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Abstract: The aim of this study was to identify differentially expressed lncRNAs in endothelial progenitor cells (EPCs) 
derived from the peripheral blood of deep vein thrombosis (DVT) patients compared with healthy controls. First, 
EPCs were obtained from DVT patients and healthy controls. Then, LncRNA gene expression profile analysis was per-
formed by microarray. Bioinformatic analyses (gene ontology, pathway and network analysis) were applied. Finally, 
qRT-PCR analysis was performed to validate the results of microarray in EPCs derived from 21 DVT patients and nine 
healthy subjects. We found 275 lncRNA and 363 mRNAs that were abnormally expressed in EPCs derived from DVT 
patients (fold change ≥2.0, P<0.05 and FDR<0.05) with the genome-wide lncRNAs and mRNAs expression profile 
analysis. We also found that TCONS_00013536, ENST00000577218, ENST00000511042 and TCONS_00013917 
were up-regulated, whereas ENST00000544704 was down-regulated. Expression of these five lncRNAs was signifi-
cantly correlated to their nearby coding genes. Together, our results indicated that the lncRNA expression profile 
in EPCs from DVT patients was dramatically changed compared with healthy controls, and we identified a series of 
novel DVT-related lncRNAs which will provide important insights about the lncRNAs in DVT pathogenesis and may 
provide a new diagnosis way for DVT.
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Introduction

Deep venous thrombosis (DVT) is a common 
peripheral vascular disease with an incidence 
of about 1.0 person per 1,000 population per 
year [1], and a major cause of morbidity and 
mortality in various medical conditions. DVT 
may also lead to abnormal swelling and ulcer-
ation of lower limbs, post-thrombotic syndrome 
or even pulmonary embolism, which could 
result in an over 15% death rate in the first 3 
months after diagnosis [2]. Anticoagulation 
therapy is currently the standard method for 
treatment of DVT. However, failure to remove 
existing thrombus and risk of pulmonary embo-
lism hinder the use of the therapy [3]. Because 
of the lack of efficient therapy in DVT treat-
ment, research to improve our understanding 
of the biology of DVT is urgently needed and 
novel strategies are required to identify targets 

for therapy and improve early detection of the 
disease.

Endothelial progenitor cells (EPCs) are derived 
from bone marrow and circulate in the periph-
eral blood, and have the capacity to differenti-
ate into mature endothelial cells [4]. EPCs are 
considered as a biomarker of cardiovascular 
disease, as well as a potential regenerative 
medicine [5-7]. Previous studies have demon-
strated that circulating EPCs have the potential 
to promote thrombus resolution as well as 
endothelial regeneration, revascularization and 
angiogenesis in animal models of intravenous 
thrombosis [4]. One study found that EPCs were 
increased at 24 h after DVT induction and 
peaked at 48 h thereafter [8]. Modarai et al. 
also found that EPCs were recruited into resolv-
ing venous thrombi and played a role in orches-
trating thrombus recanalization [9]. In our previ-
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ous studies, we also found that EPCs, as a 
promising therapeutic choice for DVT, played 
an important role in the process of venous 
thrombosis resolution [4, 10, 11]. This may 
open a new way for possible clinical translation 
and targeted cellular therapy for DVT [4].

Long noncoding RNAs (lncRNAs), a class of RNA 
molecules longer than 200 nucleotides, play 
critical roles in a series of biological processes, 
including genetic imprinting, immune response, 
tumorigenesis, cellular development and 
metabolism through comprehensive mecha-
nisms [12-14]. Besides, LncRNAs also play criti-
cal roles in a variety of human diseases, such 
as cancer, neurodegeneration disease and car-
diovascular disease [15-18]. Deregulation of 
lncRNAs has been demonstrated to be associ-
ated with angiogenesis, such as Tie1 antisense 
lncRNA, SENCR, and lncRNA MALAT1 [19-21]. 
Tie1 antisense lncRNA controls endothelial cell 
homeostasis and junction contacts in vivo, and 
was increased in patients with vascular anoma-
lies, indicating therapeutic potential [19]. Des- 

Suzhou, China. The DVT patients were con-
firmed by Color Doppler Ultrasound and lower 
extremity angiography and did not have a his-
tory of hypertension, diabetes mellitus and 
other chronic diseases. Patients and healthy 
controls were matched by age, gender and 
other risk factors (Table 1). The protocols were 
approved by the Institutional Review Board of 
the Second Affiliated Hospital of Soochow 
University and written informed consent was 
obtained from each participant.

