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INTRODUCTION 

Pathophysiology, epidemiology and management 
of chronic venous disease

Chronic venous disease (CVD) is under-recognized in 
global health-care. This situation is aggravated by its high 
prevalence and negative socio-economic impact. CVD 
encompasses a pool of chronic hemodynamic disorders 
of lower extremities venous circulation, including venous 
valvular incompetence, venous hypertension, venous reflux 
and muscle pump dysfunctions [1-3]. Pathological mecha-
nisms involved in CVD development include changes in 
shear stress and endothelial integrity caused by environ-
mental and genetic factors, leading to enhanced expression 
of adhesion molecules and leukocyte-endothelial activation. 
Increased inflammatory response, exacerbated by production 
of cytokines and chemokines, as well as activation of matrix 
metalloproteinases, constitute the main cause of venous wall 
and valves damage. As a consequence of disease progres-
sion, further signs, including venous dilation, alterations 

MicroRNA expression biomarkers of chronic venous disease
Daniel Zalewski* , Paulina Chmiel

	 Chair and Department of Biology and Genetics, Medical University of Lublin, Poland

in the microcirculation, skin changes and venous leg ulcer, 
could develop [4].

The set of clinical signs associated with CVD has been 
organized from C0 to C6 classes according to the CEAP 
(Clinical, Etiology, Anatomic, Pathophysiology) classifi-
cation (Tab. 1) [1,5-7]. In medical nomenclature, the term 
“chronic venous insufficiency” (CVI) was introduced to 
describe the occurrence of more advanced venous disorders 
belong to C3-C6 classes of CEAP classification [8].

As briefly mentioned, CVD is a vascular disease charac-
terized by very high prevalence. The report from The Vein 
Consult Program showed that worldwide prevalence of 
CVD among general clinic outpatients is around 60% [9,10]. 
Depending on the study, varicose veins, which are one of the 
early symptoms of this disease, affect 2-56% of all men and 
1-60% of all women [11]. In a large epidemiological study 
conducted in 2003 in Poland, signs of CVD were reported in 
47% of all women and 37% of all men [12]. In a subsequent 
study conducted in Poland involving 13.393 participants, 
initial symptoms of CVD were observed in 56.1% of all 
subjects [13]. The adverse socio-economic impact of CVD  
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is particularly determined by the occurrence of venous 
ulcers, which significantly reduces the daily activity of 
patients and their quality of life [1,14]. The most important 
risk factors for CVD are common and include age, obesity, 
smoking, low physical activity, chronic and prolonged 
standing or sitting, pregnancy and a family history [1,9,15].

Methods used for diagnosis of CVD include medical 
history analysis and physical examination supported by 
imaging tests. Visual assessment and palpation of the lower 
extremities is complemented by image examination using e.g.  
ultrasound venous duplex method. Other non-invasive diag-
nostic tests are: air plethysmography, computed tomography, 
magnetic resonance imaging, photoplethysmography, strain 
gauge plethysmography and foot volumetry. Diagnostic 
invasive tests include contrast venography, intravascular 
ultrasound examination and intravascular measurement of 
venous pressure [1,16-18].

The main aims of therapeutic procedures applied for CVD 
treatment are to reduce symptoms, halt disease progression, 
and prevent complications. The recommended therapeutic 
method for all clinical CEAP degrees is compression therapy 
performed using specialized garments. The pharmacotherapy 

of CVD includes using either natural phlebotropic sub-
stances (diosmin, rutin derivatives, esculin, escin) or syn-
thetic drugs (tribenozide, calcium dobesylate). In advanced 
stages of CVD, more invasive methods can be applied, such 
as foam sclerotherapy, endovascular ablation and surgical 
intervention [1,6,18,19].

There is still a need, however, to develop new, more 
efficient methods for the diagnosis and treatment of CVD. 
Although the clinical signs related to superficial veins are 
visible and relatively easy to identify, abnormalities affecting 
deeper localized veins are difficult to detect and require the 
use of imaging techniques, which demand specialized equip-
ment and highly qualified staff. Furthermore, the effective-
ness of currently used treatment methods is not sufficient, 
especially in the advanced stages of CVD development. 
Studies focused on the identification of molecular or bio-
chemical biomarkers of CVD could substantially contribute 
to improving CVD management by providing new targets 
for CVD diagnosis and treatment. To date, there are no such 
biomarkers introduced into clinical procedures regarding 
patients with CVD; however, altered circulatory levels  
of some promising factors, including estradiol, homocys-
teine, vascular endothelial growth factor, and miRNAs, 
were found to be strongly associated with CVD [20].  
In the future, the application of methods based on the 
new targets could result in a higher detection rate, a lower 
prevalence of complications, reduced treatment costs, and 
improved quality of life for patients.

