
coding RNAs, regulate gene expression through gene 
silencing at post-transcriptional level by binding to the 
3’-untranslated regions or the open reading frames of 
target genes, thereby result in target mRNA degradation 
or its translational repression and serve important role 
in several cellular, physiological and developmental 
processes. Aberrant miRNAs expression and their 
implication in CSCs regulation by controlling asymmetric 
cell division, drug/treatment resistance and metastasis 
make miRNAs a tool of great therapeutic potential 
against cancer. Recent advancements on the biological 
complexities of CSCs, modulation in CSCs properties 
by miRNA network and development of miRNA based 
treatment strategies specifically targeting the CSCs as 
an attractive therapeutic targets for clinical application 
are being critically analysed.
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Core tip: Cancer stem cells (CSCs) which are believed to 
be the prerequisite for metastasis and tumor recurrence, 
are endowed with ability to undergo symmetric cell 
division, capacity for self-renewability, long term 
proliferation and resistance to anti-neoplasic therapeutic 
drugs. Regulatory characteristics of microRNAs (miRNAs) 
which are the clusters of non-coding RNA molecules, 
include widespread changes in gene expression through 
gene silencing at post-transcriptional level and are 
dysregulated in human cancer. Over the past two 
decades, miRNAs have gained widespread attention 
due to their involvement in acquisition of stem cell-like 
properties, regulation and reprogramming by cancer 
cells during cancer progression. Many studies are coming 
up which document miRNAs as novel therapeutic tool in 
targeting CSCs functions, sensitizing them to apoptotic 
effects of anti-cancer drugs, and reducing tumor burden 
with no relapse in current clinical settings. 
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Abstract
A small subset of cancer cells that act as tumor initiating 
cells or cancer stem cells (CSCs) maintain self-renewal 
and growth promoting capabilities of cancer and are 
responsible for drug/treatment resistance, tumor 
recurrence and metastasis. Due to their potential clinical 
importance, many researchers have put their efforts 
over decades to unravel the molecular mechanisms 
that regulate CSCs functions. MicroRNAs (miRNAs) 
which are 21-23 nucleotide long, endogenous non-
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INTRODUCTION
Despite high response rates to initial treatments 
including chemotherapy, radiotherapy or sometimes 
even after combinational chemotherapies, cancer 
remains the most lethal disease. Recent technological 
advancements and animal studies have validated the 
presence of samll subset of cancer cells among the 
heterogenous population of tumor cells and are known 
as cancer stem cells (CSCs) or tumor initiating cells. 
They have different biological properties, increased 
tumorgenic potential and are supposed to serve 
important role in drug resistance, tumor development 
and its recurrence. Anti-cancer therapeies are being 
employed on the basis of their ability to shrink tumor 
cells, but CSCs survive and proliferate owning to an 
increased intrinsic (de novo) or acquired resistance 
to anti-cancer drugs. This makes the clinical therapy 
ineffective, leads to tumor recurrence and results in high 
mortality rates in cancer patients. Decreased experssion 
of energy dependent transporters to retain drugs inside 
the cancer cells and increased efficacy of drug response 
by sensitizing these subset of cancer cells to drug 
induced apoptosis could be key mechanisms towards 
improved treatment of cancer. Therefore, there is an 
urgent need to understand the molecular mechanisms 
controlling CSCs population and functions to develop 
effective therapies to eradicate recurrence which is a 
real threat to complete cancer cure. Emerging evidences 
have suggested the critial involvement of protein-coding 
genes as well as non-coding RNAs (ncRNAs) including 
microRNAs (miRNAs) in various types of cancers and 
serve important role in CSCs functions. Recent findings 
on the miRNAs, responsible for the maintenance and 
regulation of CSCs properties like tumorigenicity and 
drug resistance, are briefly summarized in the later 
sections. Gaining further insight into the potential and 
therapeutic approaches by targeting CSCs using miRNAs 
as a tool would be helpful for deciphering and designing 
future strategies for human cancer treatment with better 
outcome by preventing metastatic progression and 
tumor recurrence.

CSCS 
CSCs with tumor intiating potential constitute only 
a fraction of neoplastic cells and were first reported 
by Lapidot et al[1]. These cells are endowed with the 
capacity of long term proliferation, ability to undergo 
symmetric cell division and seed new tumors by 
virtue of their intrinsic self-protection and self-renewal 

capabilities. Capacity for self-renewal, propagation of 
differentiated progenitors and the expression of specific 
stem cell genes are some of the biological properties 
that are shared by both normal and CSCs. Accumulation 
of genetic and epigenetic alterations degregulate the 
basic stem cell biology and distinguish CSCs from the 
normal stem cells in their chemoresistance, enhanced 
tumorigenic and metastatic activities[2]. Recent 
experimental studies have identified the activation 
of oncogenes and inactivation of tumor suppressor 
genes to be responsible for self-renewal ability and 
pluripotency of CSCs[3]. Concept of heterogeneity 
among CSCs as stationary and migrating CSCs came 
into existence with the discovery of process of epitheilal-
to-mesencymal transition (EMT). EMT is a crucial 
event which allows the stationary CSCs at the primary 
site to loose their epithelial character, morphological 
transition, and loss of cell-cell adherence. This transition 
imparts high motility to the stationary CSCs, which is 
a necessary requirement by migrating CSCs for local 
invasion and metastatic dissemination. The concept of 
migrating CSCs and especially EMT as a widespread 
mechanism of stem cell generation validates the 
dynamic nature of CSCs and strongly supports the 
current CSC theory[4,5].

