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A B S T R A C T   

Carica papaya is a native fruit with high nutraceutical value that also has potential therapeutic properties. 
However, the human diet plays an important role in the prevention of human metabolic disorders. Enormous 
studies have reported that consumption of plant-derived miRNA could modulate human genes and bring about 
evidence of plant-animal regulation. The present study aims to understand the role of C. papaya miRNA in a 
cross-kingdom manner using a computational approach. Two unique miRNA families were predicted from 
publicly available 77,393 EST dataset of C. papaya. The Plant small RNA (psRNA) target server predicted 38 
target genes in human that play a significant role in functional enrichment, network analysis and regulating the 
initial modulators of EGFR (Epidermal Growth Factor) signaling cascade. This potential miRNA revealed their 
association with different types of cancer such as breast cancer, colorectal cancer, lung cancer involving in cell 
migration and proliferation. Important top hub protein namely LCP2, CDK6, RUNX1and KCNMA1 targets of cpa- 
miR6034 and cpa-miR3629b show their interaction with cancer pathways and in few platelet regulation path-
ways. Hereby we suggest that the intake of C. papaya miRNA may regulate the different types of cancer with 
cross-kingdom approach and implicit role in the prevention and control of human diseases.   

1. Introduction 

Small RNA like microRNAs are 18–22 nt in length originated from 
self-complementary pri-miRNAs which negatively regulate the target 
gene expression through transcriptional cleavage or by inhibition of 
translation elongation process in plants and animals (Aukerman and 
Sakai, 2004; Bartel, 2004; Gu and Kay, 2010; Catalanotto et al., 2016). 
In most cases, the miRNA target sites are present at the 3′ un-translated 
regions (UTRs) of the mRNAs (Carrington and Ambros, 2003; Gu et al., 
2009). However, when the degree of complementary miRNAs within 
mRNA is weak, gene expression is suppressed by blocking the translation 
of the mRNA, when mRNA target has a single and perfect or nearly 
perfect miRNA complementary site miRNA triggers mRNA degradation 
(Humphreys et al., 2005; Kidner and Martienssen, 2005). Various 
studies of plant miRNA have been reported including cotton, soybean, 
wheat, apple, solanaceae, switchgrass, citrus, Chinese cabbage and 

Brassica rapa L. which were deposited in the miRBase repository in the 
class of virdiplantae and playing an important role in the signal trans-
duction development and responses to different stress (Panda et al., 
2014). In 2009, the Monsanto company reveals the consumption of 
endogenous small RNAs found to have perfect complementarity to 
human and other mammals, followed by Zhang’s ground-breaking 
research in 2012 that intake of miR168 found in rice can bind to 
human /mouse low-density lipoprotein receptor adapter protein 1 
(LDLRAP1) mRNA that regulates the expression of target gene (Ivashuta 
et al., 2009; Zhang et al., 2012). Another study in 2017 reported that 
miR-155a enables the expression of Bcl2, c-fos, STAT3 directly modifies 
B-cell activation and B-cell transmembrane receptor signaling, miR-155 
is associated with multiple cancer, autoimmune, inflammatory path-
ways and Alzheimer’s disease, (Mirzaei et al., 2018; Lukiw, 2007; Li 
et al., 2012; Millan, 2017). Additionally, some studies which support the 
exogenous plant miRNA presence (Li et al., 2015; Hou et al., 2018; 
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Koupenova et al., 2019; Liang et al., 2015; Huang et al., 2019), transport 
in (Liang et al., 2015), stability and bioavailability in in-vitro digestive 
system (Philip et al., 2015) and the association with human diseases 
(Chin et al., 2016; Link et al., 2019). Consequently, it provides a shred of 
evidence that plant-derived miRNA has an impact on animal physiology 
at the molecular level, the miRNA cross-kingdom concept opens gates 
for cross-species regulation and provides therapeutic impacts. 

Medicinal plants provide an essentially, infinite contribution to 
human health and offer immense benefits and unexplored genetic di-
versity with unique endemic characteristics. Natural products derived 
from medicinal plants often possess biological activities that may be 
valuable in the development of new therapeutic agents for the treatment 
of a variety of diseases (Sen and Samanta, 2014; Pan et al., 2013). Carica 
papaya L. belongs to the family Caricacea and is well known for thera-
peutic effects of its leaf extracts containing papain, chymopapain, cys-
tatin, tocopherol, ascorbic acid, flavonoids, cyanogenic glucosides and 
glucosinolates (Sharma and Mishra, 2014). Papaya consumption is 
worldwide and commercially cultivated in Brazil, Mexico, and India (de 
Oliveira and Vitória, 2011). C. papaya leaves aqueous extract exhibited 
potential activity against Dengue fever, the leaves have an antiviral 
agent against DENV (Sharma et al., 2019). C. papaya is promising nu-
traceutical fruit plant as its roots, bark, peel, pulp, fruit, flower, leaf and 
seeds had been shown to have a nutrients present in its composition have 
beneficial effects on the cardiovascular system, antiplasmodial, anti-
trichochramal, antitrichomonal, antidengue, and anti-cancer activities 
(Karunamoorthi et al., 2014; Santana et al., 2019). Furthermore, the 
different parts of this valuable species used as a strong natural candidate 
against viral diseases. Moreover, one study reported that C. papaya juice 
from leaves could help to increase the platelet levels in patients of 
Dengue Fever (Paknikar, 2014). The various study indicated that papaya 
leaf extract has a potential anticancer mechanism, anti-proliferation, 
and apoptosis induction. Its pharmacological properties have been re-
ported that it has a role in anticancer and antitumor activity (Nguyen 
et al., 2013). Many evidences of intake and bioavailability of plant- 
derived miRNAs in humans and animals have been explored for their 
immuno-modulating capacity. Thus, miRNAs can control gene expres-
sion and may provide a functional, non-invasive, and low-cost treatment 
for many human diseases (Cavalieri et al., 2016) (Patel et al., 2019a; 
Patel et al., 2019b; Gadhavi et al., 2020). 

