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Abstract: MicroRNAs (miRNAs) are small sized non-coding RNA molecules of size, ~18-25 nucleotide (nt). 
They are well-recognized for their role in regulation of gene expression post-transcriptionally. The dynamic 
regulatory potential of miRNAs proves them as a promising therapeutic solution in diseases such as cancer, 
cardiovascular and immune-related disorders. A recent approach of plant-derived miRNAs being able to 
inhibit the expression of mRNA targets exogenously, discovered a new avenue of cross-kingdom regulation. 
Few studies conducted exploring the potential of plant-derived miRNAs as a promising solution for 
diagnostic, prognostic and therapeutic solution, other researchers claim this hypothesis mere results of ‘false 
positive effects’ and ‘artifacts’.  During our extensive literature survey, it was realized that rapid evolution of 
technological advancement played a key role in enhancement of miRNA technology. Also, reckoning on the 
potential of miRNA in different areas of research, few challenges such as off-target toxicities, dosage efficacy, 
complexities at organismal level and preclinical and clinical validation phases also needs to be addressed for 
development of an effectual therapeutic solution which will create an overall impact for acceptance of this  
technology for betterment of human health. 
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1. INTRODUCTION 
miRNAs are small sized RNA molecules belonging to a group of non-coding RNAs. They 
are known for regulating specific target mRNAs either by cleavage or translational 
inhibition. The discovery of first miRNA changed the traditional paradigm of central 
dogma which states the conversion of RNA to proteins through translation [1,2]. It was 
discovered that miRNAs did not get translated to proteins but act as epigenetic regulator 
of gene expression by binding to their specific mRNA targets.  
  It has also been recorded that a dysregulated expre1ssion of miRNAs in different 
tissues and diseased conditions such as cancer, neurological diseases, cardiovascular and 
immune-related diseases can be employed for their role as a diagnostic, prognostic and 
therapeutic model. The detection of miRNAs in body fluids can also be a measure of 
using miRNAs as non-invasive biomarker for detection of various diseases in 
asymptomatic conditions [3,4]. A technological advancement in high throughput 
technologies made a significant enhancement of miRNA technology in research as well as 
market growth.    
  Furthermore, a recent concept of cross-kingdom regulation demonstrating the 
applicability of plant-derived miRNAs binding to mRNAs of other species. The first 
evidence of this concept was provided by Professor Chen-Yu Zhang and his team 
(Nanjing University, China), where they showed that miR168a from rice was able to get 
absorbed in the gasterointestinal tract of mice and entering into the bloodstream reached 
different tissues of the organism. It was also, observed that this miRNA was also able to 
inhibit the expression of LDLRAP1 (lipoprotein receptor adapter protein 1) resulting in 
decrease of LDL removal in blood plasma of mice [5]. Since, this discovery many studies 
have been conducted supporting this concept as well as contradictory studies raising 
arguments against this hypothesis. Henceforth, more studies and validation experiments 
are required to infer unequivocally and to understand the mechanism behind this process.  
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  Though being a substantial technology, challenges such as off-target toxicities, 
dosage optimization, targeted and safe delivery in an in vivo system and preclinical and 
clinical validations are few limitations that need to addressed in future endeavours. 
Therefore, keeping all the obstacles and accusations in consideration, it has been realized 
that advancements in technologies and experimental validations will uplift the 
development of miRNA technology as a promising therapeutic solution. 
 

