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Abstract
Background: Venous Thrombo-Embolism (VTE) may occur spontaneously upon climbing or prolonged stay at High Altitude (HA). VTE has 

complex multi factorial aetiology including acquired, inherited and environmental risk factors. Various studies show that environmental conditions 
prevailing at HA such as hypoxia, dehydration, hem concentration, use of constrictive clothing and enforced stasis because of severe weather may 
result formation of blood clots thus leading to thrombotic disorders. Early diagnosis of VTE is often difficult which delays treatment resulting in 
sudden deaths. Several recent reports have illustrated the role of differentially expressed micro RNAs (miRNAs) and their potential value in DVT 
susceptibility and diagnosis. Present in-silica analysis, aims to identify miRNAs playing critical role in VTE susceptibility and pathogenesis under 
hypoxic environment at HA.

Methods: Online databases were searched for recent reports that link different miRNAs with VTE and other coagulation disorders. Relevant 
references were handpicked and list of potential miRNAs was prepared. Target gene list for each miRNA was subjected to pathway analysis using 
online bio-informatics tools. We thus identified most potential miRNAs which target genes of critical VTE-linked and hypoxia-linked pathways. 
These selected potential miRNAs were further subjected to network analysis and gene ontology.

Results: We prepared list of 25 miRNAs reportedly linked to VTE. Pathway analysis of target gene list revealed 6 most potential miRNAs linked 
to VTE. On the basis of network analysis and gene ontology of miRNA target genes, we shortlisted 4 most promising miRNAs, hsa-miR-19b, hsa-miR-
20a, hsa-miR-24-3p, hsa-miR-106b that could be involved in VTE susceptibility under hypoxic conditions.

Conclusion: This study provides insights into the causes of higher incidences of VTE occurrence at HA. It provides groundwork for future 
studies concerning VTE susceptibility biomarkers and treatment. Further in-depth exploration in this area is required to establish diagnostic and 
therapeutic values of these miRNA for VTE. 
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Introduction
Thrombo-Embolic Disorders (TED) comprising of both 

venous and arterial thrombosis together results in significant 
morbidity and mortality every year worldwide. It is the third 
leading cause of cardiovascular deaths, surpassed only by 
myocardial infarction and stroke (Heit et al. 2008) Venous 
Thrombo-Embolism (VTE) alone causes large number of deaths 
annually and the toll reaches to approximately 3lac deaths 
annually in US alone (Heit et al. 2008). Regardless of its initial 
cause, major driving factor for VTE is blood flow restriction or 
stasis (Bovill et al. 2011). Frequency of occurrence of Deep Vein 
Thrombosis (DVT) and Pulmonary Embolism (PE) is reportedly 
higher in sojourns travelling to High Altitude (HA) and soldiers 
posted at HA without any other co-existent risk factor (Kumar 
2006; Anand et al. 2001; Khalil et al. 2010;Rathi et al. 2012). HA 
hypoxia is a path physiological condition wherein lesser number 
of oxygen molecules are available for breathing due to lowered 
atmospheric pressure and thus lowered concentration of oxygen 

is supplied to body tissues (Koh and Powis 2012). Hypobaric 
hypoxic environment prevailing at HA leads to increase in the 
viscosity of blood due to increase in pro-coagulatory factors 
(Pichler-Hefti et al. 2010), platelet aggregation, rise in fibrinogen 
levels and polycythemia, which further leads to thrombotic 
state (Vij, 2009). This implies that exposure to HA environment 
further results in hyper coagulable state. Many case reports of HA 
mountaineers suffering from thrombosis and eventually death 
have been documented (Bartsch, 2006).A 30 times higher risk 
of spontaneous VTE has been reported in young male soldiers 
with mean stay of over 10 months at altitudes from 3000 m to 
6500 m (extreme HA) (Anand et al. 2001). However not much 
experimental evidence is available to prove thrombogenicity of 
HA and real time experiments to prove the same are a difficult 
task.