Numerous experiments or techniques are available for the identifi-
cation of putative miRNAs. Hereby, the EST approach is carried out for 
further analysis using the available EST datasets of C. papaya. We have 
chosen EST approach after referring the article by Bao Hong Zhang and 
colleagues in which they have mentioned the use of EST to identify and 
characterize plant miRNAs (Zhang et al., 2005). We also referred the 
article of She Tang and colleagues in which they identified miRNA from 
Nicotiana tabacum and cross-validated and predicted the RNA secondary 
structures using EST sequences of Nicotiana tabacum (Tang et al., 2012). 
To the best of our knowledge, this is one of the initial studies of 
computational identification of miRNAs from C. papaya and their human 
targets. The present study shows the importance of C. papaya miRNAs 
targeting functional enrichment, disease association, and network 
analysis. These putative miRNAs have a significant role in regulating the 
initial modulators of EGFR signaling cascade and shows an impending 
role in cancer-related pathways. Our studies pave an extensive compu-
tational approach to enlighten a step forward for the identification of 
human target genes which can potentially regulate post- 
transcriptionally, through cleavage translational inhibition that pro-
vides the evidence of cross-kingdom gene regulation with the biological 
processes, molecular functions, and associated pathways. 

2. Materials and method 

2.1. Reference sequences set 

A total of 10,414 known miRNAs of Virdiplantae was collected from 

the publicly available database miRBase (version 22) (Kozomara et al., 
2019). For homology search, these sequences were screened against the 
set of 77,393 ESTs of C. papaya which were downloaded from the Na-
tional Center for Biotechnology Information (NCBI) and used as a 
reference set for the identification of miRNAs from C. papaya. 

2.2. Computational resources and software 

For the homology search, we used the Blastn program 
[version:2.7.1+] of NCBI and secondary structure prediction was per-
formed on the MFold webserver (Zuker, 2003). Target prediction of 
C. papaya was done through psRNATarget webserver, for functional 
annotation of genes the software used was Blast2Go and for the network 
regulatory, Cytoscape with the cytohubba plugin was utilized (Dai et al., 
2018; Conesa and Götz, 2008; Chin et al., 2014). Finally, the circos plot 
has been used for the representation of miRNAs interacting with tar-
geted genes (Krzywinski et al., 2009). 

2.3. Identification of miRNAs and characterization 

Plant miRNA were searched against C. papaya EST using BlastN 
program and the parameters set were as follows: expected value (e- 
value) was set at 1000; maximum target sequence was 1000, and the 
word size was set to 16; after the completion of Blastn search we kept the 
criteria for the selection of candidate miRNA are as follows: The 
candidate miRNA length must fall in the range of 18 to 24 nucleotides; 
allowed mismatch must be 0–2 nucleotides in alignment. To process the 
predicted Blastn results, the stability of the secondary structure must be 
evaluated. Approx. 100 flanking nucleotide stretches from upstream and 
downstream were taken for structure prediction, ESTs having sequence 
length ≤200 were chosen without flanking-cut as candidate precursor 
miRNAs and were fetched and selected for the probable candidate of 
precursor miRNAs which were further used for structure prediction 
using MFold web server. The following parameters were used for the 
secondary structure prediction in MFold. The precursor miRNA should 
be folded into the appropriate stem-loop hairpin secondary structure; 
The minimum length of precursor miRNA should be 60 nucleotides; The 
mature sequence should be located in one arm of the hairpin structure; 
The mature miRNA sequence and its opposite miRNA strand (miRNA*) 
should not have more than 6 mismatches; No loops or breaks should be 
allowed between the mature miRNA sequence and its opposite miRNA 
strand (miRNA*). The predicted secondary structure should have a 
higher minimum folding energy index (MFEI) and negative minimum 
folding energy (MFE) below − 18. G + C content should be higher than A 
+ C content for the stability of the structure. The Adjusted Minimum 
Free Energy (AMFE) was calculated using the formula AMFE = (MFE / 
Length of precursor-miRNA sequence) * 100 and MFEI = AMFE / ((G +
C) %). 

2.4. Prediction of potential cross kingdom targets 

To identify the perfect and near complementarity between C. papaya 
and the transcript of Homo sapiens the target site accessibility were 
calculated where parameters set as maximum expected threshold: 3, 
length of complementarity scoring: 20, maximum energy to unpair 
target site: 25 and translation inhibition was set between 9 and 11 nt, to 
identify the plausible human target genes that are being regulated by 
these plant-derived miRNAs (Dai et al., 2018). 

