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Abstract. Membranous obstruction of the inferior vena cava 
(MOVC) has the highest incidence rate among the different 
types of Budd‑Chiari syndrome (BCS) in China. The inferior 
vena cava septum of patients with MOVC contains capil-
laries and the two surfaces of the membrane are composed 
of vascular endothelial tissue. Membrane formation occurs 
due to endothelial damage. MicroRNAs (miRNAs/miRs) have 
been verified to be involved in the pathogenesis and progres-
sion of various human diseases. A previous study by our group 
suggested that miR‑3133 was downregulated in the serum of 
patients with MOVC. In the present study, the possible mecha-
nistic implication of miR‑3133 in MOVC‑associated processes 
was further explored. It was observed that miR‑3133 overex-
pression inhibited, whereas miR‑3133 knockdown enhanced 
the proliferation and tube formation of human umbilical 
vein endothelial cells (HUVECs) using the CCK‑8 and tube 
formation assays. JUNB, a member of activator protein 1 and 
an important upstream transcriptional molecule of vascular 
endothelial growth factor (VEGF), was proven to be a direct 
target gene of miR‑3133 using a bioinformatics prediction and 
luciferase reporter assay. Meanwhile, the mRNA and protein 
expression of JUNB and VEGF was determined by PCR, 

ELISA and western blot analyses. Of note, miR‑3133 overex-
pression downregulated, while miR‑3133 knockdown elevated 
the expression of JUNB and VEGF significantly. Furthermore, 
it was demonstrated that JUNB upregulated the expression 
and secretion of VEGF to promote HUVEC proliferation and 
angiogenesis. miR‑3133 was able to inhibit the effect of JUNB 
overexpression to promote cell proliferation, angiogenesis 
and the expression of VEGF. In conclusion, the present study 
demonstrated that miR‑3133 regulated endothelial cell prolif-
eration and angiogenesis through the JUNB/VEGF pathway, 
which may provide an approach for inhibiting diaphragm 
formation of the inferior vena cava in MOVC.

Introduction

Budd‑Chiari syndrome (BCS), a disease named after the 
British physician George Budd and the Australian patholo-
gist Hans Chiari, is a relatively rare hepatic vascular disease, 
which is mainly caused by obstruction of the hepatic vein 
outflow tract (1‑3). The incidence rate of membranous obstruc-
tion of the inferior vena cava (MOVC) is the highest among 
all types of BCS in China; in MOVC, the diaphragm forms at 
the opening of the inferior vena cava and/or hepatic vein (4). 
This condition results in considerable physiological damage 
and psychological trauma and increases the economic burden 
of the family of affected patients.

Abnormal expressions of von Willebrand factor (vWF), 
endothelin‑1, vascular endothelial growth factor (VEGF) and 
other cytokines have been detected in the plasma of patients 
with MOVC compared with those of normal individuals. vWF 
and VEGF are recognized as pro‑angiogenic factors and are 
associated with angiogenesis (5,6). Furthermore, a Chinese 
study reported that granulation tissue and neovascularization 
were present in the lesion of the inferior vena cava and that 
the luminal surface as covered by a layer of intact endothelial 
cells (7). Therefore, the formation of the inferior vena cava 
diaphragm possibly begins with proliferation and angiogenesis 
after vascular endothelial injury.

microRNAs (miRNAs/miRs) are a class of non‑coding, 
endogenous and small RNA molecules with a length of ~22‑28 
nucleotides. miRNAs, as novel gene regulators, are able to 
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inhibit protein production by inducing mRNA degradation 
or combining with the 3'‑untranslated regions  (UTRs) of 
target mRNAs to suppress the process of translation (8,9). 
In this manner, miRNAs have a vital function in a number 
of pathological and physiological processes, including cell 
proliferation, death, immune function, apoptosis and angio-
genesis (10,11). A previous study by our group has indicated 
that the expression of miR‑3133 is significantly lower in the 
plasma of patients with MOVC than in healthy controls (12). 
Therefore, downregulation of miR‑3133 may be involved in the 
pathogenesis of MOVC through regulating the proliferation 
and angiogenesis of endothelial cells. However, how miR‑3133 
regulates the proliferation and angiogenesis of endothelial 
cells has remained elusive and was therefore investigated in 
the present study.