Research approach

This paper has the intent of informing readers of the 
experimental studies focused on comparative miRNA 
expression analyses utilizing clinical material collected 
from individuals in various stages of CVD as well as 
healthy controls (Tab. 2). The purpose of this work is to 
collect actual knowledge about differentially expressed 
miRNAs, which were proposed as candidates for biomarkers  
of CVD. To retrieve articles relevant to this review, PubMed 
and Google Scholar databases were searched with the fol-
lowing keywords: “miRNA”, “microRNA”, “expression”, 
“chronic venous disease”, “chronic venous insufficiency”, 
“venous ulcer”, “biomarker”, and their combinations. The 
abstracts and full text of articles written in English were 
further screened and the final set of papers was selected by 
the authors.

MicroRNA – biogenesis and molecular function

Currently, one of the most intensively studied fields  
of search for markers of cardiovascular diseases is the 
universe of non-coding RNAs, with special interest in 
microRNAs (miRNAs) [21-23]. The miRNA pool is com-
prised of short (18-25 nucleotides), single-stranded and non-
coding RNA molecules that exhibit a regulatory function 
of gene expression. The biogenesis of miRNA starts in the 
cell nucleus, where miRNA-encoding genes are transcribed 
by RNA polymerase II, producing primary transcripts  
of miRNAs (pri-miRNAs). Pri-miRNAs are subsequently 
digested to miRNA precursors (pre-miRNAs) by RNase 
III Drosha protein. Pre-miRNAs are exported to the cyto-
plasm by exportin 5 (XPO5) transporter and processed  
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Table 1. Clinical, Etiological, Anatomical and Pathophysiological 
(CEAP) classification of CVD [7]

Clinical classification
(Complemented by “a” for asymptomatic presentation and „s” for 

symptomatic presentation. Symptomatic presentation includes occurrence 
of such symptoms as ache, pain, tightness, swelling, burning, skin irritation, 

sensations of throbbing or heaviness, muscle cramps and restless leg)

C0 No visible or palpable signs of venous disease

C1 Telangiectases or reticular veins

C2 Varicose veins 

C2r Recurrent varicose veins

C3 Oedema

C4

Changes in skin and subcutaneous tissue:
Class 4a – Pigmentation and/or eczema
Class 4b – Lipodermatosclerosis and/or atrophie blanche
Class 4c – Corona phlebactica

C5 Healed venous ulcer

C6 Active venous ulcer

C6r Recurrent active venous ulcer

Etiological classification

Ec Congenital (eg. Klippel-Trenaunay syndrome,  
Parkes-Weber syndrome)

Ep Primary

Es Secondary

Esi Secondary – intravenous (eg. deep venous thrombosis)

Ese Secondary – extravenous (eg. central venous hypertension)

En No venous etiology identified

Anatomical Classification

As Superficial veins

Ad Deep veins

Ap Perforating veins

An No venous location identified

Pathophysiological classification

Pr Reflux

Po Obstruction

Pr,o Reflux and obstruction 

Pn No venous pathophysiology identified
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to miRNA:miRNA* duplexes by another RNAse III 
enzyme: Dicer. One strand (mature miRNA) of the duplex 
is incorporated into the miRISC protein complex (miRNA 
associated RNA induced silencing complex) and the other 
strand typically undergoes degradation. Mature miRNA 
assembled with miRISC complex can bound to the mRNA 
strand, either to the 3’UTR, 5’UTR or coding region. Forma-
tion of miRNA:mRNA assembly impairs mRNA expression  
by repression of translation or destabilization and cleavage 
of mRNA [24-26]. In this way, miRNAs exhibit a pleio-
tropic effect on protein pool in cells; therefore, even slight 
dysregulations in miRNA levels may lead to disturbances in 
physiological processes and development of diseases [27]. 