2.5. Functional enrichment analysis, pathways, and disease association 

Annotation of the targets is a primary requirement, which was per-
formed using Blast2GO software. We have used the Kegg Mapper, 
Cytoscape, Reactome databases to understand the pathway analysis 
taking in consideration using significant threshold p-value <0.05. The 
target genes and their disease association was explored using Malacards 
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Fig. 1. Schematic diagram of the methodology conducted in this study.  

Table 1 
Details and characterization of identified miRNAs in terms of MFE = minimal folding energy, AMFE = adjusted minimal folding free energy, MEFI = minimal folding 
free energy index.  

Category EST_Id miRNA_Id miRBase_Id Mature_sequences miRNA_ 
Length 

Precursor 
_Length 

(A +
U) 
% 

(G +
C) 
% 

MFE 
(kcal/ 
mol) 

AMFE MFEI 

Novel 
family 

EX294530.1 cpa- 
miR6034 

bna- 
miR6034 

TGATGTATATAGCTTTGGG  19  122  63.16  36.84  − 29.1  − 23.85  − 0.50 

Known 
family 

EX266087.1 cpa- 
miR8137 

cpa- 
miR8137 

TTCGCCAGCCATTCACAAAAT  21  177  57.14  42.86  − 65.4  − 36.95  − 0.90 

Known 
family 

EX270657.1 cpa- 
miR390b- 
5p 

zma- 
miR390b-5p 

AAGCTCAGGAGGGATAGCGCC  21  151  38.1  61.9  − 55  − 36.42  − 0.87 

Known 
family 

EX270657.1 cpa- 
miR390b- 
3p 

sly- 
miR390b-3p 

CGCTATCCATCCTGAGTTTCA  21  151  52.38  47.62  − 55  − 36.42  − 0.87 

Novel 
family 

EX271034.1 cpa- 
miR3629b 

vvi- 
miR3629b 

CTGCTGAGAAAATGTAGG  18  193  55.56  44.44  − 48.9  − 25.34  − 0.65 

Known 
family 

EX272918.1 cpa- 
miR8154 

cpa- 
miR8154 

CAGAGGAGGAGATGAAGAGGGA  22  117  45.45  54.55  − 52.2  − 44.62  − 0.84 

Known 
family 

EX276907.1 cpa-miR535 aqc-miR535 TGACAACGAGAGAGAGCACGC  21  127  42.86  57.14  − 47.5  − 37.4  − 0.81 

Known 
family 

EX280290.1 cpa- 
miR8146 

cpa- 
miR8146 

AGGAAGACGGTGAGTAGATGCC  22  122  45.45  54.55  − 33.9  − 27.79  − 0.54 

Known 
family 

EX301096.1 cpa- 
miR166h 

mes- 
miR166h 

TCGGACCAGGCTTCATTCCCGT  22  181  49.91  59.09  − 61.7  − 34.09  − 0.74  
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Fig. 2. The predicted stem loop structure of newly identified miRNA of Carica papaya, mature miRNA sequence are marked with green colour as shown cpa-miR6034 
(homolog of bna-miR6034), cpa-miR3629b (homolog of vvi-miR3629b), cpa-miR8137 (homolog of cpa-miR8137), cpa-miR390b-5p (homolog of zma-miR390b-5p), cpa- 
miR390b-3p (homolog of sly-miR390b-3p), cpa-miR8154 (homolog of cpa-miR8154), cpa-miR535 (homolog of aqc-miR535), cpa-miR8146 (homolog of cpa-miR8146),cpa- 
miR166h (homolog of mes-miR166h). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Table 2 
List of potential targets genes and their inhibition type of identified miRNA cpa-miR6034 and cpa-miR3629b.  

miRNA_Acc. Target_Acc. Target Alignment Target_start Target_end Inhibition 

cpa- 
miR3629b 

NM_015276 USP22 (Ubiquitin Specific Peptidase 22) 499  516 Cleavage 

NM_031461 CRISPLD1 (Cysteine Rich Secretory Protein LCCL 
Domain Containing 1) 

230  247 Cleavage 

NM_198568 GJB7 (Gap Junction Protein Beta 7) 1163  1180 Cleavage 

NM_014766 SCRN1 (Secernin 1) 996  1013 Translation 

NM_003778 B4GALT4 (Beta-1,4-Galactosyltransferase 4) 128  145 Cleavage 

NM_006813 PNRC1 (Proline Rich Nuclear Receptor Coactivator 1) 771  788 Cleavage 

NM_001012455 ZSCAN23 (Zinc Finger And SCAN Domain Containing 
23) 

849  866 Cleavage 

NM_004440 EPHA7 (EPH Receptor A7) 2872  2889 Cleavage 

NM_152721 DOK6 (Docking Protein 6) 4662  4679 Cleavage 

NM_005565 LCP2 (Lymphocyte Cytosolic Protein 2) 458  474 Cleavage 

NM_003588 CUL4B (Cullin 4B) 1669  1686 Cleavage 

NM_001014797 KCNMA1 (Potassium Calcium-Activated Channel 
Subfamily M Alpha 1) 

5508  5525 Cleavage 

NM_001145205 SHISA9 (Shisa Family Member 9) 2781  2798 Cleavage 

NM_019618 IL36G (Interleukin 36 Gamma) 64  81 Cleavage 

NM_001010000 ARHGAP28 (Rho GTPase Activating Protein 28) 774  791 Cleavage 

NM_198514 NHLRC2 (HL Repeat Containing 2) 3773  3790 Cleavage 

NM_002481 PPP1R12B (Protein Phosphatase 1 Regulatory Subunit 
12B) 