Materials and methods

Cell lines and reagents. Human umbilical vein endothelial 
cells (HUVECs; cat. no. GNhu39) were purchased from the cell 
bank of the Chinese Academy of Sciences. The cells were 
cultured in RPMI‑1640 medium (KeyGen Biotech Co., Ltd.) 
containing 10% fetal bovine serum (Tianhang Biotechnology 
Co., Ltd.). The cells were incubated at 37˚C in a humidified 
atmosphere with 5% CO2.

Plasmids and transient transfections. miR‑3133 mimics 
and their respective negative control (NC), as well as 
miR‑3133 inhibitor and its NC, were purchased from RiboBio 
Biotechnology Co., Ltd. The pc‑DNA3.1‑3xFlag‑JUNB 
and pc‑DNA3.1‑3xFlag‑vector were obtained from Youbao 
Biotechnology Co., Ltd. The hilymax reagent was used to 
transiently transfect plasmids for the miR‑3133 mimics and 
inhibitor into the cells according to the manufacturer's protocol. 
These transfections were performed when the HUVECs were 
cultured in a 12‑well plate at 1.2x105 cells/well with 1 ml fresh 
medium for 24 h and reached 60‑70% confluency.

Cell proliferation assay. HUVECs were cultured in a 12‑well 
plate at 1.2x105 cells/well with 1 ml fresh medium for 24 h and 
transfected with plasmids after the density reached 60‑70%. 
For the proliferation assay, these transfected cells were seeded 
into 96‑well plate at 5x103 cells/well in 100 µl fresh medium 
and culture was continued for 0, 24, 48 and 72 h prior to the 
assay with the Cell Counting Kit‑8 (CCK‑8) (Dojindo).

Tube formation assay. For the tube formation assay, 
pre‑chilled 96‑well plates were coated with 50 µl Matrigel™ 
(BD  Biosciences) and incubated at 37˚C for 30  min. 
Subsequently, 1x104 cells resuspended in 100 µl serum‑free 
medium were added to each well and then incubated at 37˚C 
for another 6 h prior to capturing of images under a micro-
scope and counting the complete tubular structures.

Reverse transcription‑quantitative (RT‑q)PCR assay. The 
total RNA was isolated from cultured cells by using TRIzol 
(Invitrogen; Thermo Fisher Scientific, Inc.). To quantify gene 
expression, the complementary DNA of miR‑3133 was synthe-
sized using the miRNA First Strand cDNA Synthesis Kit (by 
stem‑loop; Vazyme), while the RT reaction for JUNB and 

VEGF was performed using the HiScript II First Strand cDNA 
Synthesis Kit (Vazyme). The internal controls for miR‑3133 
and JUNB/VEGF were U6 and GAPDH, respectively. The 
7500HT qPCR system thermal cycler (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) was used for the amplification 
of the obtained complementary DNA in triplicate with AceQ 
qPCR SYBR‑Green Master Mix (Vazyme). The program 
settings were as follows: Pre‑denaturation at 95˚C for 5 min, 
followed by 40 cycles of 10 sec at 95˚C, annealing at 60˚C 
for 30 sec and extension at 95˚C for 15 sec. The relative gene 
expression was determined using the 2‑ΔΔCq method  (13). 
The primers used were as follows: 5'‑GTC​GTA​TCC​AGT​
GCA​GGG​TCC​GAG​GTA​TTC​GCA​CTG​GAT​ACG​ACA​TTG​
GG‑3' (stem‑loop), 5'‑CGC​GCG​TAA​AGA​ACT​CTT​AAAA‑3' 
(forward) and 5'‑AGT​GCA​GGG​TCC​GAG​GTA​TT‑3' (reverse) 
for miR‑3133; 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' (forward) 
and 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3' (reverse) for U6; 
5'‑TGG​AAC​AGC​CCT​TCT​ACC​AC‑3' (forward) and 5'‑TGG​
AAC​AGC​CCT​TCT​ACC​AC‑3' (reverse) for JUNB; 5'‑TGC​
CCG​CTG​CTG​TCT​AATG‑3' (forward) and 5'‑GCG​AGT​CTG​
TGT​TTT​TGC​AG‑3' (reverse) for VEGF; 5'‑GCC​GGT​GCT​
GAG​TAT​GTC‑3' (forward) and 5'‑CTT​CTG​GGT​GGC​AGT​
GAT‑3' (reverse) for GAPDH.