Isolation and identification of EPCs

EPCs were isolated and characterized accord-
ing to previous methods [22-24]. Peripheral 
blood mononuclear cells (PBMCs) were isolated 
using Ficoll-Isopaque Plus (Histopaque-1077; 
Sigma, MO, USA) gradient centrifugation meth-
od. PBMCs were seeded onto a fibronectin- 
coated cell culture flask, cultured in endothelial 
basal medium-2 (EBM-2; Lonza, MD, USA) sup-
plemented with 20% fetal bovine serum (FBS), 
vascular endothelial growth factor (VEGF; R&D 

Table 1. Clinical characteristics of the patients
Patients Normal

P-value
DVT1 DVT2 DVT3 N1 N2 N3

Age (years) 29 47 35 28 30 28 0.193
Gender Male Female Female Female Male Female 1.000
BMI 22 20 21 19 22 21 0.768
Thrombosis history No No No No No No 1.000
Immobility No No Yes No No No 1.000
Trauma No No Yes No No No 1.000
BMI: Body Mass Index.

Table 2. Primers used in qRT-PCR

Gene Name Primer sequence Tm 
(°C)

Product 
length (bp)

ENST00000544704 F: 5’CAAATCTGTGACAATGCCCC3’
R: 5’GTTATGACTCAAGCGAAAATGG3’

60 72

TCONS_00013536 F: 5’TGAGCACACCATTGGAGAACCT3’
R: 5’TTTGGGATTGGAGGGAGAGG3’

60 87

ENST00000577218 F: 5’CCGCCTCTAGTCCTCACAC3’
R: 5’CGGAATGAATGGATGGTCT3’

60 235

ENST00000511042 F: 5’GCTGGATGTATGAACCCTGCT3’
R: 5’TCCTGCTGGACTCTCGTGT3’

60 64

TCONS_00013917 F: 5’ATCCACCGAAGGTTTGAGG3’
R: 5’GGGAGACGGGACTATATCCAG3’

60 98

GAPDH F: 5’ACGGTGGTGGAGGAGCTCTT3’
R: 5’GCCGGTTCAGGTACTCAGTCAT3’

60 157

F: Forward primer; R: Reverse primer.

pite these exciting deve- 
lopments, many more 
lncRNAs that play crucial 
roles in EPCs of DVT 
patients remain to be 
clarified.

LncRNAs expression pro-
files may help provide 
important insights into 
pathogenesis and a pos-
sible diagnostic strategy 
for DVT. Thus, in this 
study we examined lnc- 
RNAs and mRNAs that 
were differentially expre- 
ssed in EPCs from DVT 
patients and healthy con- 
trols. 

Materials and methods

Subjects 

From January 2014 to 
January 2015, eighty mil-
liliter of peripheral blood 
were collected from DVT 
patients (n = 3) and con-
trol subjects (n = 3) at the 
Second Affiliated Hospi- 
tal of Soochow University, 
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Systems, MN, USA), human recombinant long 
insulin-like growth factor-1 (R3-IGF), ascorbic 
acid, and hydrocortisone and maintained at 
37°C, 5% CO2. EPCs were characterized by con-
focal microscopy and flow cytometry. The cells 
were incubated with agglutinin 1 (FITC-UEA-1; 
Sigma Deisenhofen, Germany) and 1, 19- 
dioctadecyl-3, 3,3939-tetramethylindocar-bo- 
cyanine perchlorate (DiI)-labeled acetylated 
low density lipoprotein (Dil-Ac-LDL) as described 
previously [25]. Incorporation of DiI-Ac-LDL and 
binding of FITCUEA-1 were detected under a 
confocal microscope (Leica Microsystems 
GmbH, Germany). Cells with double positive 
staining of DiI-Ac-LDL and UEA-1 were identi-
fied as EPCs. EPCs were analyzed for surface 
expression of CD14, CD34, CD45, CD133 and 
VEGFR-2. Antibodies CD34, CD133 and VEGFR-
2 were purchased from Miltenyi Biotec, 
Bergisch, Germany; CD14 and CD45 were pur-
chased from BD Biosciences Pharmingen, CA, 
USA. The second passage of EPCs was used.