Computational databases allow determining genes (both 
computationally predicted or experimentally validated) 
targeted by particular miRNAs and indicate related biologi-
cal processes and signaling pathways. For these reasons, 
alterations in miRNA expression patterns constitute a subject 
of intensive research so as to identify markers that can be 
used in the diagnosis and treatment of human diseases. Many 
studies demonstrate the critical role of miRNA in pathogen-
esis of cancer, autoimmunology, infections, atherosclerosis 
and many other diseases [28-33]. Numerous evidences also 
show the important role of miRNAs in processes strongly 
associated with vascular pathology such as angiogenesis, 
endothelial dysfunction, and vascular inflammation; there-
fore, dysregulations in miRNA expression profiles could 
point to promising candidates for biomarkers of CVD 
[34-36].

MicroRNAs – promising candidates for CVD 
biomarkers

The following is a listing and description of studies 
involving the search for miRNA markers of CVD.

Cui et al. performed genome-wide miRNA profiling using 
the microarray method in great saphenous vein samples 

collected from 5 male patients with CVD (C4 class of 
CEAP) and 5 control males [37]. Differential expression 
analysis showed 14 miRNAs with a statistically significant 
change in expression in the CVD group when compared to 
controls. Among selected miRNAs, 9 miRNAs were upreg-
ulated (miR-378, miR-378*, miR-376c, miR-202, miR-
127-3p, miR-654-3p, miR-376a, miR-196a, and miR-34a) 
and 5 miRNAs were downregulated (miR-29b-1*, miR-210, 
miR-155, miR-338-3p, and miR-146b-5p). Dysregulation 
of three miRNAs (miR-34a, miR-155, and miR-202) were 
confirmed in the validation step using real-time RT-PCR. 
Functional analysis of genes predicted as targets of 14 dif-
ferentially expressed miRNAs demonstrated strong asso-
ciation with apoptosis, regulation of proliferation and actin 
cytoskeleton organization [37].

Higher expression of miR-202 in varicose vein tissues 
was confirmed later in the study performed by Huang et 
al. using real-time qPCR [38]. Upregulation of miR-202 
was associated with important hallmarks of CVD pathogen-
esis, among others, increased proliferation and migration of 
VSMC, production of collagen I and induction of oxidative 
stress. The proposed mechanism for the generation of such 
effects is the targeting of the 3’-UTR region of PGC-1α 
(peroxisome proliferator-activated receptor-γ coactivator-1α) 
by miR-202. Hence, this miRNA is a promising target for 
CVD treatment [38].

In their study, Anwar et al. performed integrated meta-
bolic and miRNA expression profiling of varicose and 
normal vein specimens [39]. In doing so, the authors 
analyzed aqueous and lipid metabolite extracts of vein 
tissues using 600 MHz 1H Nuclear Magnetic Resonance 
spectroscopy and Ultra-Performance Liquid Chromatog-
raphy Mass Spectrometry. Moreover, a microarray hybrid-
ization technique was employed for miRNA expression 
analysis. The outcome of this work was that increased 
expression level of hsa-miR-216a-5p and -136-5p, as well 

Table 2. The summary of studies regarding identification of miRNA expression biomarkers of CVD
Ref. Cases vs Controls Material Method Differentially expressed miRNAs

[37] 5 males with CVD  
vs 5 male controls

Proximal part of 
great saphenous 
vein tissue

Microarray
↑miR-378, miR-378*, miR-376c, miR-202, miR-127-3p, miR-654-3p, miR-376a, 
miR-196a, miR-34a

↓miR-29b-1*, miR-210, miR-155, miR-338-3p, miR-146b-5p

RT-PCR validation
↑miR-34a, miR-202 

↓miR-155

[38]

33 patients with varicose 
veins (varicose vein tissues 
vs normal segments from the 
same patient)

Veins tissues RT-PCR ↑miR-202-3p

[39] 8 patients with varicose veins 
vs 8 controls Veins tissues Microarray

↑hsa-miR-216a-5p, hsa-miR-136-5p 

↓hsa-miR-642a-3p, hsa-miR-718, hsa-miR-4459, hsa-miR-135a-3p, hsa-miR-
363-3p

[40] 34 patients with varicose veins 
vs 19 controls

Peripheral blood 
mononuclear 
cells

Next Generation 
Sequencing

↑hsa-miR-122-5p, hsa-miR-3591-3p, hsa-miR-183-5p, hsa-miR-1277-3p, 
hsa-miR-548d-3p, hsa-miR-34a-5p, hsa-miR-576-3p, hsa-miR-454-3p, hsa-miR-
548d-5p, hsa-miR-186-3p, hsa-miR-548aa, hsa-miR-33a-5p, hsa-miR-590-3p, 
hsa-miR-548t-3p, hsa-miR-1277-5p, hsa-let-7b-3p, hsa-miR-96-5p, hsa-miR-
548ac, hsa-miR-19a-3p, hsa-miR-206, hsa-miR-497-3p, hsa-miR-208a-3p 

