stem cells could allow temozolomide, a chemo-
therapeutic agent, to induce apoptosis by increasing the 
cytochrome c release from mitochondria, induction of  

Apaf-1, activation of  caspase-3, poly-ADP-ribose poly-
merase and proapoptotic protein Bax while decreasing 
the expression of  Bcl-2[58]. Specific inhibition of  miR-21 
by an anti-miR-21 locked nucleic acid modulates its up-
stream regulator activator protein-1, composed of  c-Jun 
and c-Fos family transcription factors and tumor suppres-
sor programmed cell death 4, and thereby increases drug 
sensitivity of  cancer stem cells to anticancer drugs[59].

Forced expression of  miR-124 and miR-137 in hu-
man derived GBM-derived stem cells leads to loss of  
their self-renewal and oncogenic capacity, leaving normal 
stem and precursor cells unharmed[39]. Overexpression of  
miR-128 significantly blocked glioma CSC self-renewal by 
directly targeting BMI-1 and caused a decrease in histone 
methylation [H3K27me(3)] and Akt phosphorylation, 
and up-regulation of  p21(CIP1) levels, whereas transfec-
tion of  GBM cancer stem cells with miR-34a could cause 
cell-cycle arrest or apoptosis, inhibit xenograft growth, 
and mediated by downregulation of  multiple oncogenic 
targets, including c-MET, Notch-1/2 and CDK6[60,61]. In 
another study, miR145 (a tumor-suppressive miRNA) 
has been studied as a negative regulator of  GBM tumori-
genesis by targeting Oct4 and Sox2 in GBM-CD133(+). 
miR 145 delivery, using polyurethane-short branch poly-
ethylenimine as a therapeutic-delivery vehicle, to GBM-
CD133(+) significantly inhibited their tumorigenic and 
CSC-like abilities and facilitated their differentiation into 
CD133(-)-non-CSCs[62]. miR-34a overexpressed in bulk 
prostate cancer cells (CD44+) cells, when transfected with 
mature oligonucleotide mimics or infected with lentiviral 
vectors encoding pre-miR-34a, and exerted pronounced 
inhibitory effects on prostasphere establishment, migra-
tion and metastasis in vivo[63]. Restoration of  miR-200c 

67 July 26, 2012|Volume 4|Issue 7|WJSC|www.wjgnet.com

Normal expression 
of miRNAs in 

stem cells

Normal expression 
of protein coding

targets in stem cells
Stem cell 
self-renewal

Stem cell 
differentiation

Stem cell 
maturation

Genetic and epigenetic
 alterations

Reduced expression of 
suppressor miRNAs and 

overexpression of oncogenic miRNAs

Cancer stem cell with extensive 
self-renewal capacity and 
aberrant differentiation 

Stem cell 
activation

Cancer initiation, invasion 
and metastasis

Figure 2  Stem cells express a unique set of miRNAs that maintain self-renewal, promote differentiation and maturation through various regulatory mecha-
nisms. Distinct small sub population of cells arises from stem cells due to accumulation of genetic and epigenetic abnormalities that might function as cancer stem 
cells. These cells display differential expression of miRNAs which regulate the fundamental properties that contribute to enhanced tumor initiation and metastatic po-
tential. 

Garg M. MiRNAs and therapeutic implications



68 July 26, 2012|Volume 4|Issue 7|WJSC|www.wjgnet.com

may be a promising therapeutic approach in head and 
neck squamous cell carcinoma. It could significantly in-
hibit the malignant CSC-like properties of  ALDH1(+)/
CD44(+) cells by negatively modulating the expression 
of  BMI1 and inhibiting the metastatic capability of  EMT 
by reducing the expression of  ZEB1, Snail and N-cad-
herin, but up-regulating the E-cadherin expression[64]. 
Overexpression of  miR-328 directly targets ABCG2 and 
MMP16, reverses drug resistance, inhibits cell invasion 
of  side population (SP) cells from colorectal cancer, and 
thereby decreases invasive and strong tumor formation 
ability[65].

Studies on the physiological and behavioral differenc-
es between cancer stem cells and normal stem cells are 
required to help in the identification of  specific mRNAs 
in cancer stem cells which may regulate oncogenesis or 
suppression to influence tumor development or progres-
sion that could act as a suitable drug target for safe and 
effective therapeutics.

CONCLUSION
miRNAs, a newly identified class of  regulatory non-
coding endogenous RNAs, have pivotal functions in stem 
cell maintenance. A small SP of  cells identified in a vari-
ety of  cancers harbor stem cell properties called cancer 
stem cells which are responsible for relapse and treatment 
failure in many cancer patients. These cells express miR-
NAs aberrantly where they can function as oncogenes or 
tumor suppressor genes. Identification of  miRNA as a 
signature molecule to CSCs and their potential role make 
them good therapeutic targets for next-generation anti-
cancer drugs and directly impact the current efforts in 
the safe eradication of  malignancies.
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