Over the past few years, number of studies have 
reported the isolation and charecterization of CSCs for 
hematological malignancies including acute lympho
blastic leukemia, chronic myeloid leukemia, acute 
myelogenous leukemia, multiple myeloma and also 
for solid tumors of breast, colon, stomach, brain, lung, 
liver, skin, prostate, testis, ovary and pancreas[6]. The 
subpopulation of CSCs are identified, isolated and 
charecterized on the basis of capacity to form sphere-
clusters with a high clonogenic efficiency, a stronger 
self-renewal ability and much higher levels of cell 
cycle markers which account for G1-S/G2-M phases 
progression, side population profile and stemness gene 
expression.

Stem cell maintenance, survival, self-renewal and 
differentiation of CSCs are known to be regulated by 
several signaling pathways and molecules. Notch, Wnt/
catenin, sonic hedgehog, bone morphogenetic protein, 
receptor tyrosine kinase and TGF-β signaling pathways 
are studied to be aberrantly active in CSCs and 
regulate self-renewal activity, thereby play significant 
role in tumor initiation and development in various 
malignancies including breast, colorectal, prostate, 
pancreatic, glioma, leukemia and colon cancers[7-11].

CSCs are not only the source of initial tumor for
mation, postoperative recurrence and metastasis 
but also contribute to chemo/radioresistance. High 
invasiveness and frequent recurrence due to the 
presence of inefficient DNA repair mechanisms, which 
render CSCs highly resistant to chemotherapeutic and 
ionizing radiations, are the main reasons for treatment 
failure and recurrent disease[12,13]. Targeting the 
pathways and mechanisms behind the development of 
chemo/radioresistance, modifying the niche of cancer 
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cells, regulating the cellular response to damage by 
modulating apoptosis, cell cycle proliferation, DNA 
repair, invasion and differentiation functions might 
help in eliminating CSCs subpopulation and developing 
therapeutic strategies for complete cancer treatment 
with no relapse.

MiRNAs have gained widespread attention in mo
dulating the CSCs functions through affecting the 
expression level of target genes and proteins that are 
involved in signaling pathways including cell proliferation 
and cell death. Recent advancements on the role of 
miRNAs in regulation and maintenance of tumor cells 
with stem cell properties are discussed in later sections.

MIRNAS AND THEIR REGULATORY 
FUNCTIONS IN CSCS
MiRNAs and its biogenesis
The most important advancement over the past recent 
years is the discovery of non-coding RNA families 
which are actively transcribed from the genome of 
many organisms and generate widespread changes 
by regulating vital biological processes. Among them, 
miRNAs are the novel small non-protein coding, evo
lutionarily conserved, 21-23 nucleotide long single-
stranded RNA molecules. Many important diverse 
functions of miRNAs include the regulation of cellular 
differentiation, proliferation and apoptosis by regulating 
the stability or translational efficiency of target 
messenger RNAs which are expressed in tissue-specific 
or developmental stage-specific manner. 

MiRNA-mRNA target recognition due to sequence 
complementarity of the lin-4 miRNAs to multiple 
conserved sites within the lin-14 3’ untranslated region 
(3’UTR) leads to the discovery of miRNAs way back in 
1993 during genome study in Caenorhabditis elegans 
development[13,14]. MiRNAs are randomly located in 
mammalian genome and the complex process of 
biogenesis begins in nucleus with the transcription of 
polycistronic primary-miRNA (pri-miRNA) transcript by 
RNA polymerases Ⅱ and Ⅲ[15,16]. Hundreds or thousands 
of nucleotides long pri-miRNA transcripts with one or 
many stem loops, 5’ capping and 3’ polyadenylation, 
undergo further cleavage by nuclear microprocessor 
complex containing enzymes Drosha, RNA Ⅲ 
endonuclease and double stranded RNA binding protein 
DiGeorge syndrome critical region 8 (DGCR8)[17,18]. The 
resulting 70 nucleotide long pre-miRNAs are exported 
to cytoplasm by exportin 5 and Ran-GTP[19]. Another 
enzyme, RNA Ⅲ endonuclease known as Dicer, cleaves 
hairpin-like pre-miRNA into two complementary frag
ments and one of which is mature miRNA[20]. Mature 
miRNA strand is then incorporated into the members 
of Agronaute protein family, which constitutes the 
catalytic portion of the multi-protein RNA-induced 
silencing complex (RISC). MiRNAs then direct RISC to 
target mRNAs which share sequence complementation 
in seed region that consists of nucleotides at position 