↓hsa-miR-92a-3p, hsa-miR-874-5p, hsa-miR-106b-3p, hsa-miR-181a-2-3p, 
hsa-miR-128-3p, hsa-miR-769-5p, hsa-miR-30e-3p, hsa-miR-1250-5p, hsa-miR-
25-3p

[42] 10 patients with varicose veins 
vs 5 controls

M2-macrophages 
derived from 
monocytes

RT-PCR ↓miR-661, miR-1202

[45] 10 patients with venous ulcers 
vs 5 controls Skin biopsies RT-PCR ↑miR-16, miR-20a, miR-21, miR-106a, miR-203, miR-130a

[46] Venous ulcers  
vs normal wounds and skin

Wound-edge 
epidermal 
keratinocytes

RT-PCR ↑miR-34a, miR-34c

↑ – upregulated miRNAs, ↓ – downregulated miRNAs
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as decreased expression level of hsa-miR-642a-3p, -718, 
-4459, -135a-3p, and -363-3p were found in varicose veins 
specimens when compared to control tissues. In addition, 
expression levels of hsa-miR-642a-3p, -4459, and -135a-3p 
were highly positively correlated, whereas hsa-miR-136-5p 
was negatively correlated with inosine levels. The results 
indicate a potential role of dysregulated miRNAs in such 
inosine-mediated functions as response for hypoxia, Akt sig-
naling pathway, membrane trafficking, cell survival, growth 
and proliferation. Furthermore, expression levels of miR-
216a-5p showed high positive correlation with a variety of 
other metabolites, including phosphatidylcholine and phos-
phatidylinositol (a crucial component of the lipid bilayer). 

Beyond the aforementioned, another dysregulated 
miRNA, hsa-miR-142-5p, showed strong positive correla-
tion with sphingomyelin, as well as negative correlation 
with creatine levels, suggesting the important role of this 
miRNA in transmembrane signaling and intracellular vesicle 
trafficking [39].

Our research group performed integrated, experimental 
miRNA and gene expression analysis in PBMCs (peripheral 
blood mononuclear cells) isolated from whole blood samples 
collected from 34 patients diagnosed with CVD (C2 class 
of CEAP classification) and 19 healthy controls [40]. The 
application of high-throughput Next Generation Sequencing 
method followed by multi-stage statistical analysis (DESeq2 
and UVE-PLS methods) allowed us to identify 31 miRNAs 
and 62 genes as significantly differentially expressed in 
CVD group when compared to controls. Moreover, addi-
tional in silico analysis performed using computational data-
bases disclosed 63 regulatory interactions between identified 
miRNAs and genes, enabling construction of the regulatory 
network potentially involved in CVD pathogenesis. Func-
tional analysis of miRNA-regulated genes also revealed 
numerous associations, including links to cardiovascular 
diseases and risk factors, tobacco use disorder, develop-
mental processes and RNA metabolism [40].

MMP9 (matrix metallopeptidase 9) is one of the factors 
responsible for extracellular matrix degradation and venous 
wall weakness during development of varicose veins [41]. 
Biranvand et al. using real-time PCR, examined expres-
sion levels of MMP9 and its predicted modulators: lncRNA-
GAS5, lncRNA-HOTAIR, miR-661 and miR-1202 in 
M2-macrophages differentiated from monocytes collected 
from patients with varicose veins, and compared these 
to cells from healthy subjects [42]. According to study 
results, the expression level of MMP9 was shown to be 
increased, while expression levels of its modulators were 
decreased in patients with varicose veins. The outcome of 
this work suggests that lncRNA-GAS5, lncRNA-HOTAIR, 
miR-661, and miR-1202 play regulatory roles in MMP9 
function during CVD development, and that further studies 
are required to evaluate their potential diagnostic and thera-
peutic utility [42].