149  166 Cleavage 

NM_032104 PPP1R12B (Protein Phosphatase 1 Regulatory Subunit 
12B) 

282  299 Cleavage 

NM_153244 C10orf111 690  707 Cleavage 

NM_001164283 TRAF3IP2 (TRAF3 Interacting Protein 2) 1339  1356 Cleavage 

NM_002718 PPP2R3A (Protein Phosphatase 2 Regulatory Subunit 
B′′Alpha) 

1070  1086 Cleavage 

NM_014699 ZNF646 (Zinc Finger Protein 646) 62  79 Cleavage 

NM_025141 TM2D3 (TM2 Domain Containing 3) 563  580 Cleavage 

(continued on next page) 
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Table 2 (continued ) 

miRNA_Acc. Target_Acc. Target Alignment Target_start Target_end Inhibition 

NM_001146106 PARP9 (Poly(ADP-Ribose) Polymerase Family 
Member 9) 

3188  3205 Translation 

NM_018036 ATG2B (Autophagy Related 2B) 1349  1366 Cleavage 

NM_001128159 VPS53 (VPS53 Subunit Of GARP Complex) 586  603 Cleavage 

cpa-miR6034 NM_004560 ROR2 (Receptor Tyrosine Kinase Like Orphan 
Receptor 2) 

254  272 Cleavage 

NM_013250 ZNF215 (Zinc Finger Protein 215) 789  807 Cleavage 

NM_001145306 CDK6 (Cyclin Dependent Kinase 6) 4036  4054 Cleavage 

NM_002356 MARCKS (Myristoylated Alanine Rich Protein Kinase C 
Substrate) 

2644  2662 Translation 

NM_003389 CORO2A (Coronin 2A) 2384  2402 Cleavage 

NM_017662 TRPM6 (Transient Receptor Potential Cation Channel 
Subfamily M Member 6) 

1230  1248 Cleavage 

NM_003045 SLC7A1 (Solute Carrier Family 7 Member 1) 2996  3014 Translation 

NM_015279 TBC1D30 (TBC1 Domain Family Member 30) 2809  2827 Cleavage 

NM_015202 KIAA0556 635  653 Cleavage 

NM_014572 LATS2 (Large Tumor Suppressor Kinase 2) 919  937 Cleavage 

NM_001754 RUNX1 (RUNX Family Transcription Factor 1) 876  894 Cleavage 

NM_001195430 DCLK1 (Doublecortin Like Kinase 1) 2268  2286 Cleavage  
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database considering MIFTS (Malacards Information Scores) ranges 1 to 
101 (Rappaport et al., 2017). 

2.6. Protein-protein interaction and network 

To identify the functional role of known or unknown protein 
behavior, the STRING database was used to comprehend the protein- 
protein interaction (Szklarczyk et al., 2017). The regulatory network 
analysis used to infer the functional importance of putative target genes 
and the corresponding miRNAs regulating them for which Cytoscape 
with cytohubba plugin is used (Chin et al., 2014) (Fig. 1). 

2.7. Nomenclature of predicted miRNA of C. papaya 

Ambro’s rule was utilized to relegate the special name for each 
distinguished miRNA that is like the miRBase design (Sahu et al., 2011). 
‘miR’ assignment has been given to experienced miRNA and the ante-
cedent clasps are named as ‘mir’ with the prefix ‘cpa’ for C. papaya 
(Ambros et al., 2003). In this manner, miRNAs of C. papaya have been 
named by the miRNA terminology as appeared (Table 1). 

3. Results 

3.1. Identification of miRNA from EST set of C. papaya 

The blastn of plant miRNA against C. papaya EST resulted in 7946 hits. 
These hits were processed using Mfold webserver, which resulted in 9 (cpa- 
miR6034, cpa-miR8137, cpa-miR390b-5p, cpa-miR390b-3p, cpa- 
miR3629b, cpa-miR8154, cpa-miR535, cpa-miR8146, cpa-miR166h) po-
tential miRNAs as shown in Fig. 2. Out of these 9 miRNAs, we found 2 
novel miRNAs family, cpa-miR6034 and cpa-miR3629b when cross- 
checked with the reported C. papaya miRNAs deposited in the miRBase 
repository and further explored in this study. The value of MFE ranges from 

− 29.10 kcal/mol to − 61.70 kcal/mol. In our study, the MFEI value of 
C. papaya miRNAs is higher ranging from − 0.50 to − 0.87 which can be 
considered as a putative miRNA. GC % and AU% contributes to the for-
mation and stabilization of secondary structure content. The average GC 
content is 50.9 and AU content is 50.01 respectively. 

3.2. Cross kingdom targets function and protein-protein interaction of 
C. papaya 

As evident that most mature miRNAs regulate the expression of genes 
by binding to certain sites of target mRNAs in both plants and animals, a 
basic target prediction approach was considered to retain the maximum 
potential targets in human. The 37 Human genes targeted by novel 
miRNAs cpa-miR6034 and cpa-miR3629 were identified using psRNA-
Target server (Table 2). These gene were further annotated by Blast2GO 
software, out of which 27 genes were enriched in cellular component, 
molecular function, and biological process. It has also observed that 
most of the genes were involved in the biological process like in 
developmental process, growth, reproduction, cell proliferation and cell 
aggregation as shown in the graph (Fig. 3). Initially, the participating 
genes showed weak interactions in STRING database. After performing 
multiple iterations, genes GRB2, EGFR, STAT3, WNT5A and CDK1 
emerged as mediator genes that govern pathways participating in cancer 
and other important pathways. This is depicted in Fig. 4 showing the 
involvement of 19 genes sharing common interactions with the above 
mediator genes. 