RNA extraction

Total RNA exaction was performed using TRIzol 
reagent (Life Technology, USA) according to the 
manufacturer’s instructions. The quantity and 
quality of RNA were verified by a Nano Drop 
ND-1000 spectrophotometer. RNA integrity 
and genomic DNA contamination was exam-
ined by denatured agarose gel electropho- 
resis. 

Microarray analysis and computational analy-
sis

Sample preparation and microarray hybridiza-
tion were performed by Kangchen Bio-tech, 
Shanghai P. R. China. The methods were similar 
to previous reports [14]. Briefly, RNA was puri-
fied from 1 μg total RNA after removal of rRNA 
(mRNA-ONLY Eukaryotic mRNA Isolation Kit, 
Epicentre). Each sample was amplified and 
transcribed into fluorescent cRNA along the 
entire length of the transcripts without 3’ bias 
using a random priming method. The labeled 
cRNAs were hybridized onto the Human LncRNA 
Array v3.0 (Arraystar). After the slides were 
washed, the arrays were scanned by the Agilent 
Scanner G2505C. Agilent Feature Extraction 
software (version 11.0.1.1) was used to ana-
lyze acquired array images. Quantile normaliza-
tion and subsequent data processing were car-
ried out using the GeneSpring GX v12.1 soft-

ware package (Agilent Technologies). Differ- 
entially expressed lncRNAs and mRNAs were 
identified through fold change filtering (Fold 
Change ≥2.0 or ≤0.5), paired t-test (P<0.05) 
and multiple hypothesis testing (FDR<0.05). P 
values and FDR were calculated by Microsoft 
Excel and MATLAB respectively. Pathway analy-
sis and GO analysis were used to determine the 
roles of these differentially expressed mRNAs 
in these biological pathways or GO terms. R 
programme with Top GO package [26] was used 
to analyze the enrichment of differentially regu-
lated mRNAs. We also used the KEGG (Kyoto 
Encyclopedia of Genes and Genomes) data-
base (http://www.genome.ad.jp/kegg/) to ana-
lyze the potential functions of these target 
genes in the pathways [27, 28].

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) validation and statistical analy-
sis

To validate the results of microarray analysis, 
other EPCs samples from 21 DVT patients and 
nine control subjects were obtained. Total RNA 
was reverse-transcribed using I SuperScriptTM 
III Reverse Transcriptase according to the man-
ufacturer’s protocol. Real-time PCR was per-
formed with SYBR Premix Ex Taq (TaKaRa) on 
ABI7500 Real-time PCR System according to 
the manufacturer’s protocol. PCR primers are 
listed in Table 2. The relative fold change was 
calculated using the 2-ΔΔCt method normalized 
to GAPDH. Differences of lncRNAs between 
patients and normal were analyzed using 
paired t-test. A P value <0.05 was considered 
as statistically significant.

Results

EPCs characterization

First, EPCs were identified by morphology, fluo-
rescence double-staining and flow cytometry. 
The flow cytometry analysis results (Figure 1A) 
matched with the previously described EPC 
phenotype [23, 29]. Most adherent cells were 
double stained by DiI-AcLDL and FITC-UEA-I 
(Figure 1B). These results were consistent with 
the characterization of late-outgrowth EPCs.

Expression profile of lncRNAs and mRNAs in 
EPCs from DVT patients

To identify differentially expressed lncRNAs 
and mRNAs in EPCs from DVT patients com-
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pared with controls, we performed microarray 
analysis and identified 30,586 differentially 
expressed lncRNAs and 26,109 mRNAs. After 
expression level normalization, we calculated 
the fold-change (DVT vs. control) and p value.  
A total of 275 lncRNAs and 363 mRNAs we- 
re confirmed as significantly differentially 
expressed in EPCs from DVT patients com-
pared with EPCs from control subjects (fold 
change ≥2.0 or ≤0.5, P<0.05 and FDR<0.05). 
Among these, 83 lncRNAs and 127 mRNAs 
were consistently up-regulated in all DVT 
groups, and 192 lncRNAs and 236 mRNAs 
were consistently down-regulated. The number 
of deregulated lncRNAs and mRNAs varied  
in different patients. The differentially expres-

sion of these lncRNAs suggest that they may 
play important roles in the regulation of the 
function of EPCs during the development of 
DVT. 

