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Abstract: MicroRNAs are small non-coding RNAs with property of regulating gene expression in both plants and animals. They bind to their specific 
mRNA targets with near complementarity and regulate their expression either by cleavage or translational inhibition. Cross-kingdom regulation by 
miRNAs is the new concept where miRNAs from one species are able to target the mRNA of other species. Various biological pathways are under the 
control of these miRNAs which are critical for functioning of human biological system. NF-kB (Nuclear Factor kappa-light-chain-enhancer of activated B 
cells) pathway is one such pathway which plays very important link between inflammation and cancer, as it often gets activated by stimuli from 
proinflammatory molecules such as cytokines and chemokines. Various plant derived phytocompounds such as terpenoids and flavonoids have been 
reported to show their inhibitory effect on activation of this pathway. The present study is aimed at identification of miRNAs from plant kingdom which can 
target the genes of NF-kB pathway. Functional annotation and pathway analysis categorized the genes into different classes of proteins and biological 
pathways, where ‘signaling molecule’ and ‘CCKR signaling map’ were the most enriched classes of proteins and pathways, respectively. Protein-protein 
interactions showed a strong association between CXCL8, a cytokine and TNFAIP6, a member of hyaluronan-binding protein family. miRNA-target gene 
regulatory network identified VEGFA as the top hub with highest degree and betweenness centrality having maximum number of interactions. The 
pathway distribution of the nodes showed ‘Pathways in Cancer’ the most enriched pathway comprising 5 genes, VEGFA, TRAF3, TRAF6, AKT3 and 
BCL2. The findings have explored the putative miRNAs from plants targeting the crucial genes of NF-kB pathway which can be further explored for their 
regulatory potential in therapeutic aspects using translational approaches. 
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1. INTRODUCTION 
MiRNAs are small-sized non-coding RNAs of size 18-25 nt 
in length. They comprise the largest family of small RNAs 
and well-known for their ability to regulate the expression of 
different genes either by cleavage or translational inhibition 
[1]. These miRNAs bind to their specific mRNA targets with 
near specific complementarity and regulate the expression 
of genes by post-transcriptional gene silencing in both plants 
and animals [2]. Being pleotropic in nature these miRNAs 
are able to target many miRNAs and vice versa [3]. Very 
recently these miRNAs have shown their remarkable roles in 
regulating various biological processes and significant 
pathways involved in cell growth [4], cell proliferations [5], 
metabolism [6], signaling [7], immune response [8] etc. The 
increased studies also reported the evidences that these 
miRNAs are also able to exogenously target the genes of 
other species as well. This explored the concept of cross-
kingdom regulation by miRNAs where miRNAs from one 
species were able to survive in the harsh environment of 
host species and also able to target their genes 
exogenously. The first report in support of this concept was 
provided by Chen-Yu Zhang, Professor of Nanjing 
University, China where he confirmed that miR168a from 
rice in the bloodstream of mice was able to downregulate 
the expression of low-density lipoprotein receptor adapter 
protein 1 (LDLRAP1) and in turn decreased the LDL 
removal from blood [9]. This proved to be a breakthrough 
discovery giving rise to many such studies regarding 
identification of plant derived miRNAs present in human 
system and able to regulate the expression of a plethora of 
genes. This accounted for a possibility of exogenous 

miRNAs being able to traverse through the cross-species 
barrier and providing a plant based therapeutic solution for 
various human diseases such as cancer, immune-related 
diseases, metabolic disorders etc., targeting the genes of 
many pathways often found dysregulated and leads to 
dreadful diseases. NF-kB is such a pathway which acts as 
crucial link between inflammation and cancer. As per few 
recent studies, NF-kB activation in cancer is governed by 
the stimuli from proinflammatory molecules in the tumor 
microenvironment (TME) [10]. Phytoconstituents from plants 
such as flavonoids and terpenoids possess anti-
inflammatory and anticancer properties acting as an 
effective inhibitor of NF-kB pathway, thereby regulating 
inflammatory and cancer responses [11]. 
With this aim, in the present study we identified miRNAs 
from plant origin putatively targeting the genes involved in 
activation or deactivation of NF-kB pathway. Furthermore, 
the functional annotation and pathway analysis have also 
revealed the involvement of these genes in other pathways. 
The protein-protein interaction and miRNA-gene interaction 
network generated will provide an understanding of 
regulatory cascade of miRNAs and their gene targets 
involved in inflammation and cancer. The study will provide 
a plant-based solution for health regulation with a wide 
range of putative applications, which may include artificial 
synthesis of therapeutic plant-derived miRNAs that might 
possess lower side effects and less toxicity.   