3.3. Role of Carica papaya targets in pathways and disease association 

For better knowledge of disease association in pathways, it is 
important to understand the alteration of downstream signaling path-
ways interacting with conventional signal genes. We manually con-
structed a comprehensive pathway of genes based on the author’s 

Fig. 3. Gene ontology term distribution of C. papaya target genes in major three categories 1) cellular component 2) molecular function 3) biological process.  
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Fig. 4. Protein–protein interaction of C. papaya miRNA derived targets, GRB2, EGFR, STAT3, WNT5A and CDK1 emerged as mediator genes.  
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knowledge as shown in Fig. 5. The present study elucidates that miRNA 
modulates 37 human targets out of which 18 significant genes share 
common pathways and govern the EGFR signaling cascade. With the 
help of mediator genes STAT3, WNT5A, GRB2, IL36 show a strong 
interaction between C. papaya targets genes and associated pathways 
like JAK/STAT signaling, m-TOR pathway, WNT pathway, and ERK 
signaling pathway. It was also observed that C. papaya miRNAs play a 
vital role in different types of cancers like breast cancer, lung cancer, 
prostate cancer and in other human disorders calculated through MIFTS 
value of malacards as shown in (Table 3). 

3.4. Networks analysis of targeted genes of C. papaya 

To recognize the vital controllers of cell signaling pathways, it is 
significant to understand the interconnection of network nodes and its 
hubs that is having the highest number of nodes. As KCNM1, CDK6, 
RUNX1 and LCP2 are involved in many pathways so our intention was to 
understand the signaling networks of these genes. Top five hub nodes 
were detected using degree centrality methods like degree, closeness, 
stress, betweenness, MCC and MNC. RUNX1 and LCP2 were most 
common in all the methods. RUNX1 with a score of 3353 shows the top 
ranked nodes (Table 4) followed by nodes LCP2, CDK6. Additionally, 
RUNX1 and CDK6 share various interconnection protein networks. Also, 
some of the important proteins like GRB2, CBL, CD22, RB1, and SHC1 
show interconnection with hub node LCP2 as shown in Fig. 6. Further-
more, we can say that they are playing an important role in the modu-
lation of signaling pathways. 

4. Discussion 

Carica papaya, which is also known as paw-paw is a superfood which 
provides vast nutritional value and rich in medicinal properties, its 
bioactive secondary metabolites have a wide range of therapeutic exert 
including anti-amoebic, anti-microbial, anti-fertility activity, anti- 
ulcerogenic, anti-fungal, antitumor, diuretic activity, uterotonic activ-
ity and also anti-inflammatory, immunomodulatory properties (Pandey 
et al., 2016; Elgadir et al., 2014). Many studies have been demonstrated 
that various plant miRNA can modulate biological processes, including 
differentiation, apoptosis, proliferation, the immune response, and the 
maintenance of cells (Tsitsiou and Lindsay, 2009; Belver et al., 2011). 
Great discoveries and rapid progress shown how aberrantly miRNAs 
linked to dysregulation in cancer and other diseases (Iorio and Croce, 
2012). In 2012, Zhang and co-workers did a notable study where they 
have reported a landmark observation that plant-derived miRNA present 
in the sera and tissues in mammalian could enter into the gastrointes-
tinal tract and tissues that regulate functional gene expressions across 
different species and can exert therapeutic effects (Zhang et al., 2012). A 
handful number of miRNAs of C. papaya have been submitted in the 
miRBase repository, yet the functional role remains unexplored. 

Total of 9 miRNAs have been predicted, out of which 2 miRNAs were 
found to be from the novel family which was considered for the current 
studies. The higher GC content of predicted C. papaya miRNA compare 
to AU content reflect the greater stability of respective secondary 
structures (Chan et al., 2009). The 2 novel C. papaya miRNAs were 
searched against human using psRNA Target resulted in 37 target genes. 

One of the prominent findings amongst 37 target genes, 18 genes of 
C. papaya miRNAs have participated in predominant pathways. Thus, 
the integrated study of all targets is brought together which is depicted 

Fig. 5. Downstream signaling pathways of identified miRNA targets of Carica papaya.  
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Table 3 
List of potential targets genes and their functional role of identified miRNA cpa-miR6034 and cpa-miR3629b.  

miRNA_Acc. Target_Acc. Target Biological process Pathways Disease_association (MIFTS score > 80) 

cpa- 
miR3629b 

NM_015276 USP22 (Ubiquitin Specific 
Peptidase 22) 

No hit Chromatin organization, deubiquitination, metabolism of 
proteins, HATs acetylate histones 

Breast cancer, hepotocellular carcinoma 

NM_031461 CRISPLD1 (Cysteine Rich 
Secretory Protein LCCL 
Domain Containing 1) 

No hit – No disorder found 

NM_198568 GJB7(Gap Junction Protein 
Beta 7) 

Cellular process (GO: 0009987) Gap junction trafficking, vesicle-mediated transport, G- 
Beta gamma signaling, gap junction assembly, membrane 
trafficking 