Circular RNAs (circRNAs) have been established as 
negative regulators of miRNAs [43]. Zhang et al. applied 
high-throughput sequencing to perform a circular RNAs 
expression profiling of primary great saphenous vein vari-
cosities in comparison to control tissues [44]. Therein, 

three out of 232 differentially expressed circRNAs (hsa-
circ-0006427, -0089810 and -0005267) were found to 
have the most significant diagnostic potential. Further-
more, computational analysis of all identified differentially 
expressed circRNAs revealed top 10 downstream miRNAs:  
hsa-miR-103a-2-5p, -141-5p, -3692-5p, -4659a-3p, -4659b-
3p, -4691-5p, -4778-3p, -6738-3p, -6792-3p, and -6873-3p. 
The potential role of these miRNAs in CVD development 
was subsequently explored and the most enriched functional 
terms were found to be related to catabolic processes, ATP 
binding, axon guidance, vitamin digestion and absorption, 
and the NF-kappaB signaling pathway [44].

Two another studies identified differentially expressed 
miRNAs in patients with venous ulcers – a more advanced 
stage of CVD. Using quantitative PCR and in situ hybrid-
ization, increased expression of miR-16, -20a, -21, -106a, 
-203, and -130a was found in 10 skin biopsies from venous 
ulcers, as compared to 5 healthy skin specimens [45]. These 
miRNAs were predicted to target mRNA of genes involved 
in wound healing, including EGR3 (early growth response 3,  
transcriptional factor for genes involved in cell prolif-
eration), VCL (vinculin, the main component of the focal 
adhesion complex) and LEPR (leptin receptor, a hypoxia-
inducible cytokine required for wound healing process). 
Two out of these miRNAs, miR-21 and miR-130a, were 
experimentally confirmed to directly target LEPR. Applica-
tion of these miRNAs mimics on wounds delayed wound 
healing via a suppressing effect on epithelialization of 
human skin. Hence, therapeutic targeting of miR-21 and 
miR-130a emerges as a potential option to accelerate healing 
of venous ulcers [45].

Wu et al. have found two upregulated miRNAs in the 
wound-edge epidermal keratinocytes of venous ulcers: 
miR-34a and miR-34c [46]. They then demonstrated that 
both miRNAs enhance the production of inflammatory che-
mokines and cytokines, probably through targeting mRNA 
for LGR4 (leucine-rich repeat containing G protein-coupled 
receptor 4). Subsequent administration of miR-34a mimic 
in mice promoted inflammation and caused retardation 
of wound healing. Application of miR-34a and miR-34c 
antagomirs may constitute new opportunity in the treatment 
of venous ulcers [46].

Disturbances in miRNA regulatory function involved 
in CVD pathology could be a result of genetic variabilities 
within modulated genes. Jin et al. examined the association 
between rs3917 indel polymorphism in the 3’UTR region 
of the COL1A2 (collagen type I alpha 2 chain) and the risk 
of CVI [47]. The authors included 254 CVI cases and 508 
controls to the study and brought to light the significantly 
increased risk of CVI (1.6 fold, P = 0.008) in subjects 
carrying rs3917 polymorphism in COL1A2. Interestingly, 
this polymorphism is localized in a predicted binding 
site for miRNA-382 and therefore could impair miRNA-
382-mediated suppressing of COL1A2, presumably leading  
to upregulation of COL1A2 [47]. This effect may explain the 
previously reported increase in expression of collagen type 
I in dermal fibroblasts derived from patients with varicose 
veins; however, further studies are needed to confirm this 
hypothesis [48].
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CONCLUSION

CVD is one of the major health problems worldwide 
due to its high prevalence, multifactorial character, diverse 
symptomatology, severe clinical implications and negative 
socioeconomic impact [1,9]. All these reasons raise the need 
for research on the understanding of pathological mecha-
nisms in CVD and offer new diagnostic and treatment 
alternatives. Results of the presented studies confirm the 
significant role of miRNA-associated regulatory mechanisms 
in etiology of CVD, and such work points out that altered 
expression of miRNA could be a promising research area for 
the search of novel biomarkers with potential clinical utility. 

Unfortunately, the efforts that have been made to date 
are obviously insufficient and further studies are strongly 
needed in this field. The studies presented in this review 
largely focused on vein tissue samples and further investiga-
tions should employ high-accessible clinical material, such 
as whole blood, serum, plasma or exosomes, which will 
facilitate the prospective application of obtained results in 
clinical practice. Further studies should also be integrated 
with whole transcriptome expression analysis in order to 
obtain deeper insight into the relationships between miRNA 
and regulated genes, and the consequential effects on the 
pathological processes. Moreover, previous studies included 
a small number of participants; therefore, further investiga-
tions should involve much larger populations characterized 
in detail, demographically matched and preferably divided 
into CVD stage-dependent subgroups. The results obtained 
in such studies may then be more meaningful for elucida-
tion of miRNA-dependent regulation in the pathogenesis of 
CVD and for the identification of precise and robust miRNA 
biomarkers with high diagnostic and therapeutic potential.