 

2 MATERIALS & METHODS 
 
2.1 Selection of target genes and prediction of miRNAs 
NF-kB transcription factors and genes playing roles in 
activation or deactivation of NF-kB pathways were retrieved 
from literature mining and publicly available sources. The 
cross-kingdom miRNAs (miRNAs from plant kingdom) for 
the selected genes were predicted using psRNATarget 
(http://plantgrn.noble.org/psRNATarget/). psRNATarget 
estimates the target accessibility by calculating the energy 
required to open the secondary structure of target mRNA for 
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target site exposure. Those mRNA targets with expectation 
value (maximum cut-off score based on given scoring 
schema) ≤ 3 were selected for further analysis. 
 
2.2 Identification of homologous miRNAs 
The plant miRNAs specific to the selected genes were 
subjected to identification of their homologous miRNA using 
Mircompare (http://160.80.35.140/MirCompare/) with r-value 
0.65 and seed stringency value of 5. Mircompare is a web 
based online server, based on comparison of miRNAs from 
two different kingdoms with functional sequence 
homologies. The algorithm to identify homologous miRNAs 
works on two main parameters, r-value- is the best 
comparison rate between each miRNA couple. Higher r-
value threshold corresponds to more stringency in the 
comparison; seed-region stringency- is the minimum 
number of matches made in the seed region while 
comparison. 
 
2.3 Functional annotation and pathway analysis of 
target genes 
The functional annotation and distribution of the targets 
genes to different protein classes was done using 
PANTHER (Protein Analysis THrough Evolutionary 
Relationships) classification system 
(http://www.pantherdb.org/). The gene list was uploaded to 
the web portal of PANTHER classification system and 
functional annotation for Homo sapiens was selected for the 
target genes. The genes overrepresented in different protein 
classes and distributed in different panther pathways were 
also identified using panther analysis. Fisher’s test and 
Bonferroni correction was applied for statistical significance 
of the enriched results.  
 
2.4 Protein-protein interaction of target genes 
The PPIs amongst the target genes were identified using 
STRING v11.0 (https://string-db.org/) (szklarczyk2018string) 
to understand the global interactome of all the interacting 
proteins and to understand their regulation at different steps 
in a pathway. The interaction network generated showed the 
associations between the proteins supported by strong 
evidences as well as those with no or rare interactions.   
 
2.5 miRNA-gene network construction 
The interaction map for miRNA-target was constructed using 
miRNet (https://www.mirnet.ca/) which helps to understand 
the regulatory functions of miRNAs. The construction of a 
regulatory network for interacting genes to their specific 
miRNAs is based on degree and betweenness parameters 
of node centrality. The degree of node accounts for the 
number of connections it makes with other nodes while 
betweenness defines the number of shortest paths going 
through the node. 

 
3 RESULTS 
 
3.1 Selection of genes and prediction of their targets 
A total of 28 genes were identified playing roles in NF-kB 
signalling pathways. The prediction of miRNAs for the 
selected target genes identified 88 miRNAs for 28 target 
genes, belonging to 26 species of plants using psRNATarget 
(Data available on request). MirCompare used to identify the 
functionally related miRNAs across the two species (plant 

and human), found 19 human homologues miRNAs for 14 
miRNAs of plant origin. The functionally related miRNAs 
obtained from MirCompare results were used for further 
analysis (Table 1).   
 

