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Abstract. MicroRNA (miR)‑140‑5p is associated with the 
growth and metastasis of various tumor cell types, yet its 
role in multiple myeloma (MM) remains unclear. Therefore, 
the present study aimed to investigate the regulatory effect of 
miR‑140‑5p on MM. Reverse transcription‑quantitative PCR 
analysis demonstrated that miR‑140‑5p was downregulated 
in MM cell lines, particularly in U266 and RPMI 8226 cells. 
A Cell Counting Kit‑8, wound healing and Transwell assays, 
as well as flow cytometry indicated that a miR‑140‑5p mimic 
could suppress cell viability, migration and invasion. In 
addition, the mimic promoted apoptosis of U266 and RPMI 
8226 cells. Western blot data demonstrated that transfection 
with miR‑140‑5p mimic significantly reduced the expression 
levels of Ki‑67, cyclin D1, vimentin, Snail, matrix metal‑
loproteinase (MMP)‑2 and MMP‑3. Moreover, as predicted 
by TargetScan7.2 and verified by luciferase activity assay, it 
was demonstrated that vascular endothelial growth factor A 
(VEGFA) was targeted by miR‑140‑5p. Further experiments 
indicated that VEGFA overexpression promoted cell viability, 
migration and invasion and suppressed apoptosis of MM cells, 
and that the miR‑140‑5p mimic partially reversed the effects 
of VEGFA overexpression. Therefore, miR‑140‑5p suppressed 
MM progression by targeting VEGFA. The present findings 
provide insight into potential therapeutic strategies for the 
treatment of MM.

Introduction

Multiple myeloma (MM) is a type of hematological malig‑
nancy characterized by malignant clonal hyperplasia of plasma 
cells in the bone marrow, often resulting in susceptibility to 
infection, impaired renal function, anemia and hypercal‑
cemia (1). According to research statistics, the incidence of 
MM is the second highest to non‑Hodgkin's lymphoma (2), 
and the incidence of MM accounts for ~13% of all hemato‑
logical tumors (3). With the development of molecular biology 
technology, progress has been made in broadening the under‑
standing of MM pathogenesis and in the development of new 
drugs (4). In particular, gene‑targeted therapy has long been 
the focus of the study and treatment of cancer (5). However, 
there are no curative therapies for MM. It is therefore urgent 
to develop new and more effective treatment methods (6,7). 
Therefore, further understanding of the molecular mechanism 
underlying MM progression may provide new insight into the 
development of novel therapeutic strategies.

MicroRNAs (miRNAs) are non‑coding small RNAs 
~22 nucleosides in length, which serve important roles in the 
regulation of gene expression (8). miRNAs participate in regula‑
tion of gene expression by directly binding to the 3'‑untranslated 
region (UTR) of specific target genes, thereby affecting cell 
differentiation, development, apoptosis, proliferation and other 
biological activities (9‑11). Recent evidence has indicated that 
miRNAs are dysregulated in several types of tumor and could 
modulate tumor progression (12,13). For instance, previous 
studies demonstrated that miR‑450a inhibited the metastasis of 
ovarian cancer cells (14), and that miR‑365‑3p could promote 
metastasis, cancer stem cell‑like properties and drug resistance 
in oral squamous cells (15). Moreover, miR‑140‑5p is consid‑
ered a tumor suppressor for various types of tumor, including 
in retinoblastoma and ovarian cancer (16‑18). Another previous 
study also indicated that miR‑140‑5p upregulation could inhibit 
autophagy and chemoresistance of myeloma cells (16). However, 
whether miR‑140‑5p regulates the growth and metastasis of 
MM remains unknown.

Vascular endothelial growth factor A (VEGFA) is a key 
regulator of tumor growth. As a result, VEGFA represents a 
potential therapeutic target in cancer treatment (19). Integrated 
genomic analysis indicated that VEGFA was commonly 
overexpressed in adenocarcinoma (20). Notably, VEGFA 
expression is correlated with the survival of patients with MM; 
for instance patients whose MM cells express low levels of 
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VEGFA have the longest survival (21). VEGFA is the target 
of multiple miRNAs, such as miR‑29c in lung adenocarci‑
noma (22), and miR‑199a‑5p in endometrial mesenchymal 
stem cells (23). A previous study demonstrated that miR‑16 
targeted a large number of downstream target genes, including 
VEGFA in MM (24). However, whether miR‑140‑5p can also 
target VEGFA in MM is unclear.