2-8 of 5’ end of mature miRNA. Complementation 
between the seed sequence and 3’UTR of target mRNA 
results in mRNA transcript degradation while imperfect 
complementation results translational repression[21]. 
Nuclear pri-miRNA and cytoplasmic pre-miRNA cleavage 
steps and mature miRNA-target mRNA recognition sites 
are the potential therapeutic points against cancer by 
regulating miRNA processing, its biogenesis and miRNA 
functions (Figure 1).

Statsitical methods and profiling studies validate the 
presence of miRNAs in close proximity to chromosomal 
breakpoints, cancer associated genomic regions and 
fragile sites where mutations/deletions can occur. Loss 
of tumor suppressive miRNAs and increased expression 
of oncogenic miRNAs enhance the expression of target 
oncogenes and represse the target tumor suppressor 
genes respectively. Deregulation of novel miRNAs 
expression leads to induction of anti-apoptotoic activity, 
tumor invasion, drug resistance and metastasis and has 
been correlated with the pathogenesis of cancer. MiRNAs 
are present in complex regulatory circuits to regulate 
stem cells function and are being examined to play 
important role in generation of CSCs, maintenance of 
enhanced self-renewal capacities of CSCs, pluripotency 
and their neoplastic transformation into tumors (Figure 
2).

MiRNAs in maintenance and regulation of CSCs 
properties
Many important functions of miRNAs in embryonic 
development and stem cells regulation in mammals are 
investigated. Dynamic expression profile of miRNAs in 
CSCs validates its significant role in controlling the self-
renewal ability, pluripotency, diffentiation of progenitor 
cells, prosurvival and antistress mechanisms (Table 1). 

MiRNAs playing role in differentiation processes 
can either directly suppress the self-renewal state by 
suppressing the markers of pluripotency including 
Nanog, POU class 5 homoebox 1 (POU5f1) also known 
as Oct4, Kruppel like factor 4 and sex-determining 
region Y-box containing gene 2 [Sox2, a crucial tran
scription factor for the maintenance of embryonic 
stem cell (ESC) pluripotency and the determination 
of cell fate], or stabilize the differentiated cell fate by 
targeting the transcripts that are regulated by the 
pluripotency transcription factors including Oct4, Sox2, 
Nanog and Tcf3[22]. The transfection of let-7c, member 
of Let-7 family has been shown to rescue the differenti
ation defects in DGCR8-/- cells by downregulating the 
stemness genes including Oct4, Sox2 and Nanog[22]. 
Negative feedback regulation between Lin-28, a marker 
of undifferentiated ESCs and Let-7 family members 
has been reported in mouse differentiated cells and 
embryonic carcinoma cells[23]. Reduced patient survival 
and tumor relapse in human colon adenocarcinomas 
has been correlated with increased expression of 
Lin-28[24]. Studies on inhibition of Sox2 and placenta-
specific 1 gene by miR-126 has been reported in gastric 
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induces apoptosis, thereby could increase chemother
apeutic and radiotherapeutic sensitivities in pancreatic 
cancer cells[28,29]. Suppression of tumorigenesis in 
vitro has been found to be regulated by miR-134 by 
downregulating the Notch target proteins and affecting 
G2/M pahse of cells in human endometrial CSCs[30]. 
Independent study by Park et al[31], 2013 revealed the 
differential expression of 43 miRNAs and their putative 
target genes such as p53, ErbB1, Notch, Wnt, and 
TGF-β signaling pathways which are the key regulators 
for stem cells and are mainly involved in cell death, 
cellular development, cellular growth, proliferation and 
maintenance of cancer and stem cell in glioblastoma 
multiforme (GBM) which is the most aggressive primary 
brain tumor, and notorious for resistance to chemo/
radiotherapy.

Owning to high degree of biochemical specificity 
and potency shown by miRNAs in regulating the 
multiple vital pathways that can significantly affect 
the cancer progression, development of miRNAs as 
therapeutic molecule in association with anti-cancer 
drugs provides immense opportunities to counteract 
chemo/radioresistance and improve treatment outcome 
in various human cancers. Recent advances in the 
mechanisms, co-delivery of therapeutic molecules using 

carcinogenesis[25].
First oncomiR reported as miR-17-92 polycistron 

has been examined to regulate c-Myc expression and 
accelerate tumor development in stomach, prostate, 
pancreatic, colon, lung and breast cancers. Novel stem 
cell specific miRNAs including miR-290, miR-302/367 
and miR-371 clusters are identified in human ESCs 
and exhibit altered cell cycle profile and inhibit ESCs 
transition from self-renewal to differentiated state. 
Members of the miR-302 family has been shown to 
reprogram human skin carcinoma cells ino pluripotent 
ESC-like state[26].