LIST OF ABBREVIATIONS

ABCA1 – ATP binding cassette subfamily A member 1
CEAP – Clinical, Etiology, Anatomic and Pathophysiology 
classification of CVD
circRNAs – circular RNAs
COL1A2 – collagen type I alpha 2 chain
CVD – Chronic Venous Disease
CVI – Chronic Venous Insufficiency
EGR3 – early growth response 3
LEPR – leptin receptor
LGR4 – leucine rich repeat containing G protein-coupled 
receptor 4
MAPK – mitogen-activated protein kinases
miRNA – microRNA
MMP9 – matrix metallopeptidase 9
PBMCs – peripheral blood mononuclear cells
PTEN – phosphatase and tensin homolog
qPCR – quantitative Polymerase Chain Reaction
RT-PCR – Reverse Transcription - Polymerase Chain 
Reaction
VCL – vinculin
VSMC – vascular smooth muscle cells

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

FUNDING STATEMENT

This work received no external funding.

ORCID iDs

Daniel Zalewski https://orcid.org/0000-0002-2254-2009
Paulina Chmiel https://orcid.org/0000-0002-8185-4088

REFERNCES

1.	 Eberhardt RT, Raffetto JD. Chronic venous insufficiency. Circulation. 
2014;130(4):333-46.

2.	 Bergan JJ, Schmid-Schönbein GW, Smith PD, Nicolaides AN, 
Boisseau MR, Eklof B. Chronic venous disease. N Engl J Med. 2006; 
355(5):488-98.

3.	 Meissner MH, Moneta G, Burnand K, Gloviczki P, Lohr JM, Lurie F,  
et al. The hemodynamics and diagnosis of venous disease. J Vasc 
Surg. 2007;46(Suppl S):4S-24S.

4.	 Raffetto JD. Pathophysiology of Chronic Venous Disease and Venous 
Ulcers. Surg Clin North Am. 2018;98(2):337-47.

5.	 Rabe E, Pannier F. Clinical, aetiological, anatomical and pathological 
classification (CEAP): gold standard and limits. Phlebology. 2012; 
27(Suppl 1):114-8.

6.	 Neubauer-Geryk J, Bieniaszewski L. Przewlekla choroba zylna – 
patofizjologia, obraz kliniczny i leczenie. Choroby Serca i Naczyn. 
2009;6(3):135-41.

7.	 Lurie F, Passman M, Meisner M, Dalsing M, Masuda E, Welch H. 
The 2020 update of the CEAP classification system and reporting 
standards. J Vasc Surg Venous Lymphat Disord. 2020;8(3):342-52.

8.	 Eklof B, Perrin M, Delis KT, Rutherford RB, Gloviczki P. Updated 
terminology of chronic venous disorders: the VEIN-TERM 
transatlantic interdisciplinary consensus document. J Vasc Surg. 
2009;49(2):498-501.

9.	 Vuylsteke ME, Colman R, Thomis S, Guil laume G, Van 
Quickenborne D, Staelens I. an epidemiological survey of 
venous disease among general practitioner attendees in different 
geographical regions on the globe: The final results of the Vein 
Consult Program. Angiology. 2018;69(9):779-85.

10.	 Rabe E, Guex JJ, Puskas A, Scuderi A, Fernandez Quesada F. 
VCP Coordinators. Epidemiology of chronic venous disorders in 
geographically diverse populations: results from the Vein Consult 
Program. Int Angiol. 2012;31(2):105-15.

11.	 Beebe-Dimmer JL, Pfeifer JR, Engle JS, Schottenfeld D. The 
epidemiology of chronic venous insufficiency and varicose veins. 
Ann Epidemiol. 2005;15(3):175-84.

12.	 Jawien A, Grzela T, Ochwat A. Prevalence of chronic venous 
insufficiency in men and women in Poland: Multicentre cross-
sectional study in 40.095 patients. Phlebology. 2003;18:110-22.

13.	 Ziaja D, Sznapka M, Grzela J, Kostecki J, Biolik G, Pawlicki K, et 
al. Regional variations of symptoms of the chronic venous disease 
among primary health care patients in Poland. Acta Angiologica. 
2015;21(2):31-9.