Western blot analysis. Following transfection, the HUVECs 
were collected and lysed using radioimmunoprecipitation 
assay lysis buffer containing 100 mM phenylmethylsulfonyl 
fluoride and ultrasound. The supernatant was collected after 
centrifuging at 12435 x g for 5 min at 4˚C and the protein 
concentration was measured using a bicinchoninic acid protein 
assay kit (Vazyme) according to the manufacturer's protocol. 
Equal amounts of protein were separated by 10% SDS‑PAGE 
and then transferred to a polyvinylidene difluoride membrane. 
The membranes were blocked with Tris‑buffered saline 
containing 0.1% Tween‑20 (TBST) and 5% skimmed milk at 
room temperature for 2 h. The primary antibodies, including 
anti‑JUNB (cat. no. ab128878; 1:1,000 dilution; Abcam) and 
anti‑VEGF (cat. no. ER30607; 1:1,000 dilution; Huabio) were 
incubated at 4˚C overnight. The internal control of proteins 
was α‑tubulin (cat. no. 10094‑1‑AP; 1:1,000 dilution; Beyotime 
Institute of Biotechnology, Inc.). The membranes were washed 
three times with TBST and incubated with horseradish peroxi-
dase (HRP)‑labeled goat anti‑rabbit IgG secondary antibodies 
(cat. no.  A0208; 1:1,000 dilution; Beyotime Institute of 
Biotechnology, Inc.) at room temperature for 1 h. The bands 
were visualized using Immobilon Western Chemiluminescent 
HRP Substrate (EMD Millipore). The results were analyzed 
by Image Lab 5.2.1 (Bio‑Rad Laboratories, Inc.) and each blot 
was performed at least three times.

ELISA. HUVECS (2.5x105  cells/well) were seeded into 
a six‑well plate and the medium was replaced with 1  ml 
serum‑free fresh medium at 24 h after transfection. After 
another 24 h, the supernatant was collected and centrifuged 
at 1,000 x g for 20 min at 4˚C to perform ELISA. The human 
VEGF ELISA kit (Elabscience) was used to detect the concen-
tration of VEGF according to the manufacturer's protocol.

Bioinformatics prediction and luciferase reporter assay. 
MicroRNA.org (www.microrna.org/microrna/; August 2010 
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release; last update, 1  November  2010; Species, human) 
was used to predict the putative targets of miR‑3133  (14). 
The wild‑type (WT) 3'‑UTR of JUNB containing predicted 
miR‑3133 binding sequences and the mutant (Mut) 3'‑UTR 
of JUNB were chemically produced by ABM Biotechnology 
Co., Ltd. The WT and Mut 3'UTR of JUNB were subcloned 
into the psiCHECK‑2 vector. HUVECs at 5x104 cells/well 
in 24‑well plates were co‑transfected with 0.5 µg reporter 
plasmid and miR‑3133 mimics or miR‑3133 mimics NC using 
hilymax reagent for 36 h, and cell lysates (Promega Corp.) 
were then prepared according to the manfacturer's instruc-
tions. Luciferase activity was measured with a dual‑Luciferase 

Reporter Assay System (Promega Corp.) and the activity was 
normalized to the Renilla luciferase gene.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation and analyzed with SPSS 20.0 (IBM Corp.). The 
two‑tailed Student's t‑test (two groups) or one‑way analysis 
of variance were used to evaluate the inter‑group differences. 
When comparing between any two means, the data satisfying 
the normality and the homogeneity of the variance were 
compared with the least significant differences t‑test, and 
otherwise, Dunnett's T3 test was used. P<0.05 was considered 
to indicate a statistically significant difference.

