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MicroRNAs are short non-coding RNAs that regulate the levels of proteins by acting on its target mRNA, thereby gaining a trans-
lational control. Certain cells have distinct levels of miRNA, therefore, any aberration in miRNA expression is directly proportional to 
the deregulation of the proteins which it regulates; this may in turn lead to a disease condition. Till date, several miRNAs have been 
reported to play role in different aspects of various diseases including cancer. The major difficulties being faced in the anti-cancer 
therapy are: chemoresistance and local reoccurrence due to cancer stem cells. Notably, miRNAs have found to be regulating pathways 
involved in chemoresistance and modulating cancer stem cell attributes. Here, we give a brief outline about the role of miRNAs in 
cancer chemoresistance and stem cells.

MicroRNAs (miRNA) are small non-coding RNAs (ncRNAs) 
comprising of 20 to 24 nucleotides. They play essential role in 
the translational regulation of proteins chiefly by binding to the 
three major regions on the mRNA: 3’ UTR, coding and 5’ UTR. A 
single miRNA has the ability to regulate more than one protein. 
Till date, nearly 2000 miRNAs have been identified that are as-
sociated with regulation of human genome [1]. Besides, these 
miRNAs have also been identified in plants and other species, 
wherein they function similarly.

It has been two-decades since the identification of miRNAs 
and understanding of their biology. The group of Ambros and 
Ruvkun in 1993 reported the first mi RNA, lin 4 in C. Elegans 
[2], followed by the discovery of let-7 in the year 2000 by Re-
inhart., et al [3]. Since then, there had been a growing interest 
amongst the researchers for not only the identification of new 
miRNAs but also in deciphering the mechanism underlying the 
translational regulation mediated by small non-coding RNAs. 
This has resulted in generating various in-silico tools and appli-

cations that have significantly contributed in the determination 
of the miRNA targets [4].

Like any other RNA, synthesis of miRNA also begins with the 
key role of RNA polymerase II/III and is coded majorly by in-
tragenic introns [5]. miRNA biogenesis has been classified into 
canonical and non-canonical pathways; canonical being the ma-
jor driving force. The two pathway majorly differ in the source 
of gene from where the miRNA is transcribed. The common 
vital proteins and enzymes involved in these pathways are Di-
George Syndrome Critical Region 8 (DGCR8), ribonuclease III 
enzyme-Drosha, exportin 5 (XPO5) / RanGTP complex, RNase 
III endonuclease Dicer and Argonaute (AGO) class of proteins. 
The genes are first transcribed in the nucleus into primary miR-
NA (pri-miRNA) and further processed into precursor miRNA 
(pre-miRNA) with the help of DGCR8 and Drosha. XPO5/RanGTP 
complex aids in the translocation of the pre-miRNA to the cyto-
plasm where it is processed into a mature miRNA by the enzyme, 
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Dicer. Matured miRNA in association with AGO proteins forms 
a RNA Induced Silencing Complex (RISC) that leads to the deg-
radation of targeting mRNA. RISC- mediated silencing/degra-
dation of mRNA is achieved majorly by deadenylation of target 
mRNA [5].

Notably, besides being involved in normal physiology, miR-
NAs have also been implicated in several diseases. miRNAs fol-
low a distinct expression pattern in normal cells which however, 
in diseased condition is often disturbed and/or de-regulated. 
Aberrant miRNA expression affects the translation of various 
protein that are under its regulation, and this in turn, leads to a 
disease condition. Aberrant/Overexpression of miRNA has been 
reported in several cancer, viral, immunological and neuro-de-
generative diseases [6]. Particularly, in cancer, a causal link has 
been ascribed to the deregulation of several miRNAs. Success 
in cancer treatment has majorly been halted due to the acqui-
sition of chemoresistance and reoccurrence at a distant meta-
static site, which could be a contribution from cancer stem cells. 
There are growing evidences indicating that miRNAs directly or 
indirectly governs both these crucial factors.

Talking about chemoresistance, it is majorly acquired due to 
continued administration of a particular drug. There are vari-
ous key players and pathways that are involved in cancer che-
moresistance and stem cells namely; NF-κB, WNT/β-catenin, 
AKT-PI3Kinase, Notch signaling pathway, ABC transporter 
pumps: ABCG2, cancer stem cell markers (Nanog, Sox2, Oct4, 
Tcf3) and aldehyde dehydrogenase (ALDH) [7]. Various studies 
have indicated that the loss of tumor suppressive miRNAs in-
creases the expression of oncogenes whilst increased expres-
sion of oncogenic miRNAs represses the tumor suppressor 
gene. This cumulative accumulation of oncogenes and deple-
tion of tumor suppressive genes leads to differentiation as well 
as proliferation of cancer stem cells. The exponential growth 
of the cancer stem cells during any chemotherapy neutralises 
the effects to the drug being administered and ultimately results 
in chemoresistance against that drug. Doxorubicin, paclitaxel, 
platinum drugs are the drugs where majorly chemoresistance 
has been seen.

In lung cancer: miR221/222, miR30b/c, miR103, miR203 
and miR34a have been implicated in the chemoresistance as-
sociated with various tyrosine kinase inhibitors. Likewise, miR-

505, miR-181a, miR-663, miR-25, miR-145, miR-664a, miR-128, 
miR-30c, miR-326, miR-181a and miR-34a have roles in doxoru-
bicin resistance in breast cancer [8]. In gastric cancer: miR-15, 
miR-16, miR-21, miR-200bc/429, miR-181b, miR-497, miR-503, 
miR-143, miR-449, miR- 44ab, miR-508-5p, miR-223 and miR-
23-3p have proved their roles in the cisplatin chemoresistance 
[9]. These are just few of the many examples where miRNAs 
have been shown to be associated with the developing cancer 
chemoresistance. As highlighted above, miRNA dysregulation 
has also been linked with the functioning of cancer stem cells. 
For example, miR-191 [10] and miR-320 [11] through their 
modulation of Wnt/β-catenin pathway have been associated 
with cancer stemness of lung and prostate cancer respectively. 
miR- 34a by acting on the Notch signalling pathway, plays a ma-
jor role in breast cancer [12] and colon cancer stem cells [13]. 
Accordingly in recent years, miRNA have not only been used as a 
diagnostic marker but have also been employed as a therapeutic 
approach targeting cancer of various types.

Thus, developing miRNA-based therapy is receiving increas-
ing attention and has become the one of the prime focus of the 
scientific research targeting cancer treatment. Many novel for-
mulations are currently being designed for the delivery of miR-
NAs so as to maximize their bioavailability while minimizing 
the side effects, if any. Nano-formulations have proved to be the 
boon in the miRNA-based therapeutics system [14].

Overall, miRNAs serve as an important player in the regula-
tion of many pathways in the carcinogenesis and offers poten-
tial in developing new therapeutic approach to combat cancer 
chemoresistance and the reoccurrence due to the self- renewal 
property of cancer stem cells.
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