No disorder found 

NM_014766 SCRN1 (Secernin 1) No hit  Colorectal cancer, gastric cancer 
NM_003778 B4GALT4 (Beta-1,4- 

Galactosyltransferase 4) 
Metabolic process(GO:0008152); Keratan sulfate/keratin metabolism, Metabolism, 

Transport to the Golgi and subsequent modification, 
Glycosaminoglycan metabolism, Metabolism of proteins, 
Asparagine N-linked glycosylation 

No disorder found 

NM_006813 PNRC1 (Proline Rich Nuclear 
Receptor Coactivator 1) 

No hit – No disorder found 

NM_001012455 ZSCAN23 (Zinc Finger And 
SCAN Domain Containing 23) 

No hit – No disorder found 

NM_004440 EPHA7 (EPH Receptor A7) Cellular process (GO: 0009987); multicellular 
organismal process (GO:0032501) 

GPCR Pathway, ERK Signaling, Nanog in Mammalian ESC 
Pluripotency, EPHA forward signaling, MAPK-Erk 
Pathway. 

Lung cancer, colorectal cancer, hapotocellular 
carcinoma 

NM_152721 DOK6 (Docking Protein 6) No hit   
NM_005565 LCP2 (Lymphocyte Cytosolic 

Protein 2) 
Cellular process (GO: 0009987) TCR Signaling, RET signaling, Immune response NFAT in 

immune response, Immune response Fc epsilon RI 
pathway, Platelet activation Rap1 signaling pathway, G- 
protein signaling_Regulation of RAC1 activity, Immune 
response CD28 signaling. 

No disorder found 

NM_003588 CUL4B (Cullin 4B) Cellular process (GO: 0009987); metabolic 
process (GO:0008152); 

Transcription-Coupled Nucleotide Excision Repair (TC- 
NER), Nucleotide excision repair, Mesodermal 
Commitment Pathway, Ubiquitin mediated proteolysis. 

Lung cancer, hepotocellular carcinoma 

NM_001014797 KCNMA1 (Potassium Calcium- 
Activated Channel Subfamily 
M Alpha 1) 

– – Hemostasis, neuronal system 

NM_001145205 SHISA9 (Shisa Family Member 
9) 

Biological regulation (GO:0065007); cellular 
process (GO: 0009987) 

– No disorder found 

NM_019618 IL36G (Interleukin 36 Gamma) Biological regulation (GO:0065007); cellular 
process (GO: 0009987);localization 
(GO:0051179); metabolic process 
(GO:0008152); multicellular organismal 
process (GO:0032501);response to stimulus 
(GO:0050896) 

IL-1 Family Signaling Pathways, PEDF Induced Signaling, 
Cytokine Signaling in Immune system. 

Innate immune system 

NM_001010000 ARHGAP28 (Rho GTPase 
Activating Protein 28) 

Biological regulation (GO:0065007); cellular 
process (GO: 0009987) 

P75 NTR receptor-mediated Signaling, Signaling by 
GPCR, Signaling by Rho GTPases, Rho GTPase cycle, 
Signal Transduction. 

No disorder found 

NM_198514 NHLRC2 (HL Repeat 
Containing 2) 

No hit Response to elevated platelet cytosolic Ca2+, Hemostasis, 
Platelet activation, signaling and aggregation Platelet 
degranulation, Response to elevated platelet cytosolic 
Ca2+. 

No disorder found 

NM_002481 PPP1R12B (Protein 
Phosphatase 1 Regulatory 
Subunit 12B) 

No hit Activation of cAMP-Dependent PKA, Beta-Adrenergic 
Signaling, Blood-Brain Barrier and Immune Cell 
Transmigration: VCAM-1/CD106 Signaling Pathways, 
Actin Nucleation by ARP-WASP Complex, Regulation of 
PLK1 Activity at G2/M Transition, Focal adhesion, 
Oxytocin signaling pathway 

Proteoglycans in cancer 

NM_032104 No hit – Asthma 

(continued on next page) 
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Table 3 (continued ) 

miRNA_Acc. Target_Acc. Target Biological process Pathways Disease_association (MIFTS score > 80) 

PPP1R12B (Protein 
Phosphatase 1 Regulatory 
Subunit 12B) 

NM_153244 C10orf111  – No disorder found 
NM_001164283 TRAF3IP2 (TRAF3 Interacting 

Protein 2) 
Biological regulation (GO:0065007); cellular 
process (GO: 0009987); immune system process 
(GO:0002376); metabolic process 
(GO:0008152); 

– Rheamatoid Arthiritis, Systematics lupus, 
Erythymatotus, Crohn’s Disease 

NM_002718 PPP2R3A (Protein Phosphatase 
2 Regulatory Subunit B′′Alpha) 

No hit Beta-Adrenergic Signaling, p70S6K Signaling, PI3K-Akt 
signaling pathway, Cyclins and Cell Cycle Regulation, 
ERK Signaling, Glycogen Metabolism, Wnt Signaling 
Pathway and Pluripotency, AMPK signaling pathway, 
Dopaminergic synapse, Human papillomavirus infection, 
mRNA surveillance pathway, Neurophysiological process 
Glutamate regulation of Dopamine D1A receptor 
signaling, Breast Cancer Regulation by Stathmin1, CDK5 
Pathway 

