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Abstract 

MicroRNAs have been demonstrated to regulate fundamental cellular processes and, their alteration has been correlated 

with a variety of human cancers. Due to this, great enthusiasm has been shown in the use of miRNAs as a target in cancer 

therapy. Although we have made major advances in the understanding of cancer biology and pathogenesis as well as in 

the development of new targeted therapies, the progress in developing tests for early diagnosis and screening has been 

inadequate. As a result, most cancers are diagnosed in advanced stages, leading to low survival rate. Intense research 

today is focused on seeking specific molecular changes that are able to identify patients with early cancer or precursor 

lesions, for better treatment of patients. Emerging evidence suggests that inhibition of overexpressed oncogenic miRNAs 

or substitution of tumor suppressive miRNAs could become a novel treatment strategy in cancer therapy. 
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Introduction 

MicroRNAs (miRNAs), are small single-stranded RNA 
molecules, approximately 22 nucleotides (nt) long, which 
regulate gene expression. miRNAs function as a novel 
class of global gene regulators by binding to partially 
complementary sequences in 3′ untranslated regions 
(UTRs) of downstream target mRNAs [1]. Lee et.al., [2] 
identified the first microRNA in 1993 in Caenorhabditis 
elegans. miRNAs are naturally abundant and 
evolutionarily conserved non-coding RNA molecules 
found in both plants and animals [3]. MiRNA genes are 
found throughout the genome and it is estimated that 
they account for 2–5% of human genes [4]. 

Various cloning and bioinformatics studies predict 
that the human genome may contain up to 1000 miRNAs 
[5]. The miRBase database is a searchable database of 

published miRNA sequences and annotation. Each entry 
in the miRBase sequence database represents a predicted 
hairpin portion of a miRNA transcript (termed mir in the 
database), with information on the location and sequence 
of the mature miRNA sequence (termed miR). Both 
hairpin and mature sequences are available 
for searching and browsing, and entries can also be 
retrieved by name, keyword, references and annotation 
(http://www.mirbase.org/). 
 
miRNAs have critical functions in the development and 
establishment of cell identity, and aberrant metabolism 
or expression of miRNAs has been linked to human 
diseases, including cancer [6]. Worldwide, cancer is the 
third leading cause of mortality after cardiovascular and 
infectious diseases. Cancer is the second leading cause of 
death, exceeded only by heart diseases, and accounts for 
nearly one-quarter of deaths in the USA [7]. Biological 
samples such as blood, serum, pancreatic juice, stool or 
urine, as well as both DNA and RNA, have been analyzed 

Mini Review 

Volume 3 Issue 2 

Received Date: December 06, 2018 

Published Date: December 26, 2018 
DOI: 10.23880/cclsj-16000134 

 

 

https://medwinpublishers.com/CCLSJ
mailto:atvikav@gmail.com
https://doi.org/10.23880/cclsj-16000134


 Cell & Cellular Life Sciences Journal 

 

Indra Mani and Kavita Vasdev. MicroRNA in Prognosis, Diagnosis and 
Therapy of Cancer. Cell Cellular Lif Sci J 2018, 3(2): 000134. 

              Copyright© Indra Mani and Kavita Vasdev. 

 

2 

for detection of cancers.  
 

miRNA Dysregulation in Cancer 

It is considered that just like mRNA expression, miRNA 
expression is determined by both intrinsic cellular factors 
and different environmental variables [8]. Due to the 
critical role of miRNAs in biological processes, 
deregulation in miRNAs expression contributes in cancer 
initiation and progression [9]. Generally miRNA genes are 
dysregulated in cancer and influence tumor formation/ 
progression because they are located in regions of the 
genome, which are commonly overexpressed or deleted 
[10]. Hanahan and Weinberg [11] elucidated six essential 
features of cancer progression: insensitivity to anti-
growth signals, self-sufficiency in growth signals, limitless 

replicative potential, apoptosis evasion, sustained 
angiogenesis and tissue invasion and metastasis (Figure 
1). Angiogenesis is essential for tumor growth and 
metastasis [12]. Earlier studies have demonstrated that 
miRNAs are capable of controlling angiogenesis and 
tumor cell existence [13,14]. Furthermore, it has been 
demonstrated that dysregulated miRNAs contribute to 
oncogenesis by increased expression of oncomiRs or the 
loss of tumor-suppressing miRNAs. While tumor-
suppressing miRNAs are lost or reduced during 
oncogenesis, oncomiRs are amplified or overexpressed. 
Either loss of tumor suppressors or increased expression 
of oncomiRs ultimately results in increased cell growth, 
proliferation, invasiveness, or metastasis [15]. 

 
 

 

Figure 1: Interaction of miRNAs as oncogenic and tumor suppressor. let-7 suppresses translation of the Ras GTPase 
genes. The downregulation of let-7 promotes the cell cycle through the Ras-MAPK pathway. miR-17-92 may prohibit 
oncogene-induced apoptosis. PTEN, phosphatase and tensin homolog; PI3K, phosphoinositide-3 kinase; PKB, protein 
kinase B; MAPK, mitogen-activated protein kinase; ARF, alternative reading frame protein of p16INK4a locus. 
miRNA/miR, microRNA; p53, tumor protein 53; E2F1, transcription factor E2F1; Akt, RAC-α serine/threonine-protein 
kinase. Figure adapted from [16]. 

