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Abstract

Venous thromboembolism (VTE) encompasses two clinically interrelated conditions; deep vein
thrombosis (DVT) and pulmonary embolism (PE), the later one being potentially fatal. It is
complex multifactorial disease which requires comprehensive understanding at molecular level.
Currently, D-dimer is being clinically used for VTE diagnosis; however it has low specificity
and diagnostic value. Till date, various experimental reports have discussed the functional role
of microRNAs (miRNAs) in cardiovascular diseases, cancer, inflammation, atherosclerosis etc.
Several recent studies have illustrated differential expression of various circulating miRNAs and
their potential diagnostic and therapeutic values for VTE patients. These small RNAs are non-
coding and suppress their gene targets at the post-transcriptional level. In the present study, we
systematically evaluated available researches and performed bio-informatics analysis to provide
new insights into the role of miRNA in VTE pathophysiology.

Purpose of study: The aim of the present study was to consolidate the current information
available on miRNAs linked to venous thrombeosis and to identify the most potent miRNA and
its target genes which could be useful in designing the future therapeutic strategies for treatment
of venous thrombosis.

Method: In the present study we retrieved recent articles associating various miRNAs with VTE
pathophysiology. The eligibility criteria for inclusion in this study was met by six articles which
pointed towards sixteen different miRNAs linked with VTE susceptibility. We further listed out
their target genes using online miRNA target prediction tools and subjected each of them to
functional gene enrichment analysis and pathway analysis.

Results: Eleven functionally relevant miRNAs were identified after pathway analysis which
regulate target genes involved in VTE associated pathways, such as hemostasis, blood coagulation,
platelet activation, endothelin signalling and angiogenesis pathways. Other five miRNAs did not
show any target genes in blood coagulation pathway and platelet activation, hence they were
not considered for downstream analysis. The selected list of miRNAs was subjected to network
analysis.

Conclusions: Our in silico analysis results pointed towards four most potential miRNAs that
could be used as biomarkers of VTE; hsa-mir-320a, hsa-mir-195, hsa-mir-103a-3p, hsa-mir-
26a. These miRNAs could also prove as critical targets for understanding molecular regulatory
mechanism underlying pathophysiology and therapeutic interventions during VTE treatment.
This analysis advance our understanding of regulatory mechanism of genes involved in VTE.
Further in vivo validation of this data is required for confirming the present observation.
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Introduction

Venous thrombo-embolism (VTE) is a multi-factorial disease
involving various genes and systems. Its two main clinical
formations include DVT and PE, the later being a life-threatening
complication. Both clinical forms of VTE are significant public
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concernasareregarded as the third mostcommon vascular disease
in developed countries [1] and is major cause of mortality and
morbidity. It often occurs spontaneously and is asymptomatic,
with no obvious clinical symptoms in early stages. Effective and
timely therapy is needed in case of DVT, failing which abnormal
swelling and ulceration of limbs occur and it may further lead
to PE [2]. The risk factors of this complex disease, VTE, can
be divided into acquired and genetic; the classic risk factors
include cancer, surgery, prolonged immobilization, paralysis or
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fracture, hormone replacement therapy, use of oral contraceptive
and hereditary coagulopathies. Blood clotting factors play a
pivotal role in VTE pathogenesis. Increase in plasma levels
of fibrinogen, factor VIII (FVIII), factor IX (FIX), factor XI
(FXI) and prothrombin (FII) are considered as independent risk
factors for VTE [3]. Also, since endothelium plays a key role
in maintaining vascular homeostasis and controls coagulation,
fibrinolysis and platelet activation [4-6], endothelial damage
contributing to spontaneous and acute venous thrombosis has
been well established [7-9]. Large numbers of laboratories all
over the world are working on biomarkers that can be reliably
used for VTE diagnosis. D-dimer test, which is currently used
for VTE diagnosis has low specificity, as D-dimer levels are
also elevated in non-thrombotic conditions such as infection,
pregnancy, post-surgery and stroke [10]. Various types of
venous malformations can be classified based on their severity
and accurately diagnosed using different imaging techniques
like contrast-enhanced MR-angiography [11,12]. Different
radiological imaging patterns of different venous formations can
help in deciding the treatment strategies [13]. However, these
imaging techniques are costlier and are not available readily
at all places. Therefore, despite vast research, consistent and
reliable VTE biomarkers and specific gene targets for effective
treatment are lacking.