We used hierarchical clustering analysis to 
arrange samples into groups based on their 
expression levels, which allowed us to hypoth-
esize on the relationships among samples 
(Figure 2). The resulting dendrogram shows the 
relationships between the lncRNA and mRNA 
expression patterns between samples.

LncRNA classification and subgroup analysis

LncRNAs are classified into different sub-
groups, such as antisense lncRNAs, lncRNAs 

Figure 1. Characterization of EPCs. A: Flow cytometry analysis of EPCs. Cells were labeled with antibodies to CD45, 
CD14, CD133, CD34 and VEGFR2. Histograms represent cell number (Y-axis) versus fluorescence intensity (X-axis, 
log scale). Cells (10,000) were acquired and gates were set on living cells. B: Dil-Ac-LDL uptake and FITC-UEA-I bind-
ing of isolated EPCs were determined by fluorescence microscopy.
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with enhancer-like functions and large intergen-
ic noncoding RNAs [14]. To further investigate 
potential functions of these DVT-associated 
lncRNAs, lncRNA classification and subgroup 
analysis was performed.

Natural antisense lncRNA transcripts are  
RNA molecules that are transcribed from the 
opposite DNA strand and overlap in part with 

sense RNA, and can exert regulatory effects on 
the sense RNA through epigenetic mecha-
nisms. The profiling data indicated that five 
such lncRNAs were dysregulated in DVT 
samples. 

Using the GENCODE annotation [30] of the 
human genome, Orom et al. defined a set of 
lncRNAs with enhancer-like functions in human 

Figure 2. Comparison of the expression profiles of lncRNAs and mRNAs in EPCs between the DVT group and the 
paired healthy control group. (A) Differentially expressed lncRNAs and (B) differentially expressed mRNAs were 
analyzed using hierarchical clustering. “Red” indicates high relative expression, and “green” indicates low relative 
expression. (C, D) The scatter plot is a visualization method used for assessing the lncRNA (C) and mRNA (D) expres-
sion variations between DVT and control samples. The values of the X and Y axes in the scatter plot are the averaged 
normalized signal values of the group (log2 scale). The green lines are 2 fold change lines.
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cell lines [31]. The profiling data showed that 
four such lncRNAs were differentially expressed 
in our DVT samples.

According to previous report [32], we also 
selected lncRNAs and nearby mRNAs to per-
form the analyses. The profiling data indicated 

enriched among the downregulated transcri- 
pts. Among them, leukocyte transendothelial 
migration and cytosolic DNA-sensing pathway 
were the most enriched networks (Figure 4).  
Of note, pathways associated with migration 
may play important roles in EPCs homing to 
thrombi.

Figure 3. Gene ontology (GO) enrichment analysis for differentially expressed 
mRNAs. A: GO analysis of mRNAs according to biological process. B: GO anal-
ysis of mRNAs according to cellular component. C: GO analysis of mRNAs 
according to molecular function.

that five such lncRNAs were 
dysregulated in EPCs from 
DVT samples, and these were 
located in nearby aberrantly 
expressed coding genes. 

Bioinformatic analysis of 
mRNA expression in DVT

Our results identified a total 
of 363 mRNAs that were dif-
ferentially expressed in DVT 
patients. Using R program-
ming and top GO package 
[26], we analyzed the enrich-
ment of these 363 differen-
tially regulated mRNAs. The 
most significant functional 
groups consisted of cell adhe-
sion, cell differentiation and 
the regulation of developmen-
tal processes (Figure 3). The 
most significant molecular 
function included enzyme ac- 
tivator activity, VEGF recep- 
tor binding, platelet-derived 
growth factor binding and 
other growth factor receptor 
binding. These changes may 
contribute to EPCs homing 
and migrating into thrombi 
and differentiating into ma- 
ture endothelial cells.