 
 

Epigenetic alterations have long been a hallmark of 
many types of cancer [17]. Silencing of miRNA genes by 
hypermethylation has been observed in breast cancer and 
colorectal cancer [18], while the expression of oncogenic 
miRNAs was increased by DNA hypomethylation in 
ovarian cancer [19]. Mapping studies have shown that 
miRNA silencing by methylation of miRNA promoter 
regions is associated with breast cancer development and 
metastasis [20]. Similarly, another study has 
demonstrated that methylation deregulation of miRNA 
promoters identifies miR124-2 as a survival biomarker in 
breast cancer in very young women [21]. Lung cancer is 

the leading cause of cancer death in men and women 
worldwide, accounting for more than 1.5 million deaths 
per year [22]. Several studies have analyzed the 
effectiveness of microRNAs in body fluids for the lung 
cancer screening [23,24]. Apart from DNA methylation, 
altered histone acetylation has been identified to play a 
role in reducing the expression of antioncogenic miRNAs 
in breast cancer cells [25]. Globally, urothelial carcinoma 
(UC) is the most common cancer affecting the urinary 
system. Lack of accurate early detection tools involves 
delayed diagnosis, preventing more efficient and timely 
treatment. A study has demonstrated that miR-129-2 and 



 Cell & Cellular Life Sciences Journal 

 

Indra Mani and Kavita Vasdev. MicroRNA in Prognosis, Diagnosis and 
Therapy of Cancer. Cell Cellular Lif Sci J 2018, 3(2): 000134. 

              Copyright© Indra Mani and Kavita Vasdev. 

 

3 

miR-663a were differentially methylated in UC compared 
with other genitourinary tract malignancies [26]. 
Hepatocellular carcinoma (HCC) is a major malignancy of 
the liver worldwide and many studies have demonstrated 
that MiR-222, miR-92, miR-17–5p, and miR-20 are 
increased in hepatomas [27]. 

 
Abnormal expression of even a single miRNA has the 

capacity to influence a huge number of cellular processes, 
as it is predicted that each miRNA has the potential to 
affect several proteins. Components of the miRNA 
machinery and miRNAs themselves are involved in 
many cellular processes that are altered in cancer, such 
as differentiation, proliferation and apoptosis [28]. Thus, 
dysregulation of miRNA’s can destabilize homeostatic 
balance by affecting levels of a mass of target proteins. 
 

miRNAs in Prognosis of Cancers 

The development of biomarkers that help in detection 
of cancer at an early stage, is important since early 
detection has a direct impact on prognosis and clinical 
outcome, as evidenced by a higher (49%) 5-year survival 
in lung cancer patients diagnosed at an early stage 
compared with those diagnosed later (15%) [7]. Currently 
employed tests for tumor biomarkers are cumbersome, 
time consuming, labor intensive and offer a relatively 
limited number of targets. Considering the simplicity and 
minimal invasive nature, the development of miRNA 
based biomarkers, which can be detected in body fluids 
like blood, serum or plasma is of considerable value [7]. 
miRNAs are considered better molecular markers than 
mRNAs because of the small size, relative stability and 
resistance to RNase degradation [29].  

 
RNA expression analysis by quantitative real-time PCR 

(qRT-PCR) has been a key contributing technology in 
current genomic and molecular biomarker research [30]. 
The recent advances in quantitative real-time PCR (qRT-
PCR) methods have improved the sensitivity of miRNA 
detection to a few nanograms of total RNA, therefore 
making it possible to quantify miRNA by qRT-PCR in small 
samples [31]. qPCR-based technologies have quickly 
evolved from single–gene to large-scale screenings, 
greatly contributing to characterization and 
categorization of disease [32] and gene expression 
analysis [33]. Current prostate-specific antigen–based 
screening trials show a dynamic condition for novel and 
noninvasive biomarker identification approaches to 
improve the prediction of prostate cancer behavior. 
Microfluidic-based multiplex qRT-PCR has known prognostic 
and diagnostic microRNA signatures in the sera of prostate 

cancer patients [34]. Colorectal cancer (CRC) is the third 
most frequently diagnosed cancer all over the world and 
the prognosis is associated with the stage at diagnosis. 
Due to insufficient sensitivity of tumor markers, there is a 
need for non-invasive, new biomarkers with high 
sensitivity and specificity and which will be helpful in 
early diagnosis. RT-PCR method has used to compare 
miRNA’s expression profiles between pathologically 
diagnosed CRC patients and healthy control groups. The 
study demonstrated that miR-150-5p, miR-30a-5p, miR- 
34a-5p, and miR-195-5p could be helpful in early 
diagnosis of CRC [35]. The differential expression of 
microRNAs (miRNAs) in plasma of pancreatic cancer 
patients may act as a diagnostic biomarker. Therefore, 
miRNAs have become valuable tools in the diagnosis, 
prognosis, and prediction of diseases [36]. Recently [37] 
have analyzed a six-miRNA signature using qRT-PCR 
assays in prognosis and diagnosis of pancreatic cancer. 
 