The only established clinical biomarker for DVT today is 
D-dimer test, however it has low specificity (Pulivarthi et al. 
2014). D-dimer is a fibrin degradation product and its estimation 
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is the most widely used method for VTE diagnosis. Although, 
D-dimer assay is highly sensitive, it gives false positive results 
many times. Other imaging modalities available for PE diagnosis 
are expensive, require expertise and are not widely available 
(Khalil et al. 2010), especially at remote areas of HA.VTE therapy 
mainly includes anticoagulant treatment. Unfractionated Heparin 
(UFH) or Low Molecular Weight Heparin (LMWH) and vitamin K 
antagonists are mostly used for the treatment of VTE, with the 
aim to control thrombus formation or embolization and prevent 
recurrent VTE. However this conventional anticoagulation 
treatment has several disadvantages as it requires routine 
monitoring, frequent dose adjustments and has several 
unpredictable responses including excessive bleeding. Over the 
last years, new oral anticoagulant agents have been developed 
such as direct thrombin inhibitors, like dabigatran etexilate and 
direct factor Xa inhibitors like rivaroxaban, apixaban or edoxaban. 
Recently international clinical trials have been conducted for 
the use of Direct Oral Anticoagulants (DOACs) for treating VTE 
and preventing its recurrences, and the results have been very 
promising (Buller et al. 2013, Bauersachs et al. 2010, Agnelli et al. 
2013). These new drugs are closely approaching markets as they 
are administered at fixed daily doses and do not require regular 
monitoring. However, efficacy of DOACs is yet to be demonstrated 
in some specific populations. A large number of research groups 
worldwide are working towards development of new safer 
and effective VTE treatment strategies which are convenient 
in administration and have predictable pharmacokinetics, 
pharmacodynamics that would permit a fixed dosing without 
requirement of regular monitoring.

Circulating endogenous micro RNAs (miRNA), a class of 
non-coding small RNAs that suppress their target genes at post 
transcriptional level (Bartel et al. 2004), could fill this lacunae 
as they have been proved to have potential diagnostic and 
therapeutic value in variety of complex cardiovascular diseases 
(Alessandra et al. 2010; Corsten et al 2010; Meyer et al. 2013). 
MiRNAs serve as key post-transcriptional regulators of gene 
expression and have been shown to play critical roles in key 
cellular processes such as stem cell differentiation, signalling, 
cell cycle control and apoptosis (Noman et al. 2016). Many 
recent studies have demonstrated their critical role in diseases 
like cancer and auto-immune disorders (Kulshrestha et al. 2007, 
Brown 2007, Greco et al. 2016). To assess potential of miRNAs to 
be used as biomarkers in VTE susceptibility and pathogenesis or 
as potential therapeutic agents for its treatment, we conducted an 
in silico study using publicly available web based bioinformatics 
tools. Candidate miRNAs demonstrated in various studies for 
their links with DVT and other vascular disorders were selected. 
We then applied various bio-informatics tools to narrow down 
to four miRNAs as most promising candidates for determining 
VTE susceptibility at HA and as potential targets that could be 
modulated for VTE treatment under hypoxic environment. Also, 
we have enlisted their commonly targeted genes that could 
mediate vascular functions at HA.

Methodology
This study is based on literature review of published data 

and its further in-silico analysis in order to gain insights into 

Table 1: List of various potential miRNAs involved in venous thrombosis and their related factors: Selected from relevant published research articles 

S. No. miRNA References

1 hsa-miR-126-3p/5p Wang et al. 2012, Zametaki et al. 2010, de boer et al. 2013

2 hsa-miR-197 Willeit et al. 2013, Zampetaki et al. 2010, Karolina et al. 2012

3 hsa-miR-21-5p Zampetaki et al. 2012, Cheng et al. 2010, Wang et al. 2014

4 hsa-miR-150 Carino et al. 2016

5 hsa-miR-24-3p Lu-jia-Chen 2017

6 hsa-miR-145 Sahu et al. 2017

7 hsa-miR-29 Hatziapostolou et al. 2011, Fish et al. 2012, Van Roaij 2008

8 hsa-miR-409-3p Fort et al. 2010

9 hsa-miR-18a Teruel et al. 2011

10 hsa-miR-19b Teruel et al. 2011, Zhang et al. 2011,Yu et al. 2013

11 hsa-miR-20a, hsa-miR-106b Teruel et al. 2011

13 hsa-miR-421 Marchand et al. 2012

14 hsa-miR-30, hsa-miR-301 Patel et al. 2011

15 hsa-miR-335 Bao et al. 2017

16 hsa-miR-10b-5p,hsa- miR-320a/b, hsa-miR-424-5p, hsa-
miR-423-5p, hsa-miR-103a-3p,hsa-miR-191-5p, hsa-miR-

301a-3p, hsa-miR-199b-3p 

Starikova et al. 2015

18 hsa-miR-136 Wang et al. 2016

19 hsa-miR-26a Lizi et al. 2017
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Figure 1: Summary of work-flow. 

increased rates of occurrence of VTE at HA. No new patient data 
is presented in this study and hence ethical approval was not 
necessary. A summary of steps involved in the present in-silico 
study are given in figure 1.