Small RNA sequences such as Micro RNAs (miRNAs) form
a part of evolutionarily conserved system. These small RNA
sequences play a significant role in regulation of gene expression
in eukaryotes. MiRNAs are small endogenous non-coding
RNAs (~approx. 22 nucleotides) that suppress the expression
of their target genes at post-transcriptional level through non-
complimentary base pairing with target mRNAs [14]. Each

miRNA can potentially target several mRNAs and repress their
activity thereby altering biological networks [15,16]. Although
miRNAs act at intracellular level, circulating miRNAs can be
detected in whole blood and plasma samples. Many strong
evidences have been accumulated in the recent years which
demonstrate the significant role of these miRNAs in pathogenesis
of numerous cardiovascular diseases [17]. Several miRNAs
have been shown to regulate the processes such as vascular
inflammation, neointimal lesion formation, atherosclerosis and
coronary artery disease [18-20]. Recent studies have reported
differential expression of miRNA in venous thrombosis [21-
24]. Gradually, differentially expressed miRNAs in venous
thrombosis are receiving attention. These VTE linked miRNAs
can prove as potential biomarker candidates and also their target
genes can enlighten pathogenetic mechanism and therapeutic
options for VTE.

In the present study, we have systematically evaluated recent
researches on miRNA linked to VTE/DVT and using various
bioinformatic analysis tools further we enlisted most potential
miRNAs and their target genes in this regard. Herein we provide
new insights into the underlying mechanisms of VTE, for its
diagnosis and therapeutics using targeted miRNA approach.
Our findings advance understanding of regulatory mechanisms
underlying VTE.

Methodology

This study is based on review of published literature and further
in silico analysis (Figure 1). Individual patient data is not
involved in the present study and hence no ethical approval was
necessary for this study.
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Figure 1. Flow chart of In-Silico miRNA study design.
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Data sources and retrieval

Exhaustive web surfing was conducted for research articles
published in databases PubMed, Embase and Web of Science in
the period between 2000 to 2018. Based on this, a curated list of
miRNAs with obvious role in venous thrombosis was prepared.

Inclusion criteria and data collection

Various articles relating miRNAs expression with DVT/VTE
were contained. In the present in silico study, we have selected
only those studies, wherein plasma or serum samples (peripheral
source) were used to identify differentially expressed miRNAs;
whereas those, in which tissue or cell lines were used as samples,
were excluded from our study. Using the said selection criteria
we aimed to study the potential use of circulating miRNAs in
DVT diagnosis and treatment. Significantly expressed miRNAs
from all these studies were selected for subsequent analysis
(Table 1).

Target identification

Three different online tools, viz. Target scan (http://www.
targetscan.org/vert 71/) [25], miRDB (http://www.mirdb.org/)
[26] and miSTAR (www.mi-star.org) (miRNA stacked model
target prediction) [27] were used to identify target genes of
selected miRNA. These tools comprise of comprehensive data
of experimentally validated miRNA-mRNA target interactions.
Also, these databases are updated periodically to incorporate
recent information. Based on these, miRNA target search
was conducted and a list of target genes for each selected
miRNA was prepared. For mRNA prediction, both predicted
and experimentally validated targets were chosen from each
database, based on the target prediction scores.

Functional gene annotation and pathway analysis

The target gene lists thus obtained were subjected to functional
gene annotation using Gene Codis (http://genecodis.cnb.csic.
es/analysis) [28-30]. GO (Gene Ontology) functional analysis,
or “GO term enrichment,” was used to identify pathways
and processes that are significantly enriched for each set of
genes. Enrichment analysis was also used to identify pathways
associated with target genes of miRNA. Pathway analysis was
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done using Reactome (https://reactome.org/PathwayBrowser/)
[31,32] and Panther pathways (http://pantherdb.org/tools/index.

jsp) [33].
Network analysis

All the sixteen miRNAs were subjected to computation based
network analysis. Network building was done using web tool
miRNet (http://www.mirnet.ca.) [34], which generated high
quality miRNA-target interaction networks using various
databases. Different filters were applied on miRNAs to make
the networks more clear by controlling its size and not losing
any important information. These filtering tools were based on
topological measures such as degree, betweeness and shortest
path. With this way, we could manage fine control over resulting
networks.