TABLE 1  
MirCompare results showing homologous miRNAs of plant 

and human origin and their genes targets 

Human homologue miRNA cross Gene Target 

hsa-miR-7107-3p miR3434-5p TNFAIP8L1 

hsa-miR-7158-5p miR3434-5p TNFAIP8L1 

hsa-miR-3668 miR3515 BCL2 

hsa-miR-4319 miR7731-5p IL8 

hsa-miR-651-3p miR2590g TRAF6 

hsa-miR-4458 miR774b-5p IL8 

hsa-miR-143-3p miR774b-5p IL8 

hsa-miR-4434 miR5021 TRAF3IP2 

hsa-miR-4468 miR5021 TRAF3IP2 

hsa-miR-5703 miR6192 TRAF3 

hsa-miR-4463 miR6192 TRAF3 

hsa-miR-6799-5p miR6192 TRAF3 

hsa-miR-488-3p miR8743b AKT3 

hsa-miR-4296 miR482c-5p TNFAIP6 

hsa-miR-4317 miR2874 TNFAIP2 

hsa-miR-6838-3p miR167b-3p VEGFA 

hsa-miR-6838-3p miR167e-3p VEGFA 

hsa-miR-145-3p miR2654 TRAF3 

hsa-miR-3940-5p miR159 IL1B 

hsa-miR-4534 miR159 IL1B 

 
3.2 Functional annotation of the target genes 
The functional annotation of the target genes using 
PANTHER classification system classified the genes in 
different protein classes and pathways of biological system. 
The protein classification of genes into different protein 
classes distributed them into 5 protein classes, where 
signaling molecule (PC00207) was the largest family. Other 
protein families were transferase (PC00220), transfer/carrier 
protein (PC00219), calcium-binding protein (PC00060) and 
membrane traffic protein (PC00150) (Figure 1).  
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Fig. 1. Target genes distributed into different protein classes 
 

The target genes were also classified for their distribution 
into different pathways. The pathway classification 
distributed the genes into 20 biological pathways. The 
pathways consisting of highest number of genes was the 
CCKR signaling map (P06959). The other pathways 
comprising of large set of genes were Inflammation 
mediated by chemokine and cytokine signaling pathway 
(P00031), Angiogenesis (P00005) and Apoptosis signaling 
pathway (P00006) (Figure 2).  

 
Fig. 2. Target genes distributed into biological pathways 

 
3.3 Protein-protein interactions (PPIs) between target genes 
PPIs helps to understand the function and behaviour of 

protein and also to predict the function of unknown protein 
involved in molecular process. The PPI analysis of the 
genes of our dataset, STRING v.11 was employed which 
characterized the 11 target genes and generated an 
interactome of the queried targets based on a series of 
background analyses such as, co-purification, co-
crystallization experiments, gene-fusion and co-occurrence 
and co-expression analyses. The results were also 
supported by text-mining from relevant publications. A total 
of 11 nodes connected through 15 edges were found where 
nodes represent proteins and edges represent protein-
protein interactions. The network constructed was with 
average node degree of 2.73 and average local clustering 
coefficient 0.627. The results were statistically significant 
with PPI enrichment p-value 1.29e-06. The interaction map 
showed proteins establishing network with associated 
proteins such as IL1B, CXCL8 and TNFAIP6, also a strong 
association was seen between TRAF3 and TRAF6 
connecting with TRAF3IP2. The color code of nodes shows 
their structural information and for edges shows the 
experimental evidences supporting their interactions. Other 
proteins such as VEGFA were also found interacting with 
TNFAIP6 and AKT3 based on results from text-mining 
search (Figure 3). 
 

 
 

Fig. 3. Protein-protein interaction network within genes of 
NF-kB pathway 

 
3.4 miRNA-gene network 
A miRNA-gene network was constructed using the 11 target 
genes to identify their regulatory miRNAs available globally 
in the genome. To investigate the complex regulatory 
cascade of the target genes and their regulatory miRNAs a 
network showing interaction amongst them was constructed 
using miRNet (Figure 4). A total of 43 nodes were identified 
connected to 101 edges. VEGFA was found with highest 
degree (24) and betweenness centrality (300.31) with 
maximum number of interactions in the network. Amongst 
the miRNA hsa-mir-16-5p was found with highest degree (4) 
and betweenness (31.874) (Table 2). The pathway 
distribution of the nodes of the network showed ‘Pathways in 
Cancer’ to be the most enriched pathway involving genes 
VEGFA, TRAF3, TRAF6, AKT3 and BCL2. 
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Fig. 4. miRNA-gene regulatory network of genes of NF-kB 