Literature search for miRNAs associated with VTE and 
related complications

Data sources and retrieval

Exhaustive web researching was conducted for recent 
research articles published in databases Pub Med, Embase, Web of 
Science etc.. Articles linking various miRNAs directly with venous 
thrombosis and those linking miRNAs with its other associated 
risk factors such as angiogenesis, platelet production, factor X 
inhibition, fibrinogen and tissue factors production, SERPINE1 
inhibition and PAI-1 induction (as detailed in table 1) were 

selected. Based on all the relevant studies that we could collect 
after web researching, a curated list of miRNAs with obvious 
involvement in venous thrombosis aetiology was prepared table 
1.

Target identification

Two different databases; miRDB (Wong et al. 2015) and 
miRDIP (Tokar et al. 2018) were used to identify target genes 
of selected miRNA. miRDB includes 2.1 million predicted 
gene targets regulated by over six thousand miRNAs, whereas 
miRDIP provides nearly 152 million human microRNA-target 
predictions, collected across 30 different resources. The selection 
of target genes were made based on their target prediction 
score. This included both computational predictions as well as 
experimentally validated genes. To further study mechanistic 
insights into the role of miRNAs, target gene list for selected 
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miRNAs were obtained from both the databases. Target gene list 
obtained from each database were compared and overlapping 
genes were removed. The resultant number of target genes for 
each miRNA is enlisted in table 2. We used this target gene lists 
for downstream analysis such as pathway analysis and gene 
ontology. 

Pathway analysis

Target gene list obtained for each miRNA was subjected to 
pathway analysis using Reactome database (https://reactome.
org/PathwayBrowser/) (Croft et al., 2014, Fabregat et al. 2018) 
and Panther pathways (http://pantherdb.org/tools/index.jsp) 
(Mi et al., 2010). Results were compiled for a total of eight selected 
pathways, four pathways most relevant to VTE occurrence (VTE-
linked pathways); (i) blood coagulation, (ii) hemostasis, (iii) 
platelet activation, signalling and aggregation and (iv) endothelin 
signalling and four pathways relevant to hypoxic adaptation of 
an individual (Hypoxia linked pathways); (i) hypoxia response 
via Hif activation, (ii) angiogenesis, (iii) apoptosis and (iv) 
homeostasis. These pathways were chosen as they are directly 
affected during VTE path physiology and during HA hypoxic 
exposure, respectively.

Network analysis

Six miRNAs out of twenty five that were found to regulate 
maximum genes linked to VTE and hypoxia sensitive pathways 
were selected for further analysis. These top six miRNAs were 
subjected to network analysis using web tool miRNet (http://
www.mirnet.ca.). This web tool generated high quality miRNA-
target interaction networks using various databases. In order 
to control the size of the large network while keeping the useful 
information intact, various network filtration criteria were 
applied. These filtering tools were based on topological measures 
such as degree, betweens and shortest path. Shortest path filter 
applied to all nodes except miRNA nodes proved to be the most 
optimum in this case. After applying filters, miRNAs connected 
with maximum nodes were selected from the miRNet networks 
and were again subjected to study of target-gene overlap between 
multiple miRNAs using miR Target Link Human.

Comparison of target genes

Target gene list of selected miRNAs were compared using 

Venn diagram analysis. Venn diagram was generated using 
online tool; http://bioinformatics.psb.ugent.be/webtools/Venn/. 
It showed the number of genes common for all selected miRNAs 
and also number of genes commonly shared amongst rest three 
or two miRNAs.

Functional gene annotation 

The target genes which were common to all the selected 
miRNAs were subjected to functional gene annotation using 
“GO term enrichment” with online tool PANTHER (Huaiyu et al. 
2016). This helped us to identify processes that were significantly 
enriched for each set of genes.