Therefore, the aim of the present study was to explore 
the function served by miR‑140‑5p in MM and to determine 
whether the potential tumor suppressive effects of miR‑140‑5p 
in MM are mediated through VEGFA.

Materials and methods

Cell culture. Human normal plasma cells were separated from 
the peripheral blood of three men and three women with a 
median age of 47 years using flow cytometry (25). All donors 
were healthy volunteers who had not previously received any 
drugs associated with immunological diseases. The blood 
(2 ml/person) was collected at the Jingzhou Central Hospital 
between 2016.03 and 2017.03. Informed consent was provided 
by all volunteers, and the present study was approved by the 
Ethics Committee of Jingzhou Central Hospital (approval 
no. JCH20150608EZ023). Briefly, peripheral blood mononu‑
clear cells were separated by Ficoll®‑Hypaque centrifugation 
from peripheral blood. Plasma cells were isolated from mono‑
nuclear blood cells using CD138 microbeads (Miltenyi Biotec, 
Inc.) according to the manufacturer's instructions (26). The 
isolated plasma cells were then cultured. The RPMI 8226, 
OPM2, U266 (TIB‑196), H929, MM1.S and KMS11 MM 
cell lines were purchased from the American Type Culture 
Collection. RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) containing 10% fetal bovine serum (Gibco; 
Thermo Fisher Scientific, Inc.) and 1% dual antibiotics (peni‑
cillin 100 U/ml; streptomycin 0.1 mg/m1; Sigma‑Aldrich; 
Merck KGaA) was used to culture all cells at 37˚C with 5% 
CO2.

Transfection. The RPMI 8226 and U266 cell lines were 
used for transfection experiments, since these two cell lines 
displayed low miR‑140‑5p expression. Cells were seeded 
on a 6‑well plate at a density of 1x106 cells/ml and cultured 
overnight at 37˚C. The next day, cells were transfected with 
miR‑140‑5p mimic or a VEGFA overexpression plasmid. A 
total of 100 pmol of the miR‑140‑5p mimic (sense: 5'‑ACC 
AUA GGG UAA AAC CAC UGU U‑3'), mimic control (5'‑UUG 
UAC UAC ACA AAA GUA CUG‑3'), VEGFA overexpression 
plasmid (VEGFA‑pcDNA3.1) and VEGFA negative control 
(NC) were synthesized by Sangon Biotech Co., Ltd.. The 
miR‑140‑5p mimic, VEGFA‑pcDNA3.1 plasmid or their 
respective controls (100 pmol), were then dissolved in 50 µl 
Opti‑MEM (HyClone; GE Healthcare Life Sciences). In addi‑
tion, 1 µl Lipofectamine® 2000 (Invitrogen; Thermo Fisher 
Scientific, Inc.) transfection reagent was then separately 
diluted in 50 µl DMEM, then incubated for 5 min at room 
temperature. After incubation, the nucleic acid was mixed 
with the diluted Lipofectamine® and the mixture was added 
to the cells. Cells were cultured at 37˚C with 5% CO2 and the 
medium was replaced after 24 h. Then, 72 h after changing the 
medium, the cells were harvested for subsequent experiments.