Comparison of target genes

Target genes regulated by selected miRNAs were compared
using Venn diagram analysis. Venn diagrams were obtained
using http://www.interactivenn.net/ [35].

Results
miRNAs involved in VTE

All recent publications available online were put under scrutiny
for initial selection of most potent miRNA in relation to VTE
pathophysiology. Since the circulating miRNAs found in body
fluids such as plasma or serum are apparently more stable, hence
we selected only those studies wherein miRNAs extracted
from peripheral source were taken. After screening, the studies
conducted on certain tissues and cell lines were excluded and
duplicates were removed. We selected 16 potentially relevant
miRNAs based on results of six recent studies, which met
the criteria [21-24,36,37] for further analysis. Both Qin et al.
[21] and Wang et al. [23] pooled their samples to decrease
redundancy amongst individuals.

Significant miRNA expression

The selected articles and their experimentally validated
significant miRNAs associated with VTE/DVT are shown in
Table 1. Notably, miR-424-5p was the only common miRNA in

Table 1. List of selected miRNAs involved in VTE pathogenesis (based on published literature search).

S. No. Relevant miRNAs for VTE pathogenesis
1 hsa-miRNA-145
2 hsa-miRNA-582
3 hsa-miRNA-195
4 hsa-miRNA-532
5 hsa-miRNA-135
6 hsa-miRNA-10b-5p
7 hsa-miRNA-320a
8 hsa-miRNA-320b
9 hsa-miRNA-424-5p
10 hsa-miRNA-423-5p
1 hsa-miRNA-103a-3p
12 hsa-miRNA-191-5p
13 hsa-miRNA-301a-3p
14 hsa-miRNA-199-3p
Repeat hsa-miRNA-424-5p
15 hsa-miRNA-136-5p
16 hsa-miRNA-26a

12

Source Regulation during VTE
[24] Down-regulated in patients
[21] Up-regulated in patients
[21] Up-regulated in patients
[21] Up-regulated in patients
[36] Up-regulated in patients
[22] Up-regulated in patients
[22] Up-regulated in patients
[22] Up-regulated in patients
[22] Up-regulated in patients
[22] Up-regulated in patients
[22] Down-regulated in patients
[22] Down-regulated in patients
[22] Down-regulated in patients
[22] Down-regulated in patients
[23] Up-regulated in patients
[23] Down-regulated in patients
[37] Down-regulated in patients
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two research publications. Out of sixteen miRNAs selected in
total, nine were found to be up-regulated and seven were down-
regulated in VTE patients.

Identification of target genes of significant miRNAs

It is well established that each miRNA is able to regulate from
one to a large number of mRNAs, different algorithms are
available to search miRNA—target interactions. In order to make
the method more robust, three different online software were
used to identify target genes of selected differentially expressed
miRNAs; miSTAR, miRBD and Target Scan. These genes were
selected based on their target prediction score. After removing
the duplicate genes from each list, the number of genes targeted
by each selected miRNA was found to be highly variable (Table 2).

Functional classification of miRNAs

GO assigns biological processes (BP), cellular components
(CC) and molecular function (MF). Online software dcGO
predictor was used to perform GO classification (supfam.org/
SUPERFAMILY /cgi-bin/dcpredictormain.cgi). Statistical significant
cut-off p-value was set as <0.05. GO enrichment analysis
categorized miRNA target genes into biological processes,
molecular function and cellular component genes. Amongst
top terms of biological processes included those belonging to
regulation of cell cycle process, programmed cell death, response
to stress, apoptosis signalling pathway, positive regulation of
protein serine/threonine, cellular metabolic process etc. Terms
included in molecular function were those involved in protein
binding, DNA binding, RNA binding, nucleoside phosphate
binding, transferase activity, oxireductase activity etc.
Meanwhile cell component terms were enriched in intracellular
organelle, protein-containing complex, plasma membrane
protein complex, cell periphery and catalytic complex. The
representative GO terms for 4 miRNAs are shown in Figure 2.