2. DISCOVERY AND BIOGENESIS 
2.1 Discovery of miRNAs 
The discovery of first miRNA took place in early nineties, by Lee et al. [1] and Wightman 
et. al. [2] while studying growth patterns of Caenorhabiditis elegans.  It was also observed 
that lin-4 had inhibitory activity on the expression of lin-14, however the exact 
mechanism for this activity remained unexplained. The Ambros lab found that lin-4 gene 
encoded two small transcripts of 22 and 61 nucleotides (nt), while complementary 
sequences of this was found in the 3’UTR region of lin-14 by Ruvkun’s lab. It was 
discovered that lin-4 was able to bind directly to its complementary sequences in lin-14 
mRNA and inhibit its expression, depicting the role of these small sequences in regulation 
of gene expression in C. elegans. These small RNAs were initially termed as small 
temporal RNAs for their regulatory role in the nematode. Hamilton and Baulcombe in 
1999, also observed the regulatory behaviour of these small RNA sequences in plants as 
well [6], whereas Ambros lab discovered that binding of lin-4 was not confined to lin-14 
only but was also targeting lin-28 [6]. Later in 2000 a second miRNA, let-7 was 
discovered by Reinhart et al. and Pasquinelli et al. exploring the evolutionary 
conservation of miRNAs in other organisms as well [7,8].  
2.2 Biogenesis 
The discovery of first miRNA led to many studies in this nascent area to explore the 
world of miRNAs, their biogenesis and mechanism of action. The biogenesis of miRNA 
involved processing of primary miRNA (pri-miRNA) to form a precursor miRNA (pre-
miRNA) of ~60-70 in the nucleus. This splicing of pri-miRNA is carried out by RNase II 
endonuclease micro-processor complex DROSHA and DGCR8 [9–11]. The pre-miRNA 
is then exported to cytoplasm with the help of Exportin-5 and Ran-GTP and is further 
processed to form a miRNA:miRNA duplex of 22 nt by dsRNase III enzyme Dicer, with 
an overhanging of 2 nt at 3’end [12,13]. The miRNA:miRNA duplex is consisted of one 
guide (miRNA) and one passenger strand (miRNA*) which is unwound by helicase and 
only one strand, whereas other gets degraded based on thermodynamic stability and 
asymmetry of duplex [12,14,15], is loaded into ribonucleoprotein complex RISC (RNA 
induced silencing complex) and evolutionarily conserved Argonaute proteins (AGO) 
consisting of PAZ and PIWI domains [16]. The miRNA-RISC complex than mediates 
regulation of gene expression by binding to complementary sequences at 3’UTR of their 
specific target mRNA either by cleavage (if the miRNA-mRNA complex binds with 
perfect complementarity) or translational inhibition (if the complex binds with imperfect 
complementarity) [17]. 
 

3. CROSS-KINGDOM REGULATION 
Recent studies in the field of miRNA opened a new avenue of cross-kingdom regulation, 
where it was observed that miRNAs not only regulate the expression of genes in their 
original system but can also execute their activity in recipient system upon transmission to 
other species. The first evidence in support of this concept was provided by Professor of 
Nanjing University, Chen Yu Zhang in year 2012 [18]. He in his study demonstrated that 
miR168a from rice get absorbed into the gastrointestinal tract of mice which were fed on 
rice diet, and traveling through the plasma reached to the liver, where it get bound to 
mRNA of LDLRAP1 (low-density lipoprotein receptor 1) gene resulting into decrease in 
the expression of LDLRAP1. 
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  One more such study by Yang et. al. observed an increase of miR2911 in blood 
and urine of mice which were kept on herbal diet of honeysuckle (Lonicera 
periclymenum) for a longer period of time [19]. Another group showed antiviral activity 
of miR2911 from honeysuckle against Influenza viruses (H1N1, H5N1 and H7N9) in 
mouse lungs. It was observed that viral replication was suppressed resulting into loss in 
mortality and prevention of weight loss when exposed to miRNA2911 [20]. 
  Another interesting study by showed the tumor suppressor activity of plant-
derived miR159 in breast cancer cells, by targeting TCF7 (Transcription factor 7) gene. 
TCF7 acts as a transcription factor in Wnt signaling and is often found upregulated in 
breast cancer cells. The presence of miR159 observed in human serum and was reported 
to reduce the levels TCF7 gene in cancerous cell lines but not in non-cancerous cells 
when transported to the breast tissues. miR159, in its synthetic mimic form, when orally 
administered showed suppression of growth in xenograft breast tumors in mice [21]. 
  Several in silico studies have also been conducted using bioinformatics 
approaches and computational tools to identify miRNAs and their putative targets, 
strengthening the concept of cross-kingdom regulation. One such study performed by 
Rameshwari et. al. identified 12 potential miRNAs from Curcuma longa and their targets 
in human regulating various target genes related to human diseases such as 
cardiovascular, neurological disorders, cancer, diabetes mellitus and thalassemia etc [22]. 
Another interesting study identified six miRNAs from Gmelina arborea predicted to 
targeting mammalian genes involved in cancer pathogenesis, blood related diseases and 
urinary tract infections [23]. Studies supporting and contradicting the concept of cross-
kingdom regulation are depicted in table 1. 
  Treatment of diseases in human using plant-derived supplements provide a new 
therapeutic solution with lower side effects and less toxicity, which include synthetic 
forms of plant-derived molecules and can be experimentally validated for their in vivo 
efficacy. 
 