Pathway analysis

Significant pathways of differ-
ential genes were compared 
with the KEGG database to 
further identify target mRNAs 
among the 3,278 identified 
genes. Through the pathway 
analysis, we identified 14 
pathways that were signifi-
cantly enriched among the 
upregulated transcripts (Ta- 
ble 3) and 30 pathways (Ta- 
ble 4) that were significantly 
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Table 3. The 14 pathways that corresponded to up-regulated transcripts
Pathway ID Definition Fisher-P value FDR Enrichment score
hsa04670 Leukocyte transendothelial migration-Homo sapiens (human) 0.004721208 0.4491231 2.325947

hsa00512 Mucin type O-Glycan biosynthesis-Homo sapiens (human) 0.007848341 0.4491231 2.105222

hsa05160 Hepatitis C-Homo sapiens (human) 0.00838558 0.4491231 2.076467

hsa05162 Measles-Homo sapiens (human) 0.008686624 0.4491231 2.061149

hsa05164 Influenza A-Homo sapiens (human) 0.009043315 0.4491231 2.043672

hsa05202 Transcriptional misregulation in cancer-Homo sapiens (human) 0.009589817 0.4491231 2.01819

hsa05168 Herpes simplex infection-Homo sapiens (human) 0.01169454 0.4694521 1.932017

hsa05412 Arrhythmogenic right ventricular cardiomyopathy (ARVC)-Homo sapiens (human) 0.01668933 0.5862126 1.777561

hsa00983 Drug metabolism-other enzymes-Homo sapiens (human) 0.02297849 0.7174396 1.638678

hsa04640 Hematopoietic cell lineage-Homo sapiens (human) 0.02941917 0.7687683 1.53137

hsa04380 Osteoclast differentiation-Homo sapiens (human) 0.03009413 0.7687683 1.521518

hsa04514 Cell adhesion molecules (CAMs)-Homo sapiens (human) 0.04366333 0.9110974 1.359883

hsa05161 Hepatitis B-Homo sapiens (human) 0.04475318 0.9110974 1.349176

hsa05416 Viral myocarditis-Homo sapiens (human) 0.04539275 0.9110974 1.343013

Table 4. The 30 pathways that corresponded to down-regulated transcripts
Pathway
ID Definition Fisher

P value FDR Enrichment
score

hsa04623 Cytosolic DNA-sensing pathway-Homo sapiens (human) 0.00263103 0.3459388 2.579874

hsa03440 Homologous recombination-Homo sapiens (human) 0.003006624 0.3459388 2.521921

hsa04961 Endocrine and other factor-regulated calcium reabsorption-Homo sapiens (human) 0.003782637 0.3459388 2.422205

hsa04978 Mineral absorption-Homo sapiens (human) 0.004924395 0.3459388 2.307647

hsa00240 Pyrimidine metabolism-Homo sapiens (human) 0.007990745 0.3916327 2.097413

hsa04640 Hematopoietic cell lineage-Homo sapiens (human) 0.01240606 0.3916327 1.906366

hsa05215 Prostate cancer-Homo sapiens (human) 0.01306934 0.3916327 1.883746

hsa03430 Mismatch repair-Homo sapiens (human) 0.01323153 0.3916327 1.87839

hsa04510 Focal adhesion-Homo sapiens (human) 0.01472141 0.3916327 1.832051

hsa04919 Thyroid hormone signaling pathway-Homo sapiens (human) 0.01528542 0.3916327 1.815723

hsa04720 Long-term potentiation-Homo sapiens (human) 0.01533082 0.3916327 1.814435

hsa05034 Alcoholism-Homo sapiens (human) 0.0170253 0.3986758 1.768905

hsa05218 Melanoma-Homo sapiens (human) 0.01928739 0.4169044 1.714726

hsa04916 Melanogenesis-Homo sapiens (human) 0.02305891 0.4552372 1.637161

hsa00230 Purine metabolism-Homo sapiens (human) 0.03373287 0.4552372 1.471947

hsa04621 NOD-like receptor signaling pathway-Homo sapiens (human) 0.03566406 0.4552372 1.447769

hsa05221 Acute myeloid leukemia-Homo sapiens (human) 0.03566406 0.4552372 1.447769