Pathway analysis

Pathway enrichment was done using Panther pathways and
Reactome pathway database. Enrichment analysis enlisted large
number of pathways regulated by target genes of significant
miRNAs. These included various signalling pathways like
mitogen activated protein kinase (MAPK) signalling, alpha

adrenergic receptor signalling, apoptosis signalling, EGF
receptor signalling, FGF signalling, interleukin signalling, Wnt
signalling, Notch signalling and VEGF signalling along with
genes of glycolysis pathway, RAS pathway, TCA cycle, DNA
replication, oxidative stress response, T-cell activation pathway
etc. In order to narrow the miRNA list and evaluate the role of
selected miRNAs in VTE, we selected five pathways based on
their established role in pathogenesis of venous thrombosis viz.,
hemostasis, blood coagulation, platelet activation endothelin
signalling and angiogenesis. The extracted target genes for all
selected miRNAs were checked for their role in mediating these
pathways. Target genes of only eleven miRNAs out of sixteen
were participating in the selected pathways (Figure 3). This
converged our focus to eleven miRNAs instead of sixteen.

Network analysis

In order to establish molecular interactions of miRNA-target
genes, MiRNA mediated gene regulatory networks were
constructed. Detailed study of the network properties was done
such as betweenness centrality for the network, which measured
the number of shortest paths going through the node taking into
consideration the global network structure and composed of
degree which took into consideration the minimal betweenness
and was by default set as 0.0. All the sixteen selected miRNAs
were subjected to network creation using miRNet. Networks
showed varying degree and betweenness centrality amongst
them, as shown in Table 3. MiRNA-target interaction networks
were optimized using different algorithms and filters to improve
visualization. Four miRNAs viz. hsa-miR-320a, hsa-miR-
199-5p, hsa-miR103a-3p and hsa-miR-26a-5p were found to
show maximum nodes and were positioned between the dense
clusters (Figure 4). These four miRNA species were found to be
closely connected to genes involved in platelet activation, blood
coagulation and hemostasis etc., as listed in Table 4.

Many important genes involved in VTE relevant pathways are
targeted by these four miRNAs (Figure 5). Thus miRNA-mRNA
networks highlighted four central miRNAs which showed
strongest interactions with the genes of interest.

Comparison of target genes regulated by 4 selected miRNAs

The four most relevant miRNAs obtained after network analysis

Table 2. Listing number of target genes for selected miRNAs based on target prediction score.

S. No. Relevant miRNAs for VTE pathogenesis Target genes
(miSTAR, miRDB, TargetScan)

1 hsa-miRNA-145 1456
2 hsa-miRNA-582 1704
3 hsa-miRNA-195 1091
4 hsa-miRNA-532 1553
5 hsa-miRNA-135 723
6 hsa-miRNA-10b-5p 142
7 hsa-miRNA-320a 482
8 hsa-miRNA-320b 343
9 hsa-miRNA-424-5p 763
10 hsa-miRNA-423-5p 361

1 hsa-miRNA-103a-3p 739
12 hsa-miRNA-191-5p 70

13 hsa-miRNA-301a-3p 760
14 hsa-miRNA-199-3p 407
15 hsa-miRNA-136-5p 303
16 hsa-miRNA-26a 1259
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Figure 2. Top GO terms (Biological processes, molecular function and cellular component) of 4 miRNAs represented in bar chart based on their
putative target genes.
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Figure 3. Target genes of selected miRNAs hitting five VTE linked pathways: 5 different pathways commonly associated with VTE were selected.
Target gene list of all 16 selected miRNAs were subjected to pathway analysis, and only 11 out of them showed genes participating in these VIE
linked pathways.

were subjected to comparison amongst each other, by comparing ~ Hsa-miR-320a and hsa-mir-195-5p are reportedly up-regulated
the difference and similarities in their target genes. There were ~ whereas hsa-miR-103a-3p and ha-mir-26a are down-regulated
only five genes which were regulated by all the four miRNAs  in VTE/DVT patients [21,22,37]. We compared the target gene
(Figure 6). These were CDK6, CELF2, CREBRF, DCPIA  [jst of these two up-regulated and down-regulated miRNAs
anq PDIKI1L. Also, a large pumber gf genes were found to.be separately, as shown in Figure 7a and 7b.

uniquely targeted by each miRNA, viz., 310 genes by hsa-miR- '

320a, 721 genes by hsa-miR-195-5p, 459 genes by hsa-mir-  Ninety four genes were found to be commonly targeted upon
103a-3p and 978 genes by hsa-miR-26a (Figure 6). comparison of hsa-mir-320a and hsa-mir-195. Sine these

14 J Res Rep Genet 2018 Volume 2 Issue 3



Citation: Srivastava S, Garg I, Ganju L, et al. Prediction of circulating miRNAs and their target genes involved in venous thrombo-embolism (VTE)
pathogenesis: A computational approach. J Res Rep Genet. 2018,2(3):10-20

Table 3. List of top miRNAs based on scoring algorithm.