Inhibition of tumor sphere growth in vitro and 
tumor formation in vivo upon restoration of miR-34 has 
been concluded to be associated with the suppression 
of growth of CSCs with biomarkers of CD44+ and 
CD133+ in human pancreatic cancer cells. These CSCs 
are deficient in miR-34 and show higher expression of 
Bcl-2 and Notch, which are the target genes for tumor 
suppressor like p53, and are involved in survival and self-
renewal of CSCs. MiR-34 has been shown to inhibt the 
reprogramming through repressing pluripotency genes 
like Nanog, Sox2 and N-Myc[27]. Further research has 
confirmed that restoration of miR-34 directly regulates 
Bcl-2 and Notch target genes, activates caspase-3, 
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Figure 1  MicroRNA biogenesis, activity and potential therapeutic targets. Mature miRNAs are generated from hairpin-like longer primary transcripts by two 
sequential processing steps mediated by a nuclear (Drosha) and a cytoplasmic (Dicer) RNAase III endonuclease. MiRNA then directs RISC to target mRNAs which 
share sequence complementation between seed region at 5’ end of mature miRNA and 3’UTR of target mRNA. Stability of miRNA:mRNA recognition and degree 
of complementation leads to translational activation but more commonly mRNA degradation and translational repression. Potential therapeutic target sites are 
shown which include steps during miRNA biogenesis and target mRNA recognition. 3’UTR: 3’ untranslated region; RISC: RNA-induced silencing complex; miRNA: 
MicroRNAs; Ago: Agronaute.
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nano-carriers and various advantages of combinational 
therapy in elimination of CSCs population and in 
complete cure of human cancer with no recurrence or 
metastasis are discussed in the subsequent section.

COMBINATIONAL THERAPEUTIC 
APPROACHES TO TARGET CSCS
MiRNAs involved in acquisition of stem cell-like pro
perties, regulation and reprogramming by cancer cells 
during cancer progression are not only exploited as 
molecular biomarkers to predict the risk of metastasis, 
systemic treatment resistance, and disease relapse of 
patients with cancer but are also an important novel 
therapeutic tools to improve patient-tailored treatments 
based on the unique signatures of a patient disease. 
MiRNAs can function as tumor suppressors or oncogenes 
and thereby either silence or express hundreds of 
genes and at the same time, where one gene can be 
targeted by multiple miRNAs. Local administration 

of miRNA-sponges which are the transcripts having 
multiple, tandem binding sites to the miRNAs of 
interest; antagomiRNAs/anti-miRNAs (highly chemically 
modified miRNA passenger strand) which include strong 
RNA binding analog locked nucleic acid in mixers with 
DNA, charged neutral anti-miRNA oligonucleotides like 
peptide nucleic acid, phosphorodiamidate morpholino 
oligonucleotides, 2’-modified anti-miRNA oligonu
cleotides such as 2’-O-methyl, 2’-O-methoxyethyl 
(MOE), 2’-fluoro/2’-methoxyethyl mixers (2’F/MOE) 
enhance binding affinity for their RNA targets, steric-
block potency and biostability and induce inhibition of 
endogenous miRNA functions following miRNA- anti-
miRNA oligonucleotide binding in a chemistry dependent 
manner[32,33]. Expression levels of related miRNA families 
that share the same seed sequence can be effectively 
reduced by using synthetic mRNAs, which contain 
multiple binding sites for endogenous miRNAs[34]. MiRNA 
replacement therapy is another important therapeutic 
intervention which is based on the systematic delivery of 
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Figure 2  MicroRNAs affect and regulate the key properties of cancer stem cells. Tumor microenvironment influences the maintenance and properties of CSCs. 
Secreted growth factors and cytokines from cancer cells, hypoxia, oncogene activation, DNA damage, errors in DNA repair and aberrant microRNA expression modify 
cancer cell functions by increasing the self-renewability, cell cycle exit and differentiation, epitheilal-to-mesenchymal transition, migration, invasion and survival rate in 
CSCs thus promote cancer progression and or tumor recurrence. CSCs: Cancer stem cells.
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miRNA mimics into the cytoplasm of target cells to gain 
tumor suppressor functions. Inducing miRNA-mediated 
biological processes or blocking specific targets either 
could reverse the development of cancer or delay 
tumor growth[35]. Besides this, based on the relationship 
between expression of miRNA-regulated target genes 

and their reaction to drug therapies, some other miRNAs 
are explored which can mediate molecular target drugs 
and regulate chemosensitivities and chemoresistances 
of cancer. Experimental evidences document that the 
co-administration of CSCs with either antagomiRNAs/
anti-miRNAs or miRNA mimics along with potential 
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MicroRNAs Transcript target Relevance to cancer progression and its biological functions Ref.