Figure 1. miR‑3133 mimics inhibited, whereas miR‑3133 inhibitor promoted the proliferation and angiogenesis of HUVECs. (A) RT‑qPCR analysis of 
miR‑3133 expression in HUVECs after transfection of miR‑3133 mimics or NC. (B) RT‑qPCR analysis of miR‑3133 expression in HUVECs after transfection 
of miR‑3133 inhibitor or NC. (C) CCK‑8 assay of HUVECs transfected with miR‑3133 mimics or NC. (D) CCK‑8 assay of HUVECs transfected with miR‑3133 
inhibitor or NC. (E) Tube formation of HUVECs transfected with miR‑3133 mimics, inhibitor or NC (magnification, x200). (F) The number of tubes formed 
(n=3/group). Values are expressed as the mean ± standard deviation. *P<0.05; **P<0.01 vs. the respective control. miR, microRNA; NC, negative control; 
HUVECs, human umbilical vein endothelial cells; CCK‑8, Cell Counting Kit‑8; RT‑qPCR, reverse transcription‑quantitative PCR.
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Results

miR‑3133 regulates the proliferation and angiogenesis of 
HUVECs. miR‑3133 mimics, inhibitor and their respective 

NCs were transfected into cells using the hilymax reagent. 
RT‑qPCR demonstrated that the mimics increased the levels 
of miR‑3133, whereas the inhibitor reduced the levels of 
miR‑3133 (Fig. 1A and B). The results of the CCK‑8 assay 

Figure 2. JUNB is a direct target of miR‑3133, whereas miR‑3133 inhibits the expression of JUNB and VEGF. (A) Putative hsa‑miR‑3133 binding and mutated 
sites in the 3'UTR of JUNB. (B) JUNB 3'UTR reporter activity in the presence of miR‑3133 mimics or mimics NC was measured by a luciferase assay and 
normalized to the activity of Renilla luciferase. (C) RT‑qPCR analysis of JUNB expression in HUVECs after transfection. (D) RT‑qPCR analysis of VEGF 
expression in HUVECs after transfection. (E and F) Western blot images and analysis of JUNB and VEGF, respectively. (G) ELISA of VEGF concentra-
tion in the supernatant. Values are expressed as the mean ± standard deviation. *P<0.05 and **P<0.01 vs. the respective NC. miR, microRNA; NC, negative 
control; HUVECs, human umbilical vein endothelial cells; RT‑qPCR, reverse transcription‑quantitative PCR; VEGF, vascular endothelial growth factor; hsa, 
Homo sapiens; wild, wild‑type; mut, mutant; UTR, untranslated region.
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indicated that, compared with their respective NCs, the 
miR‑3133 mimics attenuated the proliferation of HUVECs, 
whereas the miR‑3133 inhibitor promoted it (Fig. 1C and D). 
In addition, the tube formation assay demonstrated that 
the miR‑3133 mimics reduced the formation of tube‑like 
structures, whereas miR‑3133 inhibitor caused their stimula-
tion (Fig. 1E and F). Taken together, these results indicated 
that miR‑3133 suppresses proliferation and angiogenesis.

JUNB is a target gene of miR‑3133. MicroRNA.org was used to 
predict target genes of miR‑3133 to study the molecular mecha-
nism of miR‑3133. The mirSVR score and PhastCons score are 
the indicators in the miRanda evaluation. Genes with a lower 
mirSVR score and a higher PhastCons score were more likely 
to be a target gene of miR‑3133. The prediction result suggested 
that JUNB (mirSVR score=‑1.2373, PhastCons score=0.5511) 
was a potential target gene of miR‑3133 (Fig. 2A). Subsequently, 
a dual‑luciferase assay was performed, revealing that the lucif-
erase activity in cells cotransformed with miR‑3133 mimics 
and wild‑type JUNB was significantly reduced compared with 
that in cells cotransformed with miR‑3133 mimics and mutated 
JUNB. However, the luciferase activity in cells cotransformed 
with miR‑3133 mimics NC and wild‑type JUNB was not signifi-
cantly different compared with that in cells cotransformed with 
miR‑3133 mimics NC and mutant‑type JUNB (Fig. 2B).

miR‑3133 inhibits the expression of JUNB and VEGF in 
HUVECs. After transfection, the expression of JUNB and 
VEGF was detected at the mRNA and protein level by RT‑qPCR 
and western blot analysis, respectively. The results indicated 
that, compared with the respective NC, the expression levels of 
JUNB and VEGF were significantly decreased in the mimics 

group and were higher in the inhibitor group  (Fig. 2C‑F). 
In addition, ELISA was used to detect the secretion levels 
of VEGF after transfection, and the results suggested that, 
compared with the respective control group, the secretion of 
VEGF was reduced in the miR‑3133 mimics group and upreg-
ulated in the miR‑3133 inhibitor group (Fig. 2G). These results 
demonstrate that miR‑3133 is able to negatively regulate the 
expression of JUNB and VEGF.