hsa04725 Cholinergic synapse-Homo sapiens (human) 0.03723153 0.4552372 1.429089

hsa04726 Serotonergic synapse-Homo sapiens (human) 0.03861753 0.4552372 1.413216

hsa04151 PI3K-Akt signaling pathway-Homo sapiens (human) 0.0394896 0.4552372 1.403517

hsa04512 ECM-receptor interaction-Homo sapiens (human) 0.03986393 0.4552372 1.39942

hsa00533 Glycosaminoglycan biosynthesis-keratan sulfate-Homo sapiens (human) 0.04152981 0.4552372 1.38164

hsa04012 ErbB signaling pathway-Homo sapiens (human) 0.04157717 0.4552372 1.381145

hsa04730 Long-term depression-Homo sapiens (human) 0.04189233 0.4552372 1.377865

hsa04974 Protein digestion and absorption -Homo sapiens (human) 0.04333446 0.4552372 1.363167

hsa03030 DNA replication-Homo sapiens (human) 0.04344184 0.4552372 1.362092

hsa04540 Gap junction-Homo sapiens (human) 0.04513596 0.4552372 1.345477

hsa04810 Regulation of actin cytoskeleton-Homo sapiens (human) 0.04601429 0.4552372 1.337107

hsa05414 Dilated cardiomyopathy-Homo sapiens (human) 0.04698177 0.4552372 1.328071

hsa05219 Bladder cancer-Homo sapiens (human) 0.04974438 0.4605383 1.303256

Genomic location of differentially expressed 
lncRNAs

Several studies have suggested that lncRNAs 
can regulate high order chromosomal dynam-

ics, subcellular structural organization and telo-
mere biology [33]. LncRNAs originate from 
complex loci that include lncRNAs and associ-
ated protein-coding genes, and a number of 
lncRNAs have been reported to regulate the 
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expression of adjacent protein-coding genes 
[34, 35]. The relationships of lncRNAs and 

with nine control subjects. The expression pat-
tern results of the five lncRNAs were consistent 
with the microarray data. TCONS_00013536, 
ENST00000577218, ENST00000511042 and 
TCONS_00013917 were upregulated, where- 
as ENST00000544704 was downregulated in 
EPCs from DVT samples compared with con-
trols (Figure 5). Additionally, microarray data 
also provided the nearby coding genes of these 
differentially expressed lncRNAs. We found 
that the changes of lncRNAs and their nearby 
coding genes are basically identical to the 
results of qRT-PCR analysis (Figure 6). These 
results, which were consistent with the previ-
ous reports [14], provided strong evidence that 
lncRNAs had intrinsic cis-regulatory capacity to 
their own locus.

Discussion

During the past decades, the roles of EPCs in 
the prognosis of thrombosis have been exten-
sively studied [4, 8-11]. However, the molecular 
mechanisms of EPCs in the resolution of throm-
bosis have not yet been fully elucidated. 

Figure 4. Pathway analysis. The top 10 pathways of the coding genes associ-
ated with upregulated lncRNAs (A) and downregulated lncRNAs (B) are listed. 

Figure 5. Quantitative RT-PCR validation of five 
differentially expressed lncRNAs in DVT sam-
ples. TCONS_00013536, ENST00000577218, 
ENST00000511042 and TCONS_00013917 were 
upregulated, whereas ENST00000544704 was 
downregulated in five pairs of DVT samples com-
pared with control samples.

nearby coding genes identi-
fied here include bidirection-
al, exon sense overlapping, 
intergenic, intro sense over-
lapping, intronic antisense 
and natural antisense. The 
275 differentially expressed 
lncRNAs in DVT samples in- 
cluded 24 directional sequ- 
ences, 29 exon sense-over-
lapping sequences, 123 inter-
genic sequences, 12 intro 
sense-overlapping sequenc-
es, 42 intronic antisense and 
37 natural antisense.