Table 1. Evidences in support and contradiction of cross-kingdom regulation 
S. No. Supporting Evidences Contradictory evidences 

1. 
Presence of miR168a from Oryza sativa 

in mice plasma [5] 

No detection of plant miRNA in 
plasma of healthy athlete volunteer 

on fruit diet [35] 

2. 
Identification of miR172 from Brassica 

oleracea in mouse serum [36] 

Undetectable plant miRNAs from 
tissues of honeybee nurse, and 

forager honeybee on pollen, nectar 
and honey diet [37] 

3. 
Presence of miRNAs from watermelon 
juice in plasma of healthy volunteers 

[38] 

Absence of plant miRNA from 
blood of pig-tailed macaques on 

miRNA-rich plant diet [39] 

4. 
Plant miRNAs identified in exosomes 

from breast milk [40] 

No or very less detection of plant 
miRNA in liver and plasma of mice 

[41] 

5. 
miR2911 from honeysuckle (Lonicera 
japonica) in sera and urine of mice [19] 

Detection of plant miRNA in 
animal smallRNA dataset from 

insect feeding experiment as 
artifact of sequencing technology 

[42] 

6. 
Formulation of 3 plants miRNAs 

showing suppression of colon cancer 
[43] 

- 

7. 
Oral administration of plant miR159 

showing suppression of breast tumor in 
mice [21] 

- 
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4. CHALLENGES AND OBSTACLES 

4.1 Stability of miRNAs 
Stability of a miRNA is a major concern while using miRNAs in clinical applications. 
The miRNA and their cDNA derivatives have been reported to be highly unstable during 
their isolation procedures and often found degraded during storage [24]. The procedures 
adopted for collection of samples, tissue types and storage also affect the quality of the 
isolated miRNAs [25]. These miRNAs, when administered in the in vivo system are prone 
for degradation by nucleases and renal clearance. Also, they encounter immune-
stimulatory response by immunogenic Toll-like receptors (TLRs) when administered 
intravenously or subcutaneously into the body. Further, the miRNAs also face endocytic 
degradation in the endo-lysosomal compartments and can get degraded by Golgi directed 
degradation under the action of pH variation [26]. 
4.2 Complexities in computational analysis based on silico approaches 
Target identification and functional analysis of the target genes using bioinformatics tools 
and pipelines is a primary step in miRNA research. Though a number of tools and 
pipelines have been developed that assist in identification of miRNAs and predict their 
targets following robust algorithms and stringent criteria, the results are always 
acquainted with a definite rate of false positive and false negative predictions. Also, there 
is need of single pipleline or tool which allows for identification of miRNAs, their targets 
and functional analysis of the targets for model as well as non-model organisms [27]. 
Some of the tools being used for prediction of miRNAs and identification of their targets 
is listed in table 2. 
 

Table 2. Computational tools and databases for miRNA 
S. No. Description Tool/Database Reference link 

1. 
Database for 

validated 
miRNAs 

miRBase http://www.mirbase.org/ 

2. 

Tools for 
identification of 

validated miRNA 
information 

DIANA-TarBase v7.0 

http://carolina.imis.athena-
innovation.gr/diana_tools/web/
index.php?r=tarbasev8%2Find

ex/ 

miRTarBase 
http://mirtarbase.mbc.nctu.edu.

tw/php/index.php 

miRecords 
http://c1.accurascience.com/mi

Records/ 
starBase v2.0 http://starbase.sysu.edu.cn/ 

3. 
Correlation of 

miRNA-mRNA 
expression 

MiRonTop 
http://www.microarray.fr:8080/

miRonTop/index 

DIANA-mirExTra 
http://carolina.imis.athena-

innovation.gr/mirextra/ 

mESAdb 
http://konulab.fen.bilkent.edu.tr

/mirna/mirna.php 

4. 
miRNA 

degulation in 
human disease 

miR2Disease http://mir2disease.org/ 

PhenomiR 
http://mips.helmholtz-

muenchen.de/phenomir/ 

OncomiRDB 
http://bioinfo.au.tsinghua.edu.c

n/oncomirdb/ 
miRCancer http://mircancer.ecu.edu/ 
HMDD v3.2 http://www.cuilab.cn/hmdd 

5. 
miRNA 

regulatory 
network 

CoMeTa http://cometa.tigem.it/ 

miRNApath 
https://bioconductor.org/packa
ges/release/bioc/html/miRNAp
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identification ath.html 

miTALOS 
http://mips.helmholtz-

muenchen.de/mitalos/#/search 

miRSystem 
http://mirsystem.cgm.ntu.edu.t

w/ 

DIANA-miRPath v3.0 
http://diana.imis.athena-

innovation.gr/DianaTools/inde
x.php?r=mirpath/index 

6. 

Identification of 
somatic mutations 

in miRNA and 
their target sites 

SomamiR DB 2.0 
http://compbio.uthsc.edu/Soma

miR/ 

miR2GO 
http://compbio.uthsc.edu/miR2

GO/home.php 

7. 

Analysis of 
miRNA-

transcription 
factor interaction 

TransmiR v2.0 http://www.cuilab.cn/transmir 

PuTmiR 1.0 
https://www.isical.ac.in/~bioinf

o_miu/TF-miRNA.php 

CircuitsDB 
http://biocluster.di.unito.it/circ

uits/ 

8. 