Overexpression of JUNB promotes proliferation and angio-
genesis in HUVECs. The forced expression of JUNB in 
endothelial cells was previously reported to stimulate the 
formation of a tip‑like cell morphology and angiogenesis 
and induces VEGF expression (15‑17). In the present study, 
it was assessed whether JUNB has a role in the proliferation 
and angiogenesis of HUVECs. The JUNB overexpression 
plasmid (JUNBOE) was constructed and the empty vector 
(Cont) was used as a control. The expression of JUNB was 
detected using RT‑qPCR to determine whether the overexpres-
sion with JUNBOE was effective. The results indicated that, 
compared with the Cont group, JUNB was highly expressed 
in the JUNBOE group (Fig. 3A). The CCK‑8 assay was then 
used to detect cell proliferation after transfection and tube 
formation was evaluated by a tube formation assay. The results 
suggested that the proliferation of HUVECs in the JUNBOE 
group was higher than that in the Cont group at 24 h after 
transfection (Fig. 3B). In addition, the tube formation ability in 
the JUNBOE group increased compared with that in the Cont 
group (Fig. 3C and D).

JUNB positively regulates the expression and secretion of 
VEGF in HUVECs. The expression of VEGF at the mRNA 

Figure 3. JUNB overexpression promotes endothelial cell proliferation and angiogenesis. (A) Reverse transcription‑quantitative PCR analysis of JUNB 
expression in HUVECs after transfection of two plasmids (JUNBOE or Cont). (B) Cell Counting Kit‑8 assay of HUVECs transfected with JUNBOE or Cont. 
(C) Images of the tube formation of HUVECs transfected with JUNBOE or Cont (magnification, x200). (D) The number of tubes formed (n=3/group). Values 
are expressed as the mean ± standard deviation. *P<0.05; **P<0.01 vs. the respective control. Cont, control; HUVECs, human umbilical vein endothelial cells; 
JUNBOE, JUNB overexpression.
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and protein levels was assessed after transfection with 
JUNBOE or Cont to verify the role of JUNB in the regulation 
of VEGF. The results indicated that the mRNA (Fig. 4A) and 
protein expression levels (Fig. 4B‑D) of VEGF increased 
when JUNB was overexpressed. Furthermore, JUNB over-
expression induced the secretion of VEGF (Fig. 4E).

miR‑3133 reduces the proliferation and angiogenesis ability 
of HUVECs promoted by JUNB overexpression. miR‑3133 
mimics or miR‑3133 mimics NC was transfected into cells 
together with JUNBOE or Cont. A total of four groups 
were included in the experiment, namely mimics NC+Cont, 
mimics+Cont, mimics NC+JUNBOE and mimics+JUNBOE. 
The results of the CCK‑8 assay indicated that the mimics 
NC+JUNBOE group had the highest cell proliferation 
rate, whereas the mimics+Cont group had the lowest rate 
(Fig. 5A). In addition, in the tube formation assay, the number 
of tubular structures in the four groups exhibited the same 
trend (Fig. 5B and C). This result indicated that miR‑3133 

partially inhibited the positive regulation of proliferation and 
angiogenesis by JUNB.