Upregulated microRNAs
miR-1246 CCNG2 Pancreatic cancer: Induces chemoresistance and CSC-like properties [53]
miR-495 E-cadherin and REDD1 Breast cancer: Promotes oncogenesis and hypoxia resistance [54]
miR-371-373 cluster Wnt/β-catenin, DKK1 Many cancers: Promotes cell growth and invasive activity [55,56]

Myc Liver cancer: Regulates the properties of CSCs
miR-216a/217 PTEN and SMAD7 Hepatocellular carcinoma: Increased proliferation, migration and 

metastatic ability
[57]

miR-210 Nanog, Oct4 and EZH2 Pancreatic cancer: Increased cell migration and invasion [58]
miR-191 BASP1, Wnt/β-catenin Lung cancer: Increased migratory potential and neoplastic properties [59]
miR-130b P53-induced nuclear protein 1 Acute myeloid leukemia: Regulates hematopoietic stem cells [60]
miR-29a P53-induced nuclear protein 1 Acute myeloid leukemia: Regulates hematopoietic stem cells [61]
miR-21 Nanog, Oct4 and EZH2 Pancreatic cancer: Increased cell migration and invasion [58]
miR-18 DLL4, inhibitor of Notch signaling Glioma: Promotes tumorigenic potential of GSCs [62]

Downregulated microRNAs
Let-7 Lin-28 Colon adenocarcinomas: Promotes cell migration, invasion and 

transforms immortalized colonic epithelial cells
[24,63]

Pancreatic cancer: Increased pluripotency
miR-487b SUZ12, BMI1, WNT5A, MYC, and KRAS Lung cancer: Increased proliferation and invasion [64]
miR-451 SMAD 3 and 4 GBM: Controls GBM stem cells differentiation [41]
miR-326 Hh smoothened signal transducer Chronic myeloid leukemia: Increased cell proliferation and decreased 

apoptosis
[65]

miR-204 Sox4 and Ephrin receptor EphB2 Glioma: Involved in GSCs self-renewal and invasion [66]
miR-200 family VEGFR1, VEGFR2 and EMT-related 

transcription factors 
Pancreatic cancer: Regulates CSCs properties [63]

miR-200a ZEB1, ZEB2, SNAIL and SLUG
N-cadherin, ZEB1,vimentin, 

Pancreatic cancer: Increased cell migration and invasion [67]

E-cadherin
miR-181 ATM Breast cancer: Regulates the properties of CSCs [68]
miR-150 MYb Acute myeloid leukemia: Blocking of myeloid differentiation [69]
miR-143/145 cluster KRAS2 and its downstream effector 

RREB1
Pancreatic cancer: Regulates CSCs survival [70]

miR-145 Oct4, Sox2, Nanog, Klf4 as well as Kras 
and Rreb1

Pancreatic cancer: Increased pluripotency [63]

miR-128 Histone methylation [H3K27me(3)], Akt 
phosphorylation, p21(CIP1) Bmi-1 

Glioma: Increased self-renewal and proliferation [71]

miR-107 Nanog, Oct3/4, and Sox2 Head and neck squamous cell carcinoma: Increased CSC proliferation [72]
miR-100/let-7a-2/miR-125b-1 
cluster

Myc Liver cancer: Regulates the properties of CSCs [56]

miR-34 family Notch and Bcl-2 Pancreatic cancer: Involved in self-renewal of CSCs [28,29]
miR-29b-1 CD133, N-Myc, CCND2, E2F1 and E2F2, 

Bcl-2, IAP-2, Oct3/4, Sox2 and Nanog
Osteosarcoma: Increased proliferation, self-renewal and 

chemoresistance
[73]

miR-27a 14-3-3θ, Bax and Bad Acute leukemia: Regulate apoptosis [74]
miR-23b Cell cycle arrest Glioma: Inhibits proliferation [75]

Table 1  Some of the potential microRNAs involved in regulation of cancer stem cells