S.No. miRNA Degree Betweenness centrality
1 hsa-mir-320a 584 1329400
2 hsa-mir-26a 457 1048200
3 hsa-mir-195-5p 640 1034700
4 hsa-mir-301a-3p 395 910980
5 hsa-mir-423-5p 343 777670
6 hsa-mir-103a-3p 453 764230
7 hsa-mir-10b-5p 323 757830
8 hsa-mir-145-5p 238 528900
9 hsa-mir-424-5p 471 475930
10 hsa-mir-136-5p 160 358660
1 hsa-mir-582-5p 149 283790
12 hsa-mir-199a-3p 114 202370
13 hsa-mir-135a-5p 94 201440
14 hsa-mir-191-5p 78 164240
15 hsa-mir-320b 145 137070
16 hsa-mir-532-5p 64 131630
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Figure 4. Gene regulatory network after applying A. Betweenness filter; B. Shortest Path filter; to all 16 miRNAs. Squares marked in blue in both
the networks represent miRNAs whereas the red dots represent the genes. Fine lines show the connections between the miRNAs and the genes. Green
arrows in figure B. shows four miRNAs found to be highly connected with genes involved in platelet activation, blood coagulation and hemostasis.

Table 4. List of genes from relevant pathways and their biological role, obtained from network analysis.

S. No. Biological role Gene Count Included gees

1 Platelet aggregation 9 AKT1, MPL, PTK2, SRC, ADRA2B, CRK, GRB2, ITGB3, SYK

2 Blood coagulation 3 ATP2B1, TRPCS6, ITPR1

3 Platelet Adhesion to exposed collagen |1 ITGA2

4 Homeostasis 8 ATP2B1, NOS2, TRPC6, GNB1, MAPK14, GNAS, ITPR1, PTPN11

5 eNOS activation/Endothelial response 4 CAV1, AKT1, CALM3, HSP90AA

6 Complement cascade 2 C3, CD55

7 Cellular response to hypoxia 8 EP300, RPS27A, VEGFA, EPAS1, HIF1A, CUL2, UBA52, VHL

8 Cellular responses to stress ATM, CDK6, E2F2, EP300, EZH2, GSK3B, HMGA1, HSPAS8, IL6, MDM2, RPS27A, YWHAE, HMGA2,

88 HIST1H4J, HIST1H4E, BAG4, PRDX3, NUPL2, TNRC6B, NUP205, AGO1, TNRC6A, EP400, HIST4H4,

CDK2, NUP50, PHC3, AGO3, MAPK14, ETS2, MTOR, MAPK1, MAPK8, MAPK9, SOD2, VEGFA, E2F1,
GPX8, CDK4, CDKN1A, E2F3, EPAS1, ETS1, HIF1A, MAP2K6, RPA1, RPS6KA3, MAP2K4, SP1,
NUP43, CDC27, HSPA1, MAP2K3, CUL2, CBX4, MAPKAPK2, CBX6, MINK1, CBX2, AGO4, ATP7A,
BMI1, CDKN2A, HSP90AB1, RELA, RPS6KA1, UBA52, HIST1H3H, HIST1H3B, PRDX6, POM121,
SUZ12, CABIN1, TNRC6C, HIST2H3A, HIST2H4B, VHL, HSP90AA1, ERO1A, MAPK3, EHMT2.
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Figure 5. Genes involved in VTE linked pathways targeted by selected miRNA: A. hsa-miR-320a; B. hsa-miR-195-5p; C. hsa-miR-103a-3p; D. hsa-
miR-26a. Pink squares in the centre represent miRNA in each figure, whereas the orange and blue dots represent the genes of relevant pathways,
to which these miRNA are connected with pink lines. Grey lines in each figures shows the genes to which the particular miRNA is not directly

connected.

miRNAs have been found to be up-regulated in VTE/DVT
patients, these genes should be down-regulated in such patients.
Also, when we compared hsa-mir-103a-3p and hsa-mir-26a,
107 genes were found to be commonly regulated and since these
miRNAs have been previously shown to be down-regulated in
VTE/DVT, the genes regulated by these miRNAs should be up-
regulated in VTE patients.