No disorder found 

NM_014699 ZNF646 (Zinc Finger Protein 
646) 

Metabolic process (GO:0008152); – No disorder found 

NM_025141 TM2D3 (TM2 Domain 
Containing 3) 

No hit – Alzhiemer Disease 

NM_001146106 PARP9 (Poly(ADP-Ribose) 
Polymerase Family Member 9) 

No hit Metabolism of water-soluble vitamins and cofactors, NAD 
metabolism, Metabolism nicotinamide salvaging 

No disorder found 

NM_018036 ATG2B (Autophagy Related 
2B) 

Cellular process (GO:0009987); localization 
(GO:0051179); 

– Colorectal Cancer, Leukemia, acute Myeloid 

NM_001128159 VPS53 (VPS53 Subunit Of 
GARP Complex) 

Localization (GO:0051179); – No disorder found 

cpa- 
miR6034 

NM_004560 ROR2 (Receptor Tyrosine 
Kinase Like Orphan Receptor 
2) 

Biological regulation (GO: 0065007); cellular 
process (GO: 0009987); multicellular 
organismal process (GO:0032501) 

GPCR Pathway, ERK Signaling, Nanog in Mammalian ESC 
Pluripotency, Actin Nucleation by ARP-WASP Complex, 
CDK-mediated phosphorylation and removal of Cdc6, 
Wnt Signaling Pathway, Activation of cAMP-Dependent 
PKA, Activation of PKA through GPCR, Tyrosine Kinases/ 
Adaptors, Transport of glucose and other sugars, bile salts 
and organic acids, metal ions and amine compounds 

Breast cancer, lung cancer, colorectal cancer, 
hepotocellular carcinoma, ovarian cancer 

NM_013250 ZNF215 (Zinc Finger Protein 
215) 

Biological regulation (GO: 0065007); metabolic 
process(GO: 0008152); multicellular 
organismal process (GO: 0032501) 

Gene Expression, Generic Transcription Pathway No disorder found 

NM_001145306 CDK6 (Cyclin Dependent 
Kinase 6) 

Cellular process (GO: 0009987) Glioma, Cyclins and Cell Cycle Regulation, Cellular 
Senescence, Human cytomegalovirus infection, DNA 
Damage Response, Cell Cycle,C-MYB transcription factor 
network, Coregulation of Androgen receptor activity, G1 
to S cell cycle control, Chronic myeloid leukemia, Cushing 
syndrome 

Lung cancer, breast cancer, pancreatic cancer, 
hepotocellular cancer, gastric cancer, ovarian cancer 

NM_002356 MARCKS (Myristoylated 
Alanine Rich Protein Kinase C 
Substrate) 

No hit Integration of energy metabolism, cAMP and Lipid 
Signaling,Fc gamma R-mediated phagocytosis, 
MicroRNAs in cancer. 

No disorder found 

NM_003389 CORO2A (Coronin 2A) Cellular process (GO: 0009987) Brain-Derived Neurotrophic Factor (BDNF) signaling 
pathway, Acetylcholine regulates insulin secretion, 
Regulation of insulin secretion. 

No disorder found 

NM_017662 TRPM6 (Transient Receptor 
Potential Cation Channel 
Subfamily M Member 6) 

No hit Ion channel transport, Mineral absorption, CREB 
Pathway, Transport of glucose and other sugars, bile salts 
and organic acids, metal ions and amine compounds,TRP 
channels. 

No disorder found 

NM_003045 SLC7A1 (Solute Carrier Family 
7 Member 1) 

Localization (GO:0051179); MicroRNAs in cancer, Transport of glucose and other 
sugars, bile salts and organic acids, metal ions and amine 