CCNG2: Cyclin-G2; DKK1: Dickkopf-1; PTEN: Phosphatase and tensin homolog; BASP 1: Brain abundant, membrane attached signal protein 1; ATM: 
Ataxia telangiectasia mutated; Myb: Myeloblastosis protooncogene protein; RREB1: Ras-responsive element binding protein-1; IAP-2: Inhibitor of 
apoptosis 2; CCND2: Cyclin D2; GSC: Glioma stem cell; CSC: Cancer stem cell; REDD1: Regulated in development and DNA damage responses 1; 
Myc: Myelocytomatosis viral oncogene; SMAD7: Homologs of caenorhabditis elegans protein small body size and drosophila protein mothers against 
decapentaplegic family member 7; Oct 4: Octamer-binding transcription factor 4; EZH2: Enhancer of zeste homolog 2; P53: Tumor protein 53; DLL4: Delta 
like ligand 4; SUZ12: Polycomb repressive complex 2 subunit; BMI1/Bmi-1: BMI1 proto-oncogene, polycomb ring finger; WNT 5A: Wingless-type MMTV 
integration site family, member 5A; KRAS: Kirsten rat sarcoma viral oncogene homolog; SMAD3 and 4: Homologs of caenorhabditis elegans protein small 
body size and drosophila protein mothers against decapentaplegic family member 3 and 4; Hh: Hedgehog; Sox 4: Sex-determining region Y-box containing 
gene 4; EphB2: Ephrin type-B receptor 2; VEGFR1: Vascular endothelial growth factor receptor 1; VEGFR2: Vascular endothelial growth factor receptor 
2; EMT: Epithelial-to-mesenchymal transition; ZEB1: Zinc finger e-box binding homeobox 1; ZEB2: Zinc finger e-box binding homeobox 2; E-cadherin: 
Epithelial-cadherin; Klf4: Kruppel like factor 4; H3K27 me (3): Histone H3K27me3 (trimethy Lys27); Akt: Protein kinase B; Bcl-2: B-cell lymphoma 2; E2F1: 
E2F transcription factor 1; E2F2: E2F transcription factor 2; Bad: Bcl-2-associated death promoter; Bax: Bcl-2-associated X protein; P21 (CIP1): Cyclin-
dependent kinase inhibitor 1A; GBM: Glioblastoma multiforme.



anti-cancer drugs can better sensitize cancer cells to 
promote apoptosis and autophagy, downregulate efflux 
transporters, revert EMT and inhibit tumor angiogenesis 
and could be employed as a more popular therapeutic 
approach for better clinical outcome in the treatment of 
human malignancies (Figure 3).

Viral vectors like lentiviral/adenovirus vectors are 
efficient delivery systems for miRNAs but toxicity and 
immunogenicity are the major hurdles for their clinical 
use. MiRNAs enclosed into non-viral particles, nanopar
ticles (NP) to form micelle-like structures for their 
effective delivery and enhanced stability in circulation. 
Some of the commonly used NPs for miRNAs delivery 
include polycationic-liposome hyaluronic acid, neutral 
lipid 1,2 dioleoyl-sn-glycero-3 phosphatidylcholine, 
polyethyleneimine, dendrimers, protamine, ateloco
llagen, poly(lactide-co-glycolide) particles, gold- or silica-
based inorganic NPs. Binding of tumor specific ligands to 
NPs or conjugation with different compounds that have 
specific affinity with tumor cells ensure tissue-specific 
targeted delivery of miRNAs[36]. Some of the significant 
recent work being conducted in cancer cell lines and or 
animal models to understand the cellular processes that 
regulate CSCs functions and investigate the therapeutic 
effects of miRNAs and add new dimensions in cancer 
treatment, are being discussed here (Table 2).

The effects of knockdown of miR-21 expression 
include induced apoptosis, reduced cell proliferation, 
invasion, and colony formation ability of colon tumor 
cells, inhibited G1/S cell cycle transition and increased 
sensitivity of cancer cells to 5-Fluorouracil (5-FU) chemo
therapy. Direct targeting of human mut S homolog 2 
and indirect regulation of the expression of thymidine 
phosphorylase and dihydropyrimidine dehydrogenase 

by miR-21 confirms its important role in enhancing 
the sensitivity of 5-FU resistance of colon cancer cells. 
Re-emergence of chemotherapy-resistant CSCs could 
be one of the possible reasons for recurrence in colon 
cancer[37]. The synergistic effect of increased miR-145 
and reduced miR-21 expression which target Wnt/
β-catenin signaling pathway along with co-delivery of 
metformin, in combination with 5-FU and oxaliplatin, has 
been examined inducing cell death in chemoresistant 
colon cancer cells, inhibiting colonospheres formation 
and enhancing colonospheres disintegration in the 
treatment of recurring colon cancer[38]. The delivery of 
synthetic Cy5-tagged anti-miR-9 to the resistant GBM 
cells has been observed to reverse the expression of 
the drug efflux transporter, P-glycoprotein and stimulate 
the sensitization of GBM cells to temozolomide, as 
shown by increased cell death and caspase activity[39]. 
Experimental studies by Shi et al[40], 2014 demonstrate 
the therapeutic effects of miR-125b inhibitor in enhancing 
the invasion-prevention activity of temozolomide in 
glioblastoma stem cells through targeting PIAS3 [protein 
inhibitor of activated signal transducer and activator 
of transcription (STAT)], which contributes to reduced 
STAT3 transcriptional activity and subsequent decreased 
expression of matrix metalloproteinase-2 (MMP-2) and 
MMP-9.