Luciferase activity assay. The VEGFA 3'‑UTR containing 
putative miR‑140‑5p binding sites was inserted into a pmirGLO 
dual luciferase vector (Promega Corporation) to generate 
wild‑type (WT) pmirGLO‑VEGFA. The mutant (MUT) 
3'‑UTR of VEGFA was inserted into the pmirGLO luciferase 
reporter vector at the XhoI/XbaI sites. RPMI 8226 and U266 
cells were co‑transfected with pmirGLO vector containing the 
WT or MUT VEGFA 3'‑UTR and miR‑140‑5p mimic using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). After incubation for 48 h (27), relative luciferase activity 
in the cells was assessed using the Dual‑Luciferase Reporter 
Assay kit (Promega Corporation), according to the manufac‑
turer's protocol. The Renilla luciferase activity was used for 
reference.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
RNA was extracted from cells using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). The concentration 
of RNA was measured using a NanoDrop™ spectrophotom‑
eter (Thermo Fisher Scientific, Inc.), then diluted to 500 ng/µl. 
For reverse transcription, 1 µg total RNA was converted into 
cDNA using the Superscript II First‑Strand cDNA Synthesis 
kit (Invitrogen; Thermo Fisher Scientific, Inc.). The mRNA 
expression levels were determined with SYBR‑Green PCR 
Master Mix (Thermo Fisher Scientific, Inc) using the 7500 
Real‑Time PCR system (Thermo Fisher Scientific, USA). The 
thermocycling conditions were as follows: i) Initial denatur‑
ation at 95˚C for 1 min; ii) 40 cycles at 95˚C for 30 sec, 58˚C 
for 20 sec, and 70˚C for 20 sec; and iii) a final extension at 
72˚C for 7 min. The samples were then maintained at 4˚C. The 
expression levels in the RT‑qPCR products were determined 
using the 2‑ΔΔCq method (28). All primer sequences are listed 
in Table I.

Cell viability detection. Cells were seeded into a 96‑well plate 
(4x104), and 10 µl Cell Counting Kit‑8 (CCK‑8; cat. no. 96992, 
Sigma‑Aldrich, Merck KGaA) solution was added into each 
well. Cells were then incubated for 4 h at 37˚C. Absorbance 
was read at 450 nm using a Multiskan GO multiplate reader 
(Thermo Fisher Scientific, Inc.) Data were recorded as the 
average of triplicate wells for each condition.

Cell apoptosis. Cells were harvested 24 h after transduction 
and re‑suspended at 1x106 cells/ml in 1X Annexin binding 
buffer (cat. no. 422201; BioLegend, Inc.). Next, 5 µl of fluo‑
rescein isothiocyanate (FITC)‑conjugated Annexin V (cat. 
no. C1062S, Beyotime Institute of Biotechnology) and 1 µl of 
100 µg/ml propidium iodide (cat. no. P1304MP; Thermo Fisher 
Scientific, Inc.) solution in 300 µl 1X Annexin binding buffer 
were added to the cell suspension for 15 min at room tempera‑
ture. Stained samples were acquired using a FACSCalibur 
flow cytometer (BD Biosciences) and analyzed using FlowJo 
version 10.0 (FlowJo LLC).

Wound healing assay. Transfected cells were plated at a 
density of 5x105 cells/well on a 6‑well plate. Cells were 
allowed to adhere to the surface of the well for 24 h, then, a 
uniform‑width scratch was quickly made on the cell layer. The 
suspended cells were removed, and the remainder was cultured 
at low serum concentration (1%). Cell migration across the 
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scratch was recorded at 0 and 48 h (light microscope; magnifi‑
cation, x100), and the migration distance was measured using 
ImageJ software version 1.8.0 (National Institutes of Health). 
To eliminate the differences in initial width at 0 h among the 
different experimental groups, a relative migration rate was 
calculated as (0 h scratch width‑48 h scratch width)/0 h scratch 
width x 100%. In order to ensure that the same location was 
observed at 0 and 48 h, a cross symbol was drawn at within 
the scratches and images obtained at both time‑points were 
aligned with these signs.

Transwell Matrigel™ assay. Cells were harvested 24 h after 
transfection and re‑suspended in FBS‑free medium at a 
concentration of 1x106 cells/ml. The cell suspension was then 
added into the upper chamber of Transwell plates (Corning 
Inc.) pre‑coated with Matrigel™ (Thermo Fisher Scientific, 
Inc.). Medium containing 10% FBS serum was added into the 
lower chamber. After a 24‑h incubation at 37˚C, the migra‑
tory cells were stained using 0.5% crystal violet at room 
temperature for 15 min, while those remaining in the upper 
chamber were removed using a cotton swab. Invading cells 
were counted under a light microscope, magnification x200.