Five dysregulated lncRNAs in 
DVT samples

To verify the microarray data, 
we randomly selected five dif-
ferentially expressed lncRNAs 
including four upregulated 
lncRNAs and one downregu-
lated lncRNA and validated 
their expression levels by qu- 
antitative RT-PCR (qRT-PCR) 
in sets of EPCs samples from 
21 DVT patients compared 
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MicroRNAs (miRNAs) are a class of noncoding 
small RNAs that exert a critical role in the func-
tion regulation of EPCs. Altered expression of 
miRNAs in EPCs has been shown to be involved 
in thrombi resolution [10, 11]. However, the 
roles of lncRNAs in EPCs and in thrombi forma-
tion and resolution have not yet been deter-
mined. Although the majority of lncRNA could 
be functional, only few have been demonstrat-
ed to be involved in biological processes, such 
as regulation of basal transcription machinery 
functions, RNA splicing and translation, and 
epigenetic regulation [36-38]. Moreover, the 
exact roles of lncRNA in cells are less clear 
compared with those of miRNAs. Therefore, we 
conducted the present study to obtain insight 
into the roles of lncRNA in EPCs and a role in 
pathogenesis of DVT. 

Recent evidences have shown that lncRNAs 
play an important role in gene expression regu-
lation through cis (i.e., on neighboring genes) or 
trans (distant genes) manners [39]. However, 
prediction of the specifics is relative difficulty 
based on lncRNA sequence [40, 41]. LncRNAs 
have been implicated in multiple functions, par-
ticularly in vascular diseases such as in athero-
sclerosis [42] and varicose vein disease [43]. 
Previous studies have shown expression of the 

hypoxia-inducible factor 1α (HIF1α) gene, which 
is commonly involved in angiogenic events [44, 
45], is regulated through lncRNA-p21 [46]. 
Thus, the aberrant expression of at least one 
lncRNA has been linked to vascular events.

To date, there have been no reports of differen-
tially expressed lncRNAs in DVT samples. Our 
data is the first to show a total of 275 differen-
tially expressed lncRNAs and 363 mRNAs in 
DVT samples, with a fold change of 2 or more. 
GO and pathway analyses predicted that down-
regulated and upregulated transcripts of 
mRNAs were associated with cellular process 
(ontology: biological process), cell (ontology: 
cellular component), and binding (ontology: 
molecular function). We found that these genes 
were mainly involved in cell adhesion and cell 
differentiation, which may suggest that the dif-
ferently expressed lncRNAs could regulate 
migration and differentiation via influencing the 
expression of these genes. To further under-
stand the functions of lncRNAs, we used path-
way analysis to associate these differentially 
expressed lncRNAs with their target genes and 
found 44 pathways that corresponded to tran-
scripts; the most enriched network was the 
cytosolic DNA-sensing pathway, which was 
composed of 64 targeted genes. One of these 

Figure 6. Quantitative RT-PCR valida-
tion of five differentially expressed ln-
cRNAs and nearby genes in EPCs from 
DVT samples. Consistency was found 
for lncRNAs and their nearby gene level.
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pathways, the gene category ‘leukocyte tran-
sendothelial migration and focal adhesion 
pathways’, has been reported to be involved in 
the homing of EPCs [4].

Here we demonstrated that TCONS_000135- 
36, ENST00000577218, ENST00000511042 
and TCONS_00013917 were upregulated and 
ENST00000544704 was downregulated in 
EPCs from DVT samples compared with con-
trols. Furthermore, expressions of five lncRNAs 
were significantly correlated with their nearby 
coding genes, which have not been described 
before. For example, the downregulated lncRNA 
ENST000000544704 in DVT was found to be 
located near the gene encoding MMP1. MMP-1 
functions to promote proliferation and migra-
tion of vascular cells (vascular smooth muscle 
cells and endothelial cells) [47, 48], vessel 
remodeling, angiogenesis and tumor progres-
sion [49]. A natural antisense association 
between the downregulated lncRNA ENST0- 
00000544704 and MMP1 gene may help illu-
minate how lncRNAs regulate gene expression 
in vessel components. The upregulated lncRNA 
ENST00000511042 FREM3 is important in the 
regulation of in the structure and function of 
basement membrane [50] and therefore may 
be an important regulator in angiogenesis. 

The current study of lncRNAs in EPCs from DVT 
samples is a proof-of-principle that lncRNAs 
have a probable role in vein thrombosis patho-
genesis. Further studies should be made to 
fully understand this disease with the aims of 
developing effective treatment strategies. Our 
present study on the potential relationships 
between lncRNAs and EPCs in DVT presents a 
novel area for further investigations into the 
targeted lncRNAs and the potential therapeutic 
strategies for this disease.
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