pathway and their regulatory miRNAs 
 

TABLE 2 
Nodes of miRNA-gene network showing degree and 

betweenness centrality of a node 

Node Id Degree Betweenness 

VEGFA 24 300.308 

BCL2 16 139.022 

TRAF3IP2 16 151.786 

AKT3 15 115.767 

TNFAIP8L1 15 120.292 

TRAF6 6 47.7939 

hsa-mir-16-5p 4 31.874 

hsa-mir-17-5p 4 18.5735 

hsa-mir-20a-5p 4 18.5735 

hsa-mir-106a-5p 4 25.4598 

hsa-mir-20b-5p 4 16.0346 

hsa-mir-520g-3p 4 16.0346 

hsa-mir-520h 4 16.0346 

TNFAIP2 4 26.3698 

hsa-mir-15a-5p 3 3.98324 

hsa-mir-21-5p 3 19.4559 

hsa-mir-29a-3p 3 3.98324 

hsa-mir-93-5p 3 5.93839 

hsa-mir-29b-3p 3 3.98324 

hsa-mir-7-5p 3 14.5881 

hsa-mir-34a-5p 3 31.8311 

hsa-mir-15b-5p 3 3.98324 

hsa-mir-125a-5p 3 23.8261 

hsa-mir-150-5p 3 5.93839 

hsa-mir-195-5p 3 3.98324 

hsa-mir-106b-5p 3 5.93839 

hsa-mir-29c-3p 3 3.98324 

hsa-mir-302d-3p 3 5.93839 

hsa-mir-372-3p 3 5.93839 

hsa-mir-373-3p 3 5.93839 

hsa-mir-497-5p 3 3.98324 

hsa-mir-519d-3p 3 9.47757 

hsa-mir-503-5p 3 3.98324 

IL1B 3 5.50776 

hsa-mir-24-3p 2 4.79796 

hsa-mir-26b-5p 2 11.5899 

hsa-mir-30a-5p 2 12.5665 

hsa-mir-135a-5p 2 8.35458 

hsa-mir-146b-5p 2 8.00638 

hsa-mir-500a-3p 2 5.10439 

hsa-mir-149-3p 2 12.4766 

hsa-mir-6807-5p 2 12.8441 

 