Western blotting. Total protein was extracted from cells 
using RIPA buffer (cat. no. 9806; Cell Signaling Technology, 
Inc.) then boiled for 5 min at 100˚C for denaturation. Protein 
concentration was examined using bicinchoninic acid Assay 
kit (Thermo Fisher Scientific, Inc.). Proteins (20 µg/lane) were 
then separated using 12% SDS‑PAGE, and then transferred 
to polyvinylidene fluoride membranes (EMD Millipore). The 
membranes were blocked with 5% milk at room temperature 
for 1 h. The blots were then probed with primary antibodies 
against Ki‑67 (rabbit; 1:1,000; product code ab16667), 
cyclin D1 (rabbit; 1:1,000; product code ab16663), vimentin 
(rabbit; 1:1,000; product code ab193555), Snail (rabbit; 1:1,000; 
product code ab229701), matrix metalloproteinase (MMP)‑2 
(rabbit; 1:1,000; product code ab215986), MMP3 (rabbit; 
1:1,000; product code ab52915) and GAPDH (rabbit; 1:2,000; 
product code ab181602) at 4˚C overnight. All primary anti‑
bodies were obtained from Abcam. The membranes were then 
washed with PBS three times, then incubated with a horse‑
radish peroxidase‑conjugated Goat Anti‑Rabbit IgG (H+L) 
secondary antibody (cat. no. SA00001‑2; 1:2,000; ProteinTech 

Group, Inc.) at 37˚C for 2 h. The protein bands were detected 
using the ECL western blotting kit (cat. no. 93‑K820‑500, Multi 
Sciences; http://www.liankebio.com/index.html) and analyzed 
using ImageJ version 4.7 (National Institutes of Health).

Statistical analysis. Statistical analysis was carried out using 
GraphPad Prism version 6.01 (GraphPad Software, Inc.). Data 
are presented as the mean ± SD of at least three independent 
experiments. Student's t‑test was used for pairwise compari‑
sons between the means of continuous variables. Multi‑group 
comparisons were carried out using ANOVA, followed by 
Bonferroni correction. P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑140‑5p expression in MM cell lines and its effect on 
the viability and apoptosis of MM cells. The expression 
of miR‑140‑5p in MM cells was significantly lower than 
in normal plasma cells (P<0.001; Fig. 1A). The U266 and 
RPMI 8226 cells were transfected with a miR‑140‑5p mimic, 
resulting in a significant increase in miR‑140‑5p expression, 
compared with the mimic control and blank control cells 
(P<0.001; Fig. 1B). Moreover, overexpression of miR‑140‑5p 
significantly decreased the viability of U266 and RPMI 8226 
cells over time (P<0.001; Fig. 1C and D). Transfection with the 
miR‑140‑5p mimic also resulted in a significant increase in 
cell apoptosis (P<0.001; Fig. 1E and F).

Effects of miR‑140‑5p overexpression on the migration 
and invasion of MM cells. In order to evaluate cell migra‑
tion in U266 and RPMI 8226 cells following transfection 
with miR‑140‑5p, a wound healing assay was carried out. 
Overexpression of miR‑140‑5p significantly inhibited cell 
migration, compared with the mimic control and blank cells 
(P<0.001; Fig. 2A and B). A Transwell Matrigel™ assay was 
also performed to assess cell invasion. Transfection with 
miR‑140‑5p resulted in significant inhibition of cell invasion, 
compared with the mimic control and blank cells (P<0.001; 
Fig. 2C and D).

Effects of miR‑140‑5p overexpression on the expression levels 
of genes related to proliferation, migration and invasion. To 

Table I. Primers used for reverse transcription‑quantitative PCR.