No disorder found 

(continued on next page) 
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in Figs. 5 & 7. C. papaya miRNA mediated target genes like USP22, 
IL36G participate in JAK/STAT signaling cascade (Sansone and Brom-
berg, 2012; Chipumuro and Henriksen, 2012). Phosphorylation of STAT 
activates the JAK-STAT signaling cascade stimulates cell proliferation, 
differentiation, cell migration and apoptosis (Rawlings et al., 2004). A 
recent publication showed that USP22 modulate the activity of STAT3 
indirectly by stabilizing EGFR, whereas downregulation of USP22 sup-
pressed osteosarcoma tumor growth and metastasis (Li et al., 2019; 
Zhang et al., 2017). Moreover, TRMP6 is an alpha kinase domain that 
indirectly participates in the ERK pathway as well as increases the levels 
of Mg+ resulting in preventing chronic Mg+ deficiency (Takashina 
et al., 2018; Capolongo et al., 2019). Another important genes like 
MARCKS and ROR2 which are the targets of cpa-miR6034, are associ-
ated with wnt signaling pathway and may lead to control tumor pro-
gression, apoptosis, migration, invasion in renal cell carcinoma and 
breast cancer (Bayerlová et al., 2017), whereas phosphorylation of 
MARCKS by E2F1 plays an important role in cytoskeletal control, cell 
cycle regulation, inflammation, secretion/exocytosis, cell migration, 
and cell survival (Fong et al., 2017). Furthermore, mTOR signaling 
pathway plays a pivotal role in the activation/regulation of some bio-
logical process, cpa-mir3629 may inhibit autophagy by directly target-
ing ATG2B via m-Tor signaling pathway which led to inhibition of 
programmed cell death in chronic lymphocytic leukemia cells and colon 
cancer (Tam et al., 2017; Gozuacik et al., 2017). Dephosphorylation of 
PPP1R12A activates various cellular processes through mTOR/Raptor 
pathway that plays a key role in skeletal muscle insulin signaling 
(Geetha et al., 2012; Zhang et al., 2014). As depicted in Fig. 5, EGFR 
signaling cascade autonomously activating two distinct downstream 
signaling cascades, one of them like GRB2 interlinked with PNRC1 
which is a proline-rich receptor that may suppress nuclear receptor- 
mediated regulation in human breast tissue (Zhou et al., 2004). None-
theless, gene-like EPHA7 is directly integrated with MEK which phos-
phorylate ERK which affects different transcription factors like c-myc, 
cyclinD, E2F and STAT3. However, the downregulation of EPHA7 
effectively suppressed laryngeal carcinoma cell growth and promoted its 
apoptosis. The knockdown of ephrin receptor A7 suppresses the prolif-
eration and metastasis of A549 human lung cancer cells (Xiang et al., 
2015; Li et al., 2016). Whereas LCP2 is one of the targets which involves 
in T-cell receptor signaling pathway. Moreover, there is a significant 
association between ERK and T-cell receptor in cancer pathways (Ping 
et al., 2018; Kolch and Pitt, 2010; Kortum et al., 2013). Another 
important gene LATS2 interacts with ERK and inhibits the CDK6 in 
hippo signaling pathway for cell proliferation and cell migration. It also 
increases the activity of hippo signaling by YAP pathway (Boopathy and 
Hong, 2019). Consequently, DCLK1 is a CSC marker (cancer stem cells), 
where its regulation via c-Myc may effect downstream multiple path-
ways like inflammation, microtubule cytoskeleton reorganization, 
immunosuppression and oncogenic (Ali et al., 2015). 

Genes LCP2, CDK6, RUNX1and KCNMA1 make a strongly significant 
network as well as are reported in disease related pathways. RUNX1 is 
one of the significant targets which is not only playing a crucial role as 
oncogene but also participating in platelet regulation. Evidence shows 

Table 4 
Top ten-hub nodes calculated through centrality method.  

MCC MNC DEGREE CLOSENESS STRESS BETWEENESS 

LCP2 LCP2 LCP2 ESR1 RUNX1 RUNX1 
RUNX1 GRB2 RUNX1 GRB2 ESR1 ESR1 
LYN PLCG1 GRB2 SHC1 GRB2 GRB2 
RB1 CBL PLCG1 RUNX1 CTNNB1 PTK2 
CCND1 SHC1 CBL AR PTK2 CDK6 
PTPRC SYK SYK PTPN6 FYN AR 
PTPN6 ESR1 SHC1 CDK6 CDK6 FYN 
CD22 RB1 ESR1 FYN AR CTNNB1 
PLCG1 LCK RB1 LCP2 SHC1 RB1 
BLNK CDK6 LCK CTNNB1 PTPN6 PNRC1  
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RUNX1 involvement in platelet biogenesis or regulation. According to 
Schlegelberger and Heller, mutation in RUNX1 cause thrombocyto-
penia, a platelet disorders in acute myelogenous leukemia patient 
(Schlegelberger and Heller, 2017a). Moreover, Glembotsky AC and 
colleagues found that RUNX1 regulates platelet biogenesis and function 
by targeting NF-E2 (Glembotsky et al., 2014). Another study showed 
that when wild type RUNX1 is incorporated into iPSCs, it is possible to 
correct the mutated gene (Schlegelberger and Heller, 2017b). The sec-
ond most prime target was CDK6 which plays a pivotal role in platelet 
response in mice hemostasis (Hurtado et al., 2014). Additionally, the 
previous studies reported that mir-33a and mir-34a negatively regulate 
CDK6 and promote G1 arrest, even inhibits the proliferation of gastric 
cancer and breast cancer (Sun et al., 2008; Wang et al., 2015; Pernas 
et al., 2018). Nonetheless, two more significant targets of cpa-miR-3629 
are LCP2 and KCAMN1 which modulate the development and progres-
sion of colon cancer. The present study strongly suggests that cpa- 
miR3629 and cpa-mir3064 significantly targets RUNX1 and CDK6 
respectively and approaches the primary platform for better human 
health. So, the current study leading towards understanding the 
computational identification of miRNA from Carica papaya using 
Expressed sequence tag (EST) data based on the homology search 
method. 

5. Conclusion 

Conclusively, apart from high nutrients present in C. papaya and its 
medicinal properties have also shown beneficiary effects on human 
health. Since plant-derived miRNA could regulate human health and can 
be considered as novel nutrient supplements for therapeutic exert. Our 
study indicated the possible role played by C. papaya derived miRNAs in 
biological processes, disease association and modulating the down-
stream signaling cascade via predominant pathways of cancer and may 
have a functional impact on human disease. This study suggests a cross- 
kingdom approach of C. papaya mediated miRNA (i.e., cpa-miR6034 and 
cpa-miR3629) which may regulate human transcriptome and enhance 
the molecular signaling between species. The future outcomes may 
provide insights into the underlying mechanism of C. papaya mediated 
miRNAs as novel therapeutic targets in humans. 
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Fig. 6. Network analysis of top hub nodes RUNX1, KCNMA1, LCP2 and CDK6 detected from degree centrality methods.  
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