The cooperative effect of miR-451 (having a target 
site for SMAD in its promoter region) in combination 
with imatinib mesylate treatment in dispersal of 
GBM neurospheres and reduced tumorigenicity in 
glioblastoma validates this co-treatment as a new 
potential drug against the stem-cell like characteristics 
of glioblastoma[41]. The delivery of combinational 
formulations of gemcitabine and miR-205 conjugated 
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Co-delivery of microRNAs/anti-cancer drug Biological functions Cancer type Ref.

Oncogenic microRNAs
miR-9/temozolomide Inhibit the expression of drug efflux transporter, P-glycoprotein Glioblastoma multiforme [39]
miR-21/metformin, 5-Fluorouracil and Oxaliplatin Target Wnt/β-catenin Colon cancer [38]
miR-125b/temozolomide Target PIAS3, which contributes to reduced STAT3 

transcriptional activity and subsequent decreased expression of 
MMP-2 and -9

Glioblastoma [40]

miR-125b/temozolomide Target pro-apoptotic Bcl-2 antagonist killer 1 and sensitize CSCs 
to temozolomide induced apoptosis

Glioblastoma [76]

Tumor suppressor microRNAs
miR-612/cisplatin,
5-Fluorouracil

Target Wnt/β-catenin, regulate EMT and inhibit cell proliferation, 
migration, invasion, and metastasis

Liver cancer [48]

miR-205/gemcitabine Decreased tumor cell population and increased apoptosis Pancreatic cancer [42]
miR-200c/docetaxel Reduced TUBB3 level, and reversed EMT Gastric cancer [43]
miR-146a/cetuximab Target Numb to stabilize β-catenin, regulate EMT, direct ACD-to-

SCD switch
Colorectal cancer [77]

miR-145/metformin, 
5-Fluorouracil and Oxaliplatin

Target Wnt/β-catenin Colon cancer [38]

miR-34 family/5-Fluorouracil Repression of c-Kit by p53 Colorectal cancer [45]
miR-34a/doxorubicin Target Notch1 and reduce cancer stem cell properties Breast cancer [44]

Table 2  Targeting cancer stem cells with specific microRNAs as a potential combinational therapeutic strategy in human cancer

STAT: Signal transducer and activator of transcription; PIAS3: Protein inhibitor of activated STAT; MMP: Matrix metalloproteinase; ACD: Asymmetrical 
cell division; SCD: Symmetrical cell division; EMT: Epitheilal-to-mesencymal transition; CSC: Cancer stem cell; MMP: Matrix metalloproteinase; TUBB3: 
Tubulin beta class Ⅲ.



copolymers in pancreatic cancer cells effectively reversed 
chemoresistance, invasion and migration by inducing 
apoptosis and inhibiting the growth and proliferation 
of CSCs[42]. In an another study, synergetic effects of 
targeted delivery of miR-200c and docetaxel (DOC) by 
gelatinases-stimuli NPs on inhibition of CSCs and non-
CSC cancer cells in gastric cancer has been verified. The 
treatment of cancer cells with miR-200c/DOC NPs has 
been shown to significantly enhance the cytotoxicity 
of DOC, possibly by decreasing tubulin beta 3 Class 
Ⅲ (TUBB3) level and reversing EMT, thereby affect 
tumor cell viability, migration and invasion[43]. Ectopic 
expression of another tumor suppressor, miR34a has 
been studied to reduce CSCs properties and increase 
sensitivity to doxorubicin treatment by directly targ
eting Notch1 in chemoresistant breast cancer cells[44]. 
c-Kit has been established as a new direct target of 
miR-34 where p53-induced miR-34 microRNA family 
mediated repression of c-Kit via a conserved seed-
matching sequence in the c-Kit 3’-UTR, result reduced 
chemoresistance to 5-FU, reduced migration/invasion 
and stemness, further proves the hypothesis that this 
regulation interferes with several c-Kit-mediated effects 
in colorectal cancer cells[45]. Recent preliminary studies 
document the tumor growth inhibition in human non-
small cell lung cancer xenografts and KRAS-G12D 

transgenic mouse model or the elimination of self-
renewing breast CSCs upon therapeutic delivery of 
Let-7 mimics[46,47]. Up-regulation of miR-30e with tumor 
suppressor functions by downregulating BCR-ABL 
(Breakpoint cluster region-Abelson murine leukemia 
viral oncogene homolog 1) expression in chronic 
myeloid leukemic cells has been examined to render 
therapeutic efficacy against this disease. Owing to 
presence of putative target site for miR-30e in the 3’
UTR of the ABL gene, enforced expression of miR-30e 
in K562 cells has been shown to suppress proliferation 
and induce apoptosis of these cells and sensitize 
them to imatinib treatment[48]. Attenuation of EMT by 
retaining epithelial cell morphology, reducing the levels 
of α-smooth muscle actin and increasing the levels of 
E-cadherin in human kidney proximal tubular epithelial 
cells has been observed after enforced expression of all 
the three members of miR-106b-25 cluster (miR-106b, 
miR-93 and miR-25) in salvianolic acid B[49].