4 DISCUSSION 
miRNAs are a special class of non-coding RNAs (~19-25 
bp) exhibiting the property of post-transcriptional gene 
silencing in both plants and animals. The regulatory property 
of miRNAs proves their therapeutic solution to a number of 
human diseases. Various studies have been conducted to 
explore the regulatory potential of miRNAs in various 
diseases such as cancer [12], neurological disorders [13], 
immune-related diseases [14] etc. Cross-Kingdom 
regulation, a recent approach of targeting human genes by 
plant miRNAs have shown a promising potential of plant 
miRNAs as therapeutic supplement. Metabolic compounds 
from plants have already shown their effects on various 
pathways of human which are known to be involved in 
important biological processes. NF-kB pathway is one such 
pathway which acts as link between inflammation and 
cancer. Several polyphenols such as quercetin [15], luteolin 
[16], genistein [17] and flavonoids [18] etc. have been 
reported to block the activation of NF-kB pathway and inhibit 
the expression of pro-inflammatory genes. In this regard, an 
in silico based cross-kingdom analysis was performed to 
identify the putative miRNAs from plant species which can 
target the genes involved in activation or deactivation of NF-
kB pathway. psRNATarget used to identify plant miRNAs 
targeting the human gene targets showed several miRNAs 
of plant origin such as miR5021, miR159, miR167b-3p etc. 
targeting TRAF3IP2, IL1B and VEGFA etc. miR5021 is well-
known for its association in regulation of secondary 
metabolic pathways in several plant species such as 
Catharanthus roseus [19], Xanthium strumarium L. [20] and 
Ferula gummosa [21] etc. Likewise, miR159 is one of the 
highly conserved miRNAs which targets a class of 
regulatory genes GAMYB (Gibberellin- and abscisic acid-
regulated MYB) which encodes R2R3 MYB domain 
transcription factors involved in gibberellin (GA) signalling 
[22]. The functional relatedness within the miRNAs predicted 
from plant species to their human homologues was 
identified using MirCompare. Functional annotation 
performed on the gene targets using PANTHER 
classification system classified the target genes into 5 
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protein classes and 20 biological pathways. The most 
enriched protein class was found to be belonged to 
‘signaling molecule’ wherein signaling plays the major role in 
functioning of NF-kB pathway, e.g. recruitment of cytokines 
and chemokines to participate in inflammasome regulation 
[23]. The signaling molecule protein class involves 
cytokines, growth factor, membrane-bound signaling 
molecule and peptide hormone etc. The most abundant 
pathway was found to be the CCKR signaling map which 
involves intracellular signaling pathways for Gastrin and 
Cholecystokinin. Gastrin is a hormone which stimulates the 
secretion of hydrochloric acid by gastric mucosa. This 
hormone also acts as a mitogenic factor and found to be 
upregulated in a number of pre-malignant conditions [24]. 
Another dominant pathway was Inflammation mediated by 
chemokine and cytokine mediated signaling pathway 
holding maximum number of target genes. This pathway 
involves chemokine-induced adhesion and migration of 
leukocytes resulting into transcriptional activation to recruit 
more leukocytes to the sites. Recent studies indicate the 
release of cytokines and chemokines in response to 
infection and inflammation which can also play roles in 
inhibition of cancer progression. Also, the cancer cells can 
respond towards host-derived cytokines that are involved in 
growth, apoptosis and metastasis [25]. The protein-protein 
interaction performed using STRING showed a strong 
association between CXCL8 (IL8) and TNFAIP6 (TSG6), 
where CXCL8 encodes protein which belongs to CXC family 
of chemokine and is a major mediator of proinflammatory 
response functioning within tumor microenvironment [26]. 
The protein is secreted primarily by neutrophils and acts as 
a potent angiogenic factor, whereas TNFAIP6 is known for 
its involvement in cell-cell communications during 
inflammation and tumorigenesis. The protein is a secretory 
protein which is expressed by many cell types and can be 
induced by proinflammatory cytokines such as tumor 
necrosis factor alpha and interleukins. Therefore, an 
interaction between the two genes strongly postulates the 
activation of TNFAIP6 induced by CXCL8 providing 
protection to tissues during inflammation and tumorigenesis 
[27]. An interaction network between the miRNAs and target 
genes showed an interaction map of 43 nodes connected to 
101 edges. VEGFA which was found to be the top hub of the 
interaction network with highest degree and betweenness, 
which plays major role in follicle development and is primary 
proangiogenic factor in angiogenesis. It also plays role in 
cell proliferation, cell migration, apoptosis and 
permealization of blood vessels [28]. In cancer, it acts as a 
crucial mediator of angiogenesis and is often found 
upregulated under the influence of oncogene expression, 
growth factors, hypoxia etc. Angiogenesis in tumor 
development stimulated by VEGFA is abnormal in terms of 
irregular shape, hemorrhagic, tortuous, disorganized etc. 
which accounts for its central importance in cancer 
therapeutics [29]. Likewise, hsa-mir-16-5p was found with 
highest degree and betweenness amongst miRNAs. 
Previous reports on hsa-mir-16-5p shows the involvement of 
this miRNA in myoblast proliferation and apoptosis by 
targeting SESN1 gene and thereby regulating p53 signaling 
pathway [30], it was also found to be involved in breast 
carcinoma by targeting the expression of VEGFA (Vascular 
Endothelial Growth Factor A) gene [31]. Henceforth, the 
present study provides putative miRNAs from plant origin 

targeting the genes involved in NF-kB signaling pathway, 
which is a crucial link between the involvement of 
inflammation leading to tumor progression. Phytochemicals 
from plants showing their effects on this pathway, accounted 
to identify the involvement of regulatory molecules, if any. 
The miRNAs from plant origin identified in the present study 
having potential of targeting human targets involved in 
important metabolic pathways provides a scope for 
development of less toxic, herbal based therapeutic 
promising solution which can be validated for their 
translational approach. 
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