Results
MicroRNAs selected for study

All recent publications available online were thoroughly 
searched and scrutinized for selection of most potential or 
relevant miRNAsfor the present study. Those miRNAs found 
linked to VTE susceptibility directly were chosen along with other 
miRNAs that have been shown to play a role in platelet activation, 
angiogenesis, regulation of endothelial functions, Tissue Factor 
(TF) expression, production and regulation of fibrinogen and 
matrix proteins like collagens, elastin, other coagulation factors 
and cardiovascular diseases. Thus, a total of twenty five miRNAs 
from twenty five different studies were finally selected for further 
in-silico analysis.  Table 1 elaborates the list of selected miRNAs, 
their proven function and the concerning references.

Identification of target genes of significant miRNAs

A single miRNA can potentially regulate several hundred to 
several thousands of transcripts. Several bio-informatics portals 
are available to predict miRNA targets, however they are mostly 
based on sequence similarity and other algorithms such as seed 
match, conservation, free energy, and site accessibility (Peterson 
et al. 2014); all the targets are not experimentally validated.  Thus, 
in order to make our study more robust, we used two different 
online databases to search for miRNA-mRNA interactions. These 
were miRDB and miRDIP. The target genes thus obtained were 
selected based on their target prediction score. After removing 
the duplicate and unknown genes from each list, the number of 
genes targeted by each selected miRNA was found to be highly 
variable table 2.

Table 2: List of selected miRNAs and the number of their target genes: Target genes list has been prepared based on two online available target 
prediction tools. Number of overlapping genes obtained from different databases has been subtracted from the final number.

S. no. MicroRNA Number of gene targets

1 hsa-miR-126-3p/5p 782

2 hsa-miR-197 3997

3 hsa-miR-21-5p 956

4 hsa-miR-150 1245

5 hsa-miR-24-3p 1529

6 hsa-miR-145-5p 1124

7 hsa-miR-29a 1508
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8 hsa-miR-409-3p 887

9 hsa-miR-18a 1005

10 hsa-miR-19b 2022

11 hsa-miR-20a 5117

12 hsa-miR-106b 2163

13 hsa-miR-421 1215

14 hsa-miR-30c-5p 1836

15 hsa-miR-301a-3p 1729

16 hsa-miR-335-5p 1024

17 hsa-miR-10b-5p 575

18 hsa-miR-320a/b 1817

19 hsa-miR-424-5p 2599

20 hsa-miR-423-5p 816

21 hsa-miR-103a-3p 2070

22 hsa-miR-191-5p 976

23 hsa-mir-199b-3p 1807

24 hsa-miR-136 3027

25 hsa-miR-26a 1485

Pathway analysis

Different micro RNAs from our data set recognized several 
gene targets. The target list obtained for each miRNA was 
subjected to pathway enrichment analysis using PANTHER 
pathways and Reactome pathway database. Although pathway 
enrichment analysis enlisted large number of pathways regulated 
by target genes of each miRNA, we focused ourselves to the 
pathways governing cascade of events in venous thrombosis 
and hypoxia. Our study included four key pathways involved 
in venous thrombosis such as blood coagulation, hemostasis, 
platelet function and endothelia signalling. Similarly, four 
pathways indicative of hypoxic stress were included namely, 
hypoxia response via Hif activation, angiogenesis, apoptosis and 
homeostasis. The number of target genes hitting these pathways 
from each miRNA target gene list, was extracted and has been 
represented in table 3. Six out of twenty five miRNAs (shaded 
in dark grey); hsa-miR-197, hsa-miR-24, hsa-miR-19b, hsa-miR-
20a, hsa-miR-106b and hsa-miR-136 were shown to mediate 
larger number of genes involved in both VTE linked pathways and 
hypoxia-linked pathways. This converged our focus to these six 
miRNAs instead of twenty five, for further analysis. Also, notably 
there were four miRNAs (shaded in light grey); hsa-miR-29a, 
hsa-miR-320a, hsa-miR-424 and hsa-miR-103a, which did not hit 
more than three genes of blood coagulation pathway, however 
were largely mediating genes of other VTE linked and hypoxia 
linked pathways. Two miRNAs; hsa-miR-30c and hsa-miR-199b 
were ranking high in mediating pathways linked to VTE but not 
of hypoxia and similarly, two miRNAs; hsa-miR-150 and hsa-miR-
26a ranked high in genes mediating pathways linked to hypoxic 
response not that of VTE.