Discussion

The term ‘hemostasis’ refers to maintaining the blood fluidity
under various physiological conditions and sudden stoppage of
blood flow in case of vascular injury to prevent haemorrhage
in addition to inappropriate thrombus formation [38]. The
most important players in maintaining hemostatic balance in
the body are platelets, coagulation factors, fibrinolytic factors

16

and vascular endothelium. The delicate interplay of all these
ensure adequate blood flow. However, several intrinsic or
extrinsic, acquired or genetic factors may lead to disruption
this fine tuning resulting in imbalance of hemostatic system.
This may further lead to hyper-coagulable state (thrombosis)
or hypo-coagulable state (bleeding) [39]. Several studies have
been conducted so far to understand the pathophysiology of
venous thrombosis. Diagnostic marker most commonly used
for DVT diagnosis, D-dimer, is highly sensitive although it
lacks specificity, resulting in false positive results. Thus a large
number of studies are focussing on discovery of alternative
biomarkers for DVT like selectins, micro particles, IL-10 and
other inflammatory markers [40]. With the advances in miRNA
screening technologies, many studies have determined role
of miRNAs in various pathological conditions, particularly
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Figure 6. Venn diagram comparing unique and common target genes between all 4 selected miRNAs, hsa-mir-320a, hsa-mir-195, hsa-mir-103a-3p

and hsa-mir-26a.

cardiovascular diseases [41-43] and cancer [44,45]. MiRNAs
represent a unique epigenetic mechanism that regulates gene
expression in many homoeostatic processes and pathological
conditions within the cells. Also, few recent studies have
conducted an in-silico search and found that some predicted
gene targets encoding for cell adhesion molecules, platelets and
endothelial growth factors which could potentially result in pro-
thrombotic conditions [22,23].

We performed in-silio computational analysis to investigate the
involvement of previously reported miRNAs in VTE prognosis.
Sixteen potential miRNAs were shortlisted for this purpose after
extensive literature search. Interestingly, all included studies
have shown varying miRNA profiles. Only miR-424-5p was
identified in two independent studies [22,23]. Wang et al. showed
up-regulation of miR-424-5p in plasma of DVT/VTE patients
and its levels were significantly related to hypercoagulability
indexes, D-dimer and APC-PCI values. However, our present
in-silico analysis could not replicate link between miR-424-5p
and VTE linked genes.

Recent evidences have revealed that circulating miRNAs,
are important regulatory molecule. Many such regulatory
miRNAs have emerged as a promising class of biomarkers in
many cardiovascular diseases, malignancies as well as VTE.
Thus we selected miRNAs which have been isolated from
peripheral tissues, serum and plasma, and studied further. /n
silico approach is being widely used these days to identify most
important pathways and genes regulated by miRNA signatures.
Knowledge of target mRNAs of a particular miRNA is
imperative to understand the role of particular a miRNA in both
normal cellular processes and pathogenesis. Although VTE is a
multi-factorial disease and has involvement of multiple genes
and pathways, however pathways such as platelet activation and
aggregation, hemostasis, blood coagulation and endothelial gene
function pathways has direct involvement in VTE occurrence
and pathogenesis [46-49]. We found that target genes of 11 out
of sixteen miRNAs hit these VTE linked pathways. Whereas,
none of the gene targets of hsa-miR-10b-5p, hsa-miR-424-5p,
hsa-miR-423-5p, hsa-miR-191-5p and hsa-miR-136-5p were
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included in to blood coagulation pathways. Interestingly, hsa-
miR-26a targets showed 6 genes of blood coagulation pathway,
21 genes of platelet activation and aggregation and 42 genes of
hemostasis pathway, showing its functional relevance in VTE.

Functional annotation of miRNAs selected from pathway
analysis, showed gene enrichment of many GO terms, most
importantly including cell proliferation, response to stress,
programmed cell death, cell division, cellular response to
stimulus, cell signalling, blood vessel development, signal
transduction, apoptotic signalling etc. Since endothelial cells
play a significant role in thrombosis formation and hemostasis
at different sites [49], the genes involved in endothelial cell
proliferation, division, signalling and blood vessel development
might be involved in overall vascular growth and repair and
hence play an important feedback role in thrombosis stimulation.