14.	 Vuylsteke ME, Thomis S, Guillaume G, Modliszewski ML, 
Weides N, Staelens I. Epidemiological study on chronic venous 
disease in Belgium and Luxembourg: prevalence, risk factors, and 
symptomatology. Eur J Vasc Endovasc Surg. 2015;49(4):432-9.

15.	 Curylo M, Cienkosz K, Mikos M, Czerw A. Epidemiology and 
diagnostics of venous disease in Poland. J Educ Health Sport. 2017; 
7(9):49-57.

16.	 Nicolaides AN. Investigation of chronic venous insufficiency: 
A consensus statement (France, March 5-9, 1997). Circulation. 2000; 
102(20):E126-63.



MicroRNA expression biomarkers of chronic venous disease

26 Current Issues in Pharmacy and Medical Sciences

17.	 Gloviczki P, Comerota AJ, Dalsing MC, Eklof BG, Gillespie DL, 
Gloviczki ML, et al. Society for Vascular Surgery; American Venous 
Forum. The care of patients with varicose veins and associated 
chronic venous diseases: clinical practice guidelines of the Society 
for Vascular Surgery and the American Venous Forum. J Vasc Surg. 
2011;53(5 Suppl):2S-48S.

18.	 Youn YJ, Lee J. Chronic venous insufficiency and varicose veins of 
the lower extremities. Korean J Intern Med. 2019;34(2):269-83.

19.	 Wittens C, Davies AH, Bækgaard N, Broholm R, Cavezzi A, 
Chastanet S, et al. Editor's choice – management of Chronic Venous 
Disease: Clinical practice guidelines of the European Society for 
Vascular Surgery (ESVS). Eur J Vasc Endovasc Surg. 2015;49(6): 
678-737.

20.	 Smith RK, Golledge J. A systematic review of circulating markers in 
primary chronic venous insufficiency. Phlebology. 2014;29(9):570-9.

21.	 Wojciechowska A, Braniewska A, Kozar-Kaminska K. MicroRNA 
in cardiovascular biology and disease. Adv Clin Exp Med. 2017; 
26(5):865-74.

22.	 Stepien E, Costa MC, Kurc S, Drozdz A, Cortez-Dias N, Enguita FJ. 
The circulating non-coding RNA landscape for biomarker research: 
lessons and prospects from cardiovascular diseases. Acta Pharmacol 
Sin. 2018;39(7):1085-99.

23.	 Zhou SS, Jin JP, Wang JQ, Zhang ZG, Freedman JH, Zheng Y,  
et al. miRNAS in cardiovascular diseases: potential biomarkers, 
therapeutic targets and challenges. Acta Pharmacol Sin. 2018;39(7): 
1073-84.

24.	 Guo H, Ingolia NT, Weissman JS, Bartel DP. Mammalian 
microRNAs predominantly act to decrease target mRNA levels. 
Nature. 2010;466:835-40.

25.	 Kim D, Sung YM, Park J, Kim S, Kim J, Park J, et al. General rules 
for functional microRNA targeting. Nat Genet. 2016;48:1517-26.

26.	 Oliveto S, Mancino M, Manfrini N, Biffo S. Role of microRNAs in 
translation regulation and cancer. World J Biol Chem. 2017;8(1): 
45-56.

27.	 Mukherji S, Ebert MS, Zheng GX, Tsang JS, Sharp PA, van 
Oudenaarden A. MicroRNAs can generate thresholds in target gene 
expression. Nat Genet. 2011;43:854-9.

28.	 Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards a new 
era for the management of cancer and other diseases. Nat Rev Drug 
Discov. 2017;16:203-22.

29.	 Bogucka-Kocka A, Zalewski DP, Ruszel KP, Stepniewski A, 
Galkowski D, Bogucki J, et al. Dysregulation of MicroRNA 
regulatory network in lower extremities arterial disease. Front Genet. 
2019;10:1200.

30.	 Zhou SS, Jin JP, Wang JQ, Zhang ZG, Freedman JH, Zheng Y, et 
al. miRNAS in cardiovascular diseases: Potential biomarkers, 
therapeutic targets and challenges. Acta Pharmacol Sin. 2018;39: 
1073-84.