Network analysis

Our next target was to study the molecular interactions of top 
six selected miRNAs with their target genes. This was done using 
online application miRNet (Fan et al. 2018, Fan et al. 2016). All 
the six miRNAs were taken together which generated large and 
complex regulatory network as shown in 2(a). Detailed study of 
the network properties was done such as between’s centrality for 
the network, which measured the number of shortest paths going 
through the node taking into consideration the global network 
structure. All miRNAs in the network showed varying degree and 
between’s centrality amongst them. When shortest path filter was 
applied to all network nodes except miRNA nodes, four miRNAs; 
hsa-miR-20a-5p, hsa-miR-106-5p, hsa-miR-19b-3p and hsa-miR-
24-3p; were found to be at the centre of the network, showing 
maximum connected nodes (figure 2(a) & 2(b)).

Another interaction network of these four selected miRNAs 
was generated using another web based application miR Target 
Link (as shown in figure 3), which generated the set of genes 
overlapping amongst these four miRNAs. The colour of the genes 
in the image thus generated indicates the amount of interactions 
they are involved in. Genes that are targeted by two micro RNAs 
are coloured blue; strong interactions are marked by green figure 
3.

Comparison of target gene list of selected miRNAs

In order to identify the overlapping gene entities amongst 
the four shortlisted miRNAs in a comprehensive manner, we 
compared the entire target gene list of these four miRNAs and 
generated Venn diagram. It showed 135 genes as common targets 
for all the four miRNAs. 76 gene targets were common for three 
miRNAs except for hsa-miR-106b; 501 genes were also common 
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Figure 2: Network analysis (a) Gene regulatory network of six miRNAs selected after pathway analysis. 4 miRNAs; hsa-miR-19b, hsa-miR-20a, hsa-
miR-106b and hsa-miR-24 showed highly dense connected nodes. 
(b) Gene regulatory network after applying shortest path filter to all 6 miRNAs. 4 miRNAs, hsa-miR-19b, hsa-miR-20a, hsa-miR-106b and hsa-miR-24 
were placed in the centre of the network showing highest connected nodes. Squares marked in blue in both the networks represent miRNAs whereas 
the orange dots represent the genes. Fine lines show the connections between the miRNAs and the genes. 

Figure 3: miRNA-mRNA Interaction network of top four selected miRNAs: Each miRNA (placed in brown boxes) common target genes (placed in blue 
boxes) and the connections amongst them are shown by blue lines. Genes that are targeted by two micro RNAs are coloured blue, strong interactions 
are marked by green.
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to all except hsa-miR-24. Also, there were a large number of 
unique gene elements for each miRNA; 2444 for hsa-miR-20a; 
727 for hsa-miR-24; 766 for hsa-miR-19b and 157 for hsa-miR-
106b. The results have been summarized in figure 4. 

Functional annotation (Gene ontology)

Gene Ontology (GO) function assigns Biological Processes 
(BP), Cellular Components (CC) and Molecular Function (MF). 
GO enrichment was done using online application of PANTHER 

classification system. This functional annotation of miRNA target 
genes categorized them into biological processes, molecular 
function and cellular component genes. Amongst top terms 
of biological processes included those belonging to biological 
regulation, response to stimulus, biological adhesion and 
signalling. Meanwhile cell component terms were enriched 
mainly in cell, organelle, membrane and protein-containing 
complex. Terms included in molecular function were primarily 
involved in binding, catalytic activity and transcription regulator 
activity figure 5.

Figure 4: Venn diagram showing unique and common number of genes amongst four shortlisted miRNAs after comparison of their target gene list

Figure 5: Gene Enrichment analysis: Classification of common target genes from all miRNAs (135) into (1) Biological processes, (2) Cellular compo-
nent and (3) Molecular functions.



Page 8 of 11Citation: Swati S, Iti G, Bhuvnesh Kumar (2019) An In-Silico Argument for MicroRNAs Showing Pivotal Role in Susceptibility towards 
High Altitude Induced Venous Thrombo-Embolism (HA-VTE). Int J Gen Sci 6(1): 1-11. 

An In-Silico Argument for MicroRNAs Showing Pivotal Role in Susceptibility 
towards High Altitude Induced Venous Thrombo-Embolism (HA-VTE)

Copyright: 
© 2019 Swati S, et al.