Network analysis further revealed that four miRNAs viz., hsa-
miR-320a, hsa-miR-199-5p, hsa-miR103a-3p and hsa-miR-
26a-5p have shown maximum connected nodes with platelet
activation and hemostasis genes and thus could be strong
predictors of VTE. These four miRNAs could be critical targets
for understanding VTE pathophysiology and could also be used
as potential therapeutic targets for treatment. Moreover, the
genes commonly targeted by these miRNAs could be playing
an important role in VTE development. Meanwhile, analysis of
miRNA-target genes (Figure 7a and 7b) could enlighten new
insights into the diagnosis and pathogenesis of VTE. Thus, in
the present analysis, we present a comprehensive relationship
between these four circulating miRNAs and VTE. Nevertheless,
this relationship needs an experimental validation. Furthermore,
there are certain inevitable challenges in this area of research
like single miRNA may target hundreds of gene and similarly
a single gene may be targeted by number of miRNAs [50,51].

Conclusion

Conventional biomarkers lack specificity for diagnosis and
prognosis of venous thrombosis. Since current diagnostic
and therapeutic strategies exhibit a poor performance and
surveillance in case of VTE, there is an immediate need of reliable

17



Srivastava/Garg/Ganju

Hsa-mir-320a Hsa-mir-195 - - -
(482) (1091) Comp 3111'?_-” two “1': Common Genes (n=94)
) . regulated miRNAsin
) ‘ VTE

/ AN AN [hsa-mir-320a] and ABHD13, AFF4, AGO2, AK4, AKT2, ARMCX2, AZIN1, BCAP29, CAPRINI,
/ \ \ Mhsa mir-195] CDK6, CELF2, CHEK1, COMMD3-BMI1, COPS2, CPD, CREBRF, CRKL,
DCP1A, DGKB, DNAIB14, EGR2, EMB, EREG, FAMA9B, FAM63B, FAMO1A1,
FBX028, GABPB1, GOLGA1, GOLT1B, HELZ, HOXA10, IPO7, 1GCH, KDSR,
KIDING220, LHFPL2, MAP7, MAPK9, MIER3, MON2, MSANTDA, N4BP1,
388 ~ o MPHP3, NR2C2, ONECUT2, PAN3, PAQOR3, PCDHAL, PCDHALL, PCDHAZ,

PCDHA13, PCDHA2, PCDHA3, PCDHA4, PCDHAS, PCDHAG, PCDHAZ,

PCDHAY, PCDHACT
PCDHACZ, PDCD4, PDE10A, PDIKIL, PIEZO2, PLEKHAS, PLXNC1, RAD21,
RAD23B, RAP1A, RNF138, RNF24, SC0C

SLC10A7, SLCSA3, SLC9AZ, SNX16, SPOPL, STAG2, STRBP, SUPT16H, TAFS,
TMEM255A, TMEMA3, TMTCL, TNRCOB, TTC14, USP12, USP25, YWHAH,
YWHAQ, ZBTB10, ZBTB44, ZDHHC21
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Figure 7b: Venn diagram showing common and unique genes targeted by selected down-regulated miRNAs, hsa-mir-103a-3p and hsa-mir-26a,

along with the list of genes commonly targeted by these two miRNAs.

biomarker and therapeutic target for effective prevention and
treatment of VTE. Recent work on micro RNAs suggest their
important role in regulating complex biological processes and
their dysregulation which can in turn lead to complex diseases
and pathological conditions. Few recent studies have been done
on role of miRNAs in VTE/DVT pathophysiology. Present
in-silico computational analysis was planned to integrate the
current information on miRNA discovery, target identification
and elucidation of their regulatory mechanisms in relation to
VTE. Results of our analysis revealed four miRNAs and their
key target genes that could be associated with VTE and could
prove as potential diagnostic markers and therapeutic targets for
VTE in future. More in-depth and larger sample investigations
in wet lab are needed to explore the diagnostic and therapeutic
values of these miRNAs for VTE/DVT. Limitation: This is an in-
silico study based on available data and online tools for various
analysis. The relevant miRNAs and genes identified in the study
could be logically linked to VTE pathogenesis, however the
data obtained here needs to be experimentally validated.
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