31.	 Feinberg MW, Moore KJ. MicroRNA regulation of atherosclerosis. 
Circ Res. 2016;118:703-20.

32.	 Schulte C, Karakas M, Zeller T. MicroRNAs in cardiovascular 
disease – Clinical application. Clin Chem Lab Med. 2017;55:687-704.

33.	 Zalewski DP, Ruszel KP, Stepniewski A, Galkowski D, Bogucki J, 
Komsta L, et al. Dysregulation of microRNA modulatory network 
in abdominal aortic aneurysm. J Clin Med. 2020;9(6):1974.

34.	 Zhang C. MicroRNAs in vascular biology and vascular disease.  
J Cardiovasc Transl Res. 2010;3(3):235-40.

35.	 Fernández-Hernando C, Suárez Y. MicroRNAs in endothelial cell 
homeostasis and vascular disease. Curr Opin Hematol. 2018;25: 
227-36.

36.	 Qin S, Zhang C. MicroRNAs in vascular disease. J Cardiovasc 
Pharmacol. 2011;57:8-12.

37.	 Cui C, Liu G, Huang Y, Lu X, Lu M, Huang X, et al. MicroRNA 
profiling in great saphenous vein tissues of patients with chronic 
venous insufficiency. Tohoku J Exp Med. 2012;228(4):341-50.

38.	 Huang X, Liu Z, Shen L, Jin Y, Xu G, Zhang Z, et al. Augmentation 
of miR-202 in varicose veins modulates phenotypic transition of 
vascular smooth muscle cells by targeting proliferator-activated 
receptor-γ coactivator-1α. J Cell Biochem. 2019;120(6):10031-42.

39.	 Anwar MA, Adesina-Georgiadis KN, Spagou K, Vorkas PA, Li JV, 
Shalhoub J, et al. A comprehensive characterisation of the metabolic 
profile of varicose veins; implications in elaborating plausible cellular 
pathways for disease pathogenesis. Sci Rep. 2017;7(1):2989.

40.	 Zalewski DP, Ruszel KP, Stepniewski A, Galkowski D, Bogucki J, 
Komsta L, et al. Dysregulations of MicroRNA and gene expression 
in Chronic Venous Disease. J Clin Med. 2020;9(5):1251.

41.	 Raffetto JD, Qiao X, Koledova VV, Khalil RA. Prolonged increases 
in vein wall tension increase matrix metalloproteinases and decrease 
constriction in rat vena cava: Potential implications in varicose veins. 
J Vasc Surg. 2008;48(2):447-56.

42.	 Biranvand AS, Khosravi M, Esfandiari G, Poursaleh A, Hosseini-
Fard SR, Amirfarhangi A, et al. Associations between miR-661, 
miR-1202, lncRNA-HOTAIR, lncRNA-GAS5 and MMP9 in 
differentiated M2-macrophages of patients with varicose veins. Int 
Angiol. 2018;37(6):451-6.

43.	 Hansen TB, Jensen TI, Clausen BH, Bramsen JB, Finsen B, Damgaard 
CK, et al. Natural RNA circles function as efficient microRNA 
sponges. Nature. 2013;495(7441):384-8.

44.	 Zhang W, Li L, Si Y, Shi Z, Zhu T, Zhuang S, et al. Identification of 
aberrant circular RNA expression and its potential clinical value 
in primary great saphenous vein varicosities. Biochem Biophys Res 
Commun. 2018;499(2):328-37.

45.	 Pastar I, Khan AA, Stojadinovic O, Lebrun EA, Medina MC, Brem 
H, et al. Induction of specific microRNAs inhibits cutaneous wound 
healing. J Biol Chem. 2012;287(35):29324-35.

46.	 Wu J, Li X, Li D, Ren X, Li Y, Herter EK, et al. MicroRNA-34 family 
enhances wound inflammation by targeting LGR4. J Invest Dermatol. 
2020;140(2):465-76.e11.

47.	 Jin Y, Xu G, Huang J, Zhou D, Huang X, Shen L. Analysis of the 
association between an insertion/deletion polymorphism within the 
3' untranslated region of COL1A2 and chronic venous insufficiency. 
Ann Vasc Surg. 2013;27(7):959-63.

48.	 Sansilvestri-Morel P, Rupin A, Jaisson S, Fabiani JN, Verbeuren TJ, 
Vanhoutte PM. Synthesis of collagen is dysregulated in cultured 
fibroblasts derived from skin of subjects with varicose veins as it 
is in venous smooth muscle cells. Circulation. 2002;106(4):479-83.