Protective functions of decreased expression of 
oncogenic miR-21 and increased expression oftumor 
suppressor miR-138 regulated by α-solanine has been 
shown in prostate cancer. These therapeutic effects 
have been experimentally examined to be mediated by 
suppressing extracellular signal-regulated kinases and 
phosphatidylinositol-3 kinase - serine/threonine kinase 
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Treatment with conventional 
chemo/radiotherapeutic drugs

Treatment with conventional 
chemo/radiotherapeutic drugs and 

microRNA approach

Targeting cancer and cancer stem cells Targeting cancer and cancer stem cells

Genotoxic insults

Tumor shrinkage

Dedifferentiation

Tumor relapse

Tumor growth
No tumor relapse/growth

Tumor regression

Tumor shrinkage

Genotoxic insults

Figure 3  Effective novel tumor therapies. Conventional chemo- and radio-therapeutic drugs target the bulk of tumor cell population and lead to tumor shrinkage. 
Cancer stem cells however develop resistance to these drugs and as a result of genotoxic insults, tumor cells relapse. MicroRNA approach along with the chemo and 
radiotherapeutic drugs as a novel treatment strategy target transit amplifying cells as well as differentiated cancer cells and induce differentiation in cancer stem cells 
thereby remove the bulk of tumor and also the source of cancer.



signaling pathways, inhibiting EMT, reducing proliferation 
and inducing apoptosis[50].

Systemic administration of cationic lipid NP/pre-
miR-107 significantly has been shown to retard tumor 
growth by 45.2% compared to NP/pre-miR-control 
by decreasing the expression of miR-107 targets 
including protein kinase Cε, cyclin-dependent kinase 
6, and hypoxia-inducible factor 1-β. NP/pre-miR-107 
further has been shown to reduce the cancer-initiating 
cell population and dampen the expression of the 
core embryonic stem cell transcription factors, Nanog, 
Oct3/4, and Sox2 and inhibit the clonogenic survival, cell 
invasion, and cell migration of head and neck squamous 
cell carcinoma cells[51].

Overexpression of miR-612 has been shown to 
suppress the stemness of hepatocellular carcinoma by 
reducing the number and size of tumorospheres, clone 
formation in soft agar and relieve the cancer cells from 
drug resistance to cisplatin and 5-FU by targeting Wnt/
β-catenin signaling, thereby control EMT-associated 
stem cell-like traits[52].

Diverse cellular pathways that modulate CSCs fun
ctions act in concert with various molecular events and 
promote tumor initiation, progression and metastasis. 
Over the past recent years, emergence of miRNAs and 
molecular-targeted therapies has intensified research 
in the development of miRNA based therapeutic agents 
for cancer treatment with improved clinical outcome. 
Preclinical therapeutic data on mechanistic regulation 
of metastasis by miRNAs from in vitro studies need to 
be reevaluated in genetically engineered animal models 
which could further help us to provide new insights 
into clinical applications of miRNAs. Understanding 
the complex network of biological properties of CSCs, 
their control by multifunctional miRNAs and potential 
involvement of miRNAs in the development of anti-
cancer drug resistance, reversion of cancer stemness 
and thereby rendering advanced cancers more sus
ceptible to long term control are some of the open 
challenges to design novel strategies that can be used 
in preventive and treatment settings as an adjuvant to 
current cancer therapeutics.

CONCLUSION
CSCs which reside as a subset in many cancers are 
capable of self-renewal, tumor initiation, recurrence, 
metastasis, conferring resistance to anti-neoplastic 
drugs are still considered as huge obstacles on the 
way to cure cancer. This highlights the need to design 
strategies and therapeutics that specifically target and 
kill CSCs to eliminate cancer. Over the past few years, 
small ncRNAs, called miRNAs, have gained widespread 
attention in molecular biology due to their involvement 
in DNA translational control, their impression on 
mRNA and protein expression levels, and their ability 
to reprogram molecular signaling pathways in cancer. 
Differential miRNA profile in CSCs make them as 
potential biomarkers for aggressive tumor biology and 

therapeutic resistance and their biological specificity in 
targeting the various properties of CSCs make them 
strong targets for improving the response to anti-cancer 
drugs by sensitizing these cells to enhanced apoptotic 
effects of drugs. Novel anticancer therapies are based 
on the manipulation of oncogenic or tumor suppressor 
miRNAs by reducing or increasing their expression 
levels respectively. Success of using miRNAs as specific 
drug target in clinically relevant animal models as 
well as in preclinical development has been tested 
and determined by normal organ morphology, blood 
chemistries, serum cytokine levels, significant tumor 
regression and prolonged survival.
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