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Reducing false positive prediction of miRNA target genes 
with RNA sequencing: Hype or hope
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The microRNAs (miRNAs) regulate many biological processes and 
their altered expression is reported in many diseases including cancer 
[1-5], diabetes [6-8], and liver fibrosis [9-11]. They are never translated 
but manipulate gene expression by base-pairing with the 3' untranslated 
region (UTR) of their target mRNAs. Firstly, they were discovered as 
a short RNA produced by the lin-4 gene in Caenorhabditis elegans 
which represses the lin-14 mRNA. Initially, it was thought that they are 
unique only to nematodes but now it is well demonstrated that they are 
abundant in the diverse animal kingdom. It is also well established that 
they are involved in every cellular process including cell differentiation, 
proliferation, apoptosis, metastasis, and chemoresistance. More than 
60% of protein-coding genes in the human harbor’s miRNA target site 
[12]. In cancer, they can be oncomirs (oncogenes), tumor suppressors, 
prognostic markers, or therapeutic target. Since the expression pattern 
of miRNAs are highly specific, and functionally they regulate at the 
epigenetic level in genome, they are attractive biomarkers in medical 
research. These relatively new class of gene regulators has opened a new 
direction for drug discovery. Interest in miRNA-based therapy is now 
growing rapidly and literature is getting enriched with novel miRNAs 
and their target genes. Even though, miRNA-based therapy in the clinic 
is still far from the sight and many obstacles related to the specificity, 
stability, and delivery need to be addressed. Nonetheless, a clinical trial 
for some miRNA has already been initiated based on exciting data in 
non-human primates [13,14]. Since the expression profile of miRNAs 
is disease and tissue- specific, they can be more informative than the 
mRNA profile. The first disease specific expression (loss of) of miRNA 
was exploited in chronic lymphocytic leukemia [15]. The tissue specific 
miRNA expression was also reported in many cases [16-19]. The 
superior stability of these short miRNAs than mRNA and longer RNAs 
make them a good and reliable diagnostic target. 

Despite tremendous preclinical studies, only a few miRNA have 
moved to clinical development. Identifying the best target for miRNA 
for each disease type, delivery vehicle, stability, tissue specificity, 
toxicity, and off-target effect could be the main reason for their slow 
clinical development [20-22]. The challenge in identifying the suitable 
target for miRNA is due to the fact that miRNA expression pattern is 
heterogeneous even within the same disease and is affected by local 
factors like hypoxia and inflammation. Nevertheless, their small size 
and association with other proteins prevents their degradation by 
RNAses and makes them a good molecule for precision medicine. 
However, many questions regarding the regulation of miRNA function 
remain unanswered. There is currently a need to develop a tool that 
can identify the right target mRNA for particular miRNA which can be 
used in biomarker discovery and novel therapies for many aggressive 
diseases including cancer. A single miRNA can target many mRNA and 
an mRNA can be targeted by many miRNAs. Furthermore, a disease 
can have several altered signaling pathways and a single pathway may 

be altered in many diseases [23-26]. This “one-to-many” relationship 
between mRNA and miRNA results in a robust regulatory network, 
which controls the cell proliferation and disease process. 

Experimentally, it is difficult to determine the relationship between 
miRNA and their target mRNA. Luciferase assay-based expression of 
mRNA and pulsed stable isotope labeling amino acid in culture are 
routinely used methods to determine their relationship. These methods 
eventually measure the protein derived from mRNA regulated by 
miRNA. Since protein expression is controlled by several other factors 
also, these are not the perfect methods. The more frequent method used 
to determine the miRNA target is complementarity in seed sequence. 
Various online databases such as miRBase, HMDDv2.0, and DIANA-
TarBase are being used to predict the target gene for miRNA but the 
probability of false prediction is high. Most of these databases use the 
prediction algorithms which is sequence-specific not the disease/case 
specific thus can’t avoid the false positive prediction. Furthermore, 
these online databases also rely on thermodynamic stability, 
evolutionary conservation, and sequence pairing of miRNA with 
their target mRNA but still, false interpretation remains a problem. To 
conquer these limitations a gene expression-based database for miRNA 
target prediction is needed. The gene expression-based database 
may improve the miRNA target prediction by mapping the inverse 
correlation between downregulated genes and overexpressed miRNA 
within the same disease type or vice versa. RNA sequencing (RNA seq) 
is a revolutionary tool which computes the transcript level with high 
accuracy and sensitivity compared to any other methods like qPCR and 
micro array [27]. The capacity to cover unlimited genome size, ability 
to identify splice variants, rapidly decreasing the cost allowed us to 
use RNA seq for clinical purpose, and generation of large-scale robust 
datasets for miRNA-mRNA interactions. The identification of miRNA 
targets is difficult to examine experimentally. Current methods have 
severe limitations like weak expression, tissue specificity, and miRNA 
stabilization. Combining the integrated expression RNA-seq data from 
several different tumor types with epigenetic modulators like gene 
methylation and copy number alternation may reduce the false positive 
miRNA targets. In cancer, there are many factors which contributes to 
the disease prognosis and survival like patient age, gender, nature of 
the tumor (aggressive vs non aggressive), drug resistance, metastasis, 
etc. Therefore, a single factor i.e. sequence complementarity of miRNA 
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to mRNA should not be used to predict the appropriate miRNA target 
responsible for survival. Identification of miRNA target by RNA-seq 
data from different tumor types within cancer related pathways may 
increase the chance of miRNA-based therapeutics [28]. This approach 
may reduce the off-target effect/side effect and false-positive predictions. 
Unlike conventional drug therapies, miRNA targeted drugs have high 
regard it can modulate multiple pathways and biological processes. 
The ability to regulate thousands of genes may compensate for its 
efficacy and unexpected side effects. Therefore, downstream miRNA 
genes should be explored [29]. The miRNA-mRNA network-based 
approach by using RNA seq has the potential to target protein structure 
information and drug design in various diseases. This approach of 
developing miRNA-based therapeutics may create a paradigm in the 
pharmaceutical industry, therefore prediction of miRNA target by RNA 
seq is definitely a hope.
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