Target Primer sequence Species

miR‑140‑5p  Forward, 5'‑GAGTGTCAGTGGTTTTACCCT‑3'
 Reverse, 5'‑GCAGGGTCCGAGGTATTC‑3' Human
VEGFA Forward, 5'‑GGCCTCCGAAACCATGAACT‑3'
 Reverse, 5'‑TCGTGATGATTCTGCCCTCC‑3' Human
U6 Forward, 5'‑TGACTTCCAAGTACCATCGCCA‑3'
 Reverse, 5'‑TTGTAGAGGTAGGTGTGCAGCAT‑3' Human
GAPDH Forward, 5'‑GGTGAAGGTCGGAGTCAACG‑3'
 Reverse, 5'‑CAAAGTTGTCATGGATGTACC‑3' Human

miR, microRNA; VEGFA, vascular endothelial growth factor A.
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Figure 1. miR‑140‑5p overexpression affects the viability and apoptosis of MM cells. (A) RT‑qPCR was used to detect the expression of miR‑140‑5p in MM 
cell lines and nPCs. n=3. **P<0.001, vs. nPCs. (B) Transfection efficiency of miR‑140‑5p in U266 and RPMI 8226 cell lines was detected by RT‑qPCR. U6 
was the internal reference. (C and D) Cell Counting Kit‑8 was used to evaluate the effect of miR‑140‑5p transfection on cell viability. (E and F) Cell apoptosis 
was detected by flow cytometry. n=3. *P<0.05, **P<0.001, vs. Blank; #P<0.05, ##P<0.001, vs. MC. MM, multiple myeloma; miR, microRNA; MC, mimic 
control; M, mimic; nPCs, normal plasma cells; RT‑qPCR, reverse transcription‑quantitative PCR; OD, optical density; PI, propidium iodide; FITC, fluorescein 
isothiocyanate.



MOLECULAR MEDICINE REPORTS  23:  53,  2021 5

determine the mechanism of miR‑140‑5p in MM cells, western 
blot assays were performed to determine the expression levels 
of proteins related to the proliferation, migration and invasion 
of U266 and RPMI 8226 cells. After miR‑140‑5p mimic had 
been transfected into the U266 and RPMI 8226 cells, the 
results revealed that overexpressed miR‑140‑5p inhibited the 
expression levels of Ki‑67, cyclin D1, vimentin, Snail, MMP2 
and MMP3 in U266 cells (P<0.001, Fig. 3A‑D).

VEGFA directly targets miR‑140‑5p in MM cell lines. 
TargetScan software predicted that VEGFA was the potential 

target gene of miR‑140‑5p (Fig. 4A). Furthermore, pmirGLO 
dual luciferase reporter vectors containing VEGFA‑WT 
or VEGFA‑MUT 3‑UTR sequences were constructed, and 
co‑transfected with miR‑140‑5p mimic into MM cell lines. 
Relative luciferase activity following co‑transfection with 
VEGFA‑WT and mimic significantly decreased, compared 
with the blank, while VEGFA‑MUT had no effect (P<0.001, 
Fig. 4B). Moreover, transfection VEGFA‑pcDNA3.1 
increased VEGFA expression following U266 and RPMI 
8226 cell transfection. However, co‑transfection of 
VEGFA‑pcDNA3.1 with the miR‑140‑5p mimic significantly 

Figure 2. Continued.
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reduced VEGFA expression, compared with transfection with 
VEGFA‑pcDNA3.1 alone (P<0.001; Fig. 5A and B).

Effects of miR‑140‑5p on viability and apoptosis of MM cell 
lines by targeting VEGFA. VEGFA overexpression led to a 
significant increase in cell viability. However, co‑transfection 
of VEGFA‑pcDNA3.1 with the miR‑140‑5p mimic signifi‑
cantly reduced cell viability, compared with transfection with 
VEGFA‑pcDNA3.1 alone (P<0.001; Fig. 5C and D). Moreover, 
apoptosis was significantly reduced following VEGFA over‑
expression, but increased following co‑transfection with by 
VEGFA‑pcDNA3.1 and the miR‑140‑5p mimic (P<0.001, 
Fig. 5E‑G).

Effects of miR‑140‑5p and VEGFA on the migration and inva‑
sion of MM cell lines. MM cell lines were transfected with 
VEGFA‑pcDNA3.1, alone or with miR‑140‑5p mimic into the 
cells, and cell migration and invasion were assessed. VEGFA 
overexpression promoted cell migration, compared with blank 
cells. However, co‑transfection with VEGFA‑pcDNA3.1 and 
miR‑140‑5p mimic reduced the migration rate, compared with 
VEGFA overexpression alone (P<0.001; Fig. 6A‑D). Moreover, 
overexpression of VEGFA was also promoted cell