miR‑3133 abrogates the induction of VEGF expression caused 
by overexpression of JUNB. VEGFA expression was detected 
at the mRNA and protein level by RT‑qPCR and western blot 
analysis, respectively. The results indicated that compared 
with the mimics NC+control group, the expression of VEGFA 
was markedly upregulated in the mimics NC+JUNBOE 
group, while it was decreased in the mimics+Cont group. 
Co‑transfection with mimics abrogated the effect of JUNBOE 
to upregulate VEGFA. Furthermore, JUNB was down-
regulated in the mimics+JUNBOE group compared with the 
mimics NC+JUNBOE group, which indicates that miR‑3133 
exerts its inhibitory effect on VEGFA expression via inhibiting 
the expression of JUNB (Fig. 6A‑C). In addition, the results 
of the ELISA revealed that, compared with the mimics+Cont 
group, the concentration of VEGFA secreted into the culture 
medium by HUVECs after cotransformation of miR‑3133 

Figure 4. JUNB positively regulates the expression and secretion of VEGF in HUVECs. (A) Reverse transcription‑quantitative PCR analysis of VEGF expres-
sion in HUVECs after transfection of two plasmids (JUNBOE or Cont). (B) Western blot image and quantitative analysis of (C) JUNB and (D) VEGF after 
transfection with JUNBOE or Cont, respectively. (E) ELISA of VEGF concentration in the supernatant after transfection with JUNBOE or Cont. Values are 
expressed as the mean ± standard deviation. *P<0.05 vs. the respective control. Cont, control; HUVECs, human umbilical vein endothelial cells; JUNBOE, 
JUNB overexpression; VEGF, vascular endothelial growth factor.
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and/or JUNBOE was markedly upregulated in the mimics 
NC+JUNBOE group (Fig. 6D).

Discussion

BCS is a blood reflux disorder caused by complete or incom-
plete obstruction of the hepatic vein outflow tract or inferior 
vena cava hepatic segment. Its clinical manifestations are 
mainly portal hypertension or inferior vena cava hyperten-
sion (18,19). From a global perspective, BCS is a rare disease, 
but a large number of cases are reported in relatively poor 
countries, including China, India, South Africa and Nepal, 
whereas relatively few cases are reported in Western coun-
tries  (20). BCS is a complex process involving numerous 
factors and the pathogenesis and epidemiology exhibit 
marked differences between China and Western coun-
tries (21). In China, MOVC is the most common type of BCS. 
However, the specific pathogenesis remains to be fully eluci-
dated. Therefore, the present study aimed to preliminarily 
assess the possible molecular mechanisms of the occurrence 
of MOVC.

Riemens et al  (22) reported that the inferior vena cava 
septum is composed of small pieces of fibrous tissue, which 
contain capillaries, and the surface is covered with endothe-
lial cells. The two surfaces of the membrane are composed 
of vascular endothelial tissues and membrane formation 
occurs due to endothelial damage (4,23). Therefore, abnormal 
proliferation and angiogenesis of HUVECs are the key factors 
involved in membranous formation.

Angiogenesis refers to the formation of new blood vessels 
by the development of existing capillaries or post‑capillary 
veins; it includes the following processes: Degradation of the 
vascular basement membrane; activation, proliferation and 
migration of vascular endothelial cells; and reconstruction of 
new blood vessels and vascular network (24).

Angiogenesis is a complex process that relies on the coor-
dination of angiogenic and inhibitory factors. Under normal 
circumstances, these factors are in equilibrium. Once this 
balance is broken, the vascular system is activated, causing 
excessive angiogenesis or inhibiting the vascular system to 
degenerate blood vessels. VEGF is a heparin‑binding angio-
genic growth factor displaying high specificity for vascular 

Figure 5. miR‑3133 inhibits the positive regulation of proliferation and angiogenesis by JUNB to a certain extent. (A) Cell Counting Kit‑8 assay of HUVECs 
after cotransformation of miR‑3133 and JUNBOE. (B) Images of the tube formation of HUVECs after cotransformation of miR‑3133 and JUNBOE (magni-
fication, x200). (C) The number of tubes formed (n=3/group). Values are expressed as the mean ± standard deviations. *P<0.05; **P<0.01 vs. mimics+Cont; 
##P<0.01 vs. mimics NC+JUNBOE. Cont, control; NC, negative control; HUVECs, human umbilical vein endothelial cells; JUNBOE, JUNB overexpression; 
miR, microRNA.
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endothelial cells and regulates proliferation, migration and 
angiogenesis (25‑27). As a key regulator to sustain endothelial 
function, VEGF correlates with the thrombus organization and 
modulates the function of vascular endothelial cells (25,26,28). 
In a preliminary study by our group, the plasma samples 
from nine patients with MOVC and five healthy control were 
analyzed (12). Analysis of these samples indicated that the 
serum concentration of VEGF in patients with MOVC was 
increased compared with that in subjects without BCS or any 
other types of BCS.