Association of 
polymorphism in 
miRNA targets 

with human 
disease 

Mirsnpscore 
https://omictools.com/mirsnpsc

ore-tool 
PolymiRTS Database 

3.0 
http://compbio.uthsc.edu/miRS

NP/ 
miRdSNP http://mirdsnp.ccr.buffalo.edu/ 

9. 

Linking miRNA, 
environmental 

factors and 
phenotype 

miREnvironment http://www.cuilab.cn/miren 

 
4.3 Delivery of miRNA as therapeutic molecule and off-target toxicities 
The delivery of specific miRNA in its synthetic forms (miRNA mimic or antagomir) in an 
in vivo system is a crucial step for its efficacious activity as a therapeutic molecule. 
miRNA in its naked form is prone for degradation by immune cells, endonucleolytic 
degradation, serum protein aggregate formation and kidney filtration [28,29]. A number 
of delivery vehicles has been developed in recent years to escort the miRNAs into the 
biological system of an organism. These include miRNA sponges/decoys which possess 
tandem binding sites of multiple miRNAs to suppress several miRNAs simultaneously. 
Other delivery systems include chemically-synthesized miRNA inhibitors (single-
stranded) and miRNA mimics (double-stranded), lipid and nano-particle based delivery 
systems and viral vectors-based delivery agents expressing miRNAs. Due to the 
hydrophilic nature, high molecular weight, large size and negative charge, they face the 
limitation of crossing the cell membrane and reach the target site [30,31]. Another 
promising delivery vector for miRNA is lipid-based delivery vehicles. Though, they are 
stable efficient system for delivery, they also come across dose dependent toxicity and 
immune responses from type I and type II interferons. Also, some lipid-based delivery 
molecules are non-biodegradable in nature. In addition to this, viral vectors are another 
mode of delivery system for miRNAs. These vectors are still not in the state of being a 
pertinent and safe delivery system though possessing ability of long-term perseverance, 
high expression and safe delivery to target cells, due to their random integration into the 
host genome leading to alteration in normal gene function and activation of oncogenic 
activities [32]. Off-target toxicities is another major concern to be combatted for efficient 
miRNA delivery, due to multiple targeting and near perfect base pairing of miRNAs. This 
results into hybridization dependent and hybridization-independent toxicities. The former 
takes place due to similarities in the seed sequences of miRNAs of same families which 
prevent them to distinguish amongst the miRNA family members, while the latter arises 
due to immune stimulation by exo-miRNAs and carrier proteins. This results into severe 
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immune toxicity generated by TLRs which recognize the nucleic acid of bacteria and 
viruses [33]. 
4.4 Dosage Optimization and Pre-clinical and Clinical Validation 
Dosage efficacy is another major concern as dosage efficacy depends on organ, tissue and 
individual specificity. A small increase in the levels of miRNA dosage can result into 
adverse toxic effects, as for example, an increase in the dose of miR-24 than the 
prescribed one results into silencing of certain genes leading to toxic effects in different 
tissue [34]. The optimal dosage determination for miRNA drug needs precise titration and 
other experiments for its effective and efficacious activity as a therapeutic molecule 
[28,33].  
  Validation of a drug molecule in preclinical and clinical phases is a primary step 
for its translation and corroboration in medical subjects. Though several miRNA 
candidates have reached the preclinical and clinical trial phases, the clinical and toxicity 
assessment programs become more stringent and bothersome, which delineates their 
applicability. The complexities and unrelatedness at molecular level in different 
organisms claim for adoption of personalized genome medicine approach, multifarious 
models and conceptualization of more human-like models. 
 

5. CONCLUDING REMARKS AND FUTURE OUTLOOK 
The versatile applications of miRNA bestow their potential as an effective drug molecule 
and providing healthcare solutions or human. The technological advancement of past few 
decades revolutionized the miRNA technology in the fields of research as well as global 
market. the Using plant-derived miRNA as a therapeutic molecule for treatment of several 
diseases of human can provide a therapeutic approach for development of molecular drug 
with less toxicity and lower side effects. Though controversial, numerous studies 
supporting the ability of plant miRNAs to bind and inhibit the expression of genes of 
recipient species provides evidences for concept of cross-kingdom regulation. The 
application of this avenue in therapeutics requires more studies for identification, 
validation and analysis of miRNAs in diagnosis, prognosis and other pharmacological 
studies in future. Looking ahead, miRNA technology has opened the avenues for their 
applicability in the various fields such as healthcare, crop-improvement, cross-regulation 
etc., unremitting efforts and perseverance will enhance the development of an effectual 
miRNA technology. 
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