Discussion
Sojourners visiting high altitude face extreme weather 

conditions including cold and dry winds, intense solar radiations 
and inevitable hypobaric hypoxia. People staying at altitudes are 
prone to several HA induced maladies such as Acute Mountain 
Sickness (AMS), High Altitude Pulmonary Edema (HAPE), High 
Altitude Cerebral Edema (HACE), sleeplessness and other chronic 
diseases. A person travelling to HA needs to acclimatize by changes 
in gene expression in order to minimize the effect of hypoxemia 
and maintain cellular functions. Despite extensive research on 
high-altitude adaptations at physiological and genomic levels 
however a very few have focussed on role of miRNAs in high 
altitude adaptation. Genetic basis of adaptation of an individual 
to HA hypoxic environment remains to be completely elucidated.

Venous thrombosis is one of the leading causes of deaths 
worldwide. DVT and PE are major causes of mortality and 
morbidity and hence are significant health concerns. Apart 
from clinical risk factors, there are several genetic/inherited 
and acquired risk factors playing an important role in VTE 
predisposition (Souto et al. 2000; Ariens et al. 2002; Zoller et al. 
2013). Numerous studies have associated genetic variations in 
number of genes with VTE etiology however exact genetic and 
epigenetic mechanisms underlying the disease remains to be 
fully elucidated (Morange et al. 2015). Thrombotic events have 
been recorded in Himalayan trekkers more than three decades 
ago (Dickinson et al. 1983). Thereafter some case reports from 
high altitude climbers and Himalayan mountaineers have been 
documented (Cheng et al. 2009, Trogovicky et al. 2005). Other 
haematological studies have focussed on high altitude induced 
thrombosis in military personnel (Anand et al. 2005, Nair et al. 
2006). It has been well established that various physical and 
environmental challenges of high altitude including hypoxia, 
extremely low temperature (Nagelkirk et al. 2012) and 
enforced inactivity might result in circulatory stasis and other 
haematological changes such as hypercoagulability leading to 
thrombosis. However, there are many contradictory reports 

which do not support the idea that HA exposure contributes to 
prothrombotic milieu (Toff et al. 2006). 

Unlike the previous belief that miRNAs modulate gene 
expression only by repressing the target mRNA, interestingly 
some published reports indicate that miRNAs might oscillate 
between gene repression as well as stimulation in response 
to varying cellular conditions and cofactors (Vasudevan et 
al. 2012). Considering the key functions of miRNAs in gene 
regulation, they are considered as promising future therapeutic 
targets for various disorders (Li et al. 2010, Rupaimoole et al. 
2011). This potential of miRNAs have been widely explored and 
demonstrated in several studies in the last decade. We performed 
in-silico computational analysis to evaluate the role of previously 
reported miRNAs in HA induced VTE prognosis. In the present 
study a total of 25miRNAs were selected after extensive review 
of published data. These miRNAs have been shown to be involved 
in various physiological and biochemical mechanisms such as 
angiogenesis, platelet activation, platelet production, Tissue 
Factor (TF) expression and modulation, fibrinogen and collagen 
production, anti-thrombin production, inhibition of SERPINE1, 
induction/inhibition of Plasminogen Activator Inhibitor-1 (PAI-
1),  NFKB signalling and showed differential expression during 
VTE/DVT. When target genes of each of these miRNAs were 
subjected to pathway analysis, it revealed that six out of twenty 
five miRNAs were enriched in both VTE-related pathways 
(blood coagulation, hemostasis, platelet function and endothelia 
signalling) as well as hypoxia-related (hypoxia response via Hif 
activation, angiogenesis, apoptosis and homeostasis) pathways. 
These miRNAs were hsa-miR-197, hsa-miR-24, hsa-miR-19b, hsa-
miR-20a, hsa-miR-106b and hsa-miR-136 table 3. However later 
when these six miRNAs were subjected to network analysis four 
out of them miR-20a, hsa-miR-106, hsa-miR-19b and hsa-miR-24 
were observed to occupy central position in the network and 
were found connected to maximum nodes. This indicated that 
these miRNAs could be playing an important role in high altitude 
induced VTE patho physiology.