In the human genome, almost one‑third of the genes are 
thought to be regulated by miRNAs. miRNAs function as 
important endogenous regulators of gene expression and are 
thereby implicated in modulating various biological processes 
through complementary miRNA‑mRNA binding to form 
silencing complexes (25,29‑35). Recent evidence has indicated 
that the dysregulation of miRNA is involved in numerous 
pathological processes (36‑38), and miRNA inhibitors have 
been demonstrated to have tremendous therapeutic poten-
tial in a multitude of studies (39,40). Therefore, continuous 

exploration of the roles of miRNAs will provide possible 
therapeutic targets for MOVC.

A previous study by our group reported that a series of 
miRNAs was abnormally expressed in patients with MOVC (12). 
Among these miRNAs, miR‑3133 was significantly downregu-
lated. Thus, in the present study, miR‑3133 mimics, mimics NC, 
inhibitor and inhibitor NC were individually transfected into 
HUVECs to detect the association between miR‑3133 and 
processes of septum formation. A subsequent CCK‑8 assay 
demonstrated that miR‑3133 mimics attenuated the proliferation 
HUVECS, whereas miR‑3133 inhibitor promoted the prolifera-
tion as compared with the respective NC. In addition, the tube 
formation assay demonstrated that miR‑3133 mimics reduced, 
whereas miR‑3133 inhibitor stimulated the formation of tube‑like 
structures by HUVECs. Taken together, miR‑3133 has an inhibi-
tory role in the proliferation and angiogenesis of HUVECs.

The results of MicroRNA.org and a dual‑Luciferase 
reporter assay proved that JUNB was a target gene of miR‑3133. 
Furthermore, miR‑3133 was able to negatively regulate JUNB 
and VEGF at the mRNA and protein level. In addition, ELISA 

Figure 6. miR‑3133 partially inhibits the effect of JUNB on the expression and secretion of VEGF. (A) Reverse transcription‑quantitative PCR analysis of 
VEGF expression in human umbilical vein endothelial cells after cotransformation of miR‑3133 and JUNBOE. (B and C) Western blot images and analysis 
of VEGF after cotransformation of miR‑3133 and JUNBOE. (D) ELISA of VEGF concentration in the supernatant after cotransformation of miR‑3133 and 
JUNBOE. Values are expressed as the mean ± standard deviation. *P<0.05; **P<0.01 vs. mimics+Cont; ##P<0.01 vs. mimics NC+JUNBOE. Cont, control; 
NC, negative control; HUVECs, human umbilical vein endothelial cells; JUNBOE, JUNB overexpression; miR, microRNA.
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demonstrated that the secretion of VEGF by HUVECs was 
reduced following transfection with miR‑3133 overexpression 
vector. Yoshitomi et al (15) and Ryzhov et al (41) proved that 
JUNB not only positively regulates VEGF at the mRNA and 
protein level but also promotes VEGF secretion. The prolif-
erative and angiogenic capacity of cells was enhanced when 
JUNB was overexpressed. The inhibitory effects of miR‑3133 
mimics on the proliferation and angiogenic capacity were 
abrogated by co‑transfection with JUNB, which indicated that 
miR‑3133 inhibited the expression of JUNB so that it could not 
exert its role in promoting proliferation and angiogenesis and 
reduced the expression and secretion of VEGF.

In conclusion, the present study indicated that miR‑3133 
regulated the angiogenesis potential of HUVECs through the 
JUNB/VEGF pathway, and may have an important role in 
membrane formation as a key pathogenic process of MOVC. 
However, this is only a possible mechanism. In order to further 
validate the angiogenic role of miR‑3133 in MOVC in future 
studies, it will be attempted to examine pathological HUVECs, 
plasma samples and their corresponding clinical features to study 
the expression levels of miR‑3133 in pathological HUVECs and 
the association between miR‑3133 and the disease severity.
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