miRNAs in Diagnosis of Cancers 

MiRNAs aberrantly expressed during different stages 
of oral diseases unveil their potential utility as 
biomarkers in understanding the pathogenesis of disease 
and in monitoring disease activity and effects of therapy. 
Given the abundance of miRNA alterations in oral cancer 
and their stability in a wide range of tissues, miRNA 
detection may prove to be a valuable diagnostic tool [38]. 
Plasma levels of miR-31 (under-expressed) [39] miR-184 
(over-expressed) [40] and miR-10b (over-expressed) [41] 
were suggested to serve as tumor biomarkers for early 
detection of oral squamous cell carcinoma recurrence, 
which significantly dropped in patients following surgical 
removal of the tumor. 
 

miRNAs in Treatment of Cancers 

The exploitation of miRNAs has been shown to 
challenge cancer progression. Since the last decade, there 
has been a considerable increase in number of cancer 
researchers dedicated to exploring the therapeutic 
competency of miRNAs [42]. Currently, several 
technologies are available to manipulate specific miRNAs, 
resulting in either their activation or inhibition [43]. 
Transfection of small non-coding RNAs (sncRNAs) 
molecules has developed a routine method, which is 
widely used for silencing gene expression by triggering 
post-transcriptional and transcriptional RNA interference 
(RNAi) pathways. Furthermore, in the previous decade, 
small activating (saRNA) sequences targeting promoter 
regions were also described, thus a RNA-based gene 
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activation (RNAa) mechanism has been suggested [44]. In 
this respect, [45] recently determined an endogenous 
microRNA (miRNA) that binds its promoter in orders to 
upregulate its own expression (Turner et. al., 20014). The 
most common approaches used to abolish the miRNAs 
functionality consist of synthetic antisense 
oligonucleotides [46]. The reactivation of tumor 
suppressor miRNAs, such as miR-29b or miRNA-30-5p, in 
myeloma cells, has therapeutic effects [47]. In blood 
cancer, the therapeutic potential of miRNAs has also been 
addressed in different types of cancer including, but not 
limited to, leukemia [48], retinoblastoma [49] and 
glioblastoma [50]. 

 
MiRNA-based therapies pose challenges in tissue-

specific delivery and toxicity of miRNA. The relatively 
poor stability in the biological fluid, as well as the 
negative charge of mRNA molecules, make the cellular 
uptake of mRNAs difficult and their specific distribution 
into tissue [51]. To overcome these obstacles many 
strategies, including viral vector transportation, 
nanoparticle and cationic lipids inclusion, as well as 
chemical modification, have been investigated [52]. Given 
miRNA-based therapies, an additional aspect to consider 
is that miRNAs regulate several diverse genes. Therefore, 
manipulation of these molecules could create side effects 
and increase the risk of toxic phenotypes [51]. However, 
approaches, such as anti-miRs and cationic lipids-linked 
miRNAs delivery, have elicited toxicity in vivo [42]. The 
optimization of the stability of miRNAs, the improvement 
in delivery systems and targeted drug delivery as well as 
the understanding and control of off-target effects of 
miRNA therapeutics are challenges for the future 
development. 
 

Conclusions and Future Perspectives 

As miRNAs are a developing research field, our 
understanding of miRNA biogenesis function is still at its 
initial stage. Overall, miRNAs have demonstrated to be 
potentially valued tools both in cancer diagnostic and 
therapy. Concerted efforts are needed in future to 
improve our methodology, both technically and rationally, 
toward miRNAs biology, to overcome current challenges 
linked to the use of miRNAs. The current diagnostic 
methods in cancer lack sufficient sensitivity and 
specificity to facilitate the detection of cancer in its early 
stages. In the case of colon cancer, the available diagnostic 
tests are invasive, uncomfortable for the patient, as well 
as expensive. Furthermore, to improve the accuracy and 
efficiency of miRNA in cancer diagnostics, a combined 
evaluation of miRNAs and selective mRNA as well as 

protein markers will help in developing a more complete 
classifier. Although the field of miRNAs and their roles in 
diseases are in their beginning, more information 
becomes available about the function of miRNAs and their 
significance in various gene regulatory pathways with 
every passing week, leading to better insights into their 
role as diagnostic biomarkers. Additionally, with 
continuing technological advances facilitating easy and 
cost-effective methods for the detection of miRNAs, the 
idea of harnessing the tremendous potential of miRNAs as 
novel diagnostic biomarkers looks very promising. This 
approach would help find a suitable therapeutic solution 
against the progression and recurrence of cancer, as well 
as to minimize the risk of toxic effects elicited by the 
administration of miRNA-based drug. 
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