Table 3: Pathway analysis of target genes list of all selected miRNAs: Results of only 8 pathways have been presented here, 4 VTE-linked pathways and 
4 hypoxia-linked pathways

S. No. MicroRNAs

Total genes Hit in Relevant Pathways

Pathways relevant to VTE Pathways relevant to Hypoxia

Blood 
coagulation

Hemostasis

Platelet 
activation/ 

signaling and 
aggregation

Endothelin 
signaling 
pathway

Hypoxia 
response 

via HIF 
activation

Angiogenesis Apoptosis Homeostasis

1 hsa-miR-126-3p/5p 3 35 17 8 3 19 9 1

2 hsa-miR-197 9 162 79 31 9 49 46 11

3 hsa-miR-21-5p 3 33 17 6 4 19 10 6

4 hsa-miR-150 3 58 21 13 9 26 14 5

5 hsa-miR-24-3p 8 63 28 13 3 28 17 10

6 hsa-miR-145-5p 0 48 17 9 3 25 9 9

7 hsa-miR-29a 1 75 35 10 10 33 20 10
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Second priority list of miRNAs included hsa-miR-29a, hsa-
miR-320a, hsa-miR-424 and hsa-miR-103a table 3. These miRNAs 
also target large number of genes of VTE related pathways 
(except blood coagulation pathway directly) and hypoxia-related 
pathways. Interestingly, in one of our previous publications on 
circulating miRNAs in relation to venous thrombosis (Srivastava 
et al. 2018) also indicated significance of hsa-miR-320 and hsa-
miR-103 in VTE patho physiology.

Present in-silico analysis gives a panel of four miRNAs; miR-
20a, hsa-miR-106, hsa-miR-19b and hsa-miR-24, which have 
been validated for their role in pathogenesis of VTE previously 
table 1, and we now suggest that they could be playing a crucial 
role in HA induced VTE as well. We also used Venn diagram to 
identify the common target genes amongst the four top listed 
miRNAs figure 4. One hundred thirty five genes were found to be 
commonly targeted by all four miRNAs. These genes are listed in 
figure 4. Ontological analysis of these genes revealed that they 
belonged to various biological processes including response to 
stimulus, adhesion and signalling.

The data presented in the present study is the first step in 
identifying miRNAs that having significant role in HA-VTE patho 
physiology. Furthermore, extensive computational study and 
experimental validation of four miRNAs shortlisted here may be 
carried out for better understanding the mechanism of miRNA 
based gene regulation during VTE. In future, these miRNAs may 
also prove to have therapeutic relevance for VTE treatment.

Conclusion

As global popularity to visit high altitude areas continue 
to increase it is much more needed to spread awareness about 
HA induced maladies and their early recognition symptoms, 

8 hsa-miR-409-3p 4 37 14 7 5 15 8 4

9 hsa-miR-18a 3 53 12 11 6 21 8 2

10 hsa-miR-19b 7 89 38 26 7 37 27 8

11 hsa-miR-20a 10 211 95 30 18 70 49 22

12 hsa-miR-106b 6 96 43 11 8 35 25 11

13 hsa-miR-421 2 52 19 7 4 18 11 8

14 hsa-miR-30c-5p 3 89 37 10 3 30 18 8

15 hsa-miR-301a-3p 3 66 27 14 5 33 25 9

16 hsa-miR-335-5p 3 46 21 8 5 18 9 9

17 hsa-miR-10b-5p 2 16 7 2 4 9 10 3

18 hsa-miR-320a/b 3 71 30 11 7 29 16 6

19 hsa-miR-424-5p 3 110 47 23 13 54 24 17

20 hsa-miR-423-5p 2 46 22 9 3 13 3 4

21 hsa-miR-103a-3p 2 93 31 14 7 35 17 17

22 hsa-miR-191-5p 3 43 15 6 3 17 6 8

23 hsa-mir-199b-3p 4 93 55 20 6 35 25 10

24 hsa-miR-136 6 128 53 22 9 40 34 13

25 hsa-miR-26a 2 55 6 12 7 19 15 6

preventive measures and appropriate therapy to minimize 
morbidity and mortality. The excitement of miRNA based 
research and their potential clinical application is building up in 
today’s world. Our present in-silico study provides novel insights 
into path physiology of high altitude induced venous thrombosis. 
We have identified condensed panel of four miRNAs and their 
commonly targeted genes that could be playing a crucial role 
in determining the etiology of high altitude induced venous 
thrombo-embolism. These miRNAs can be exploited in future 
for therapeutic applications for treatment of HA-VTE. However, 
further validation is required to establish the significance of 
these miRNAs in HA induced VTE pathogenesis and elucidate its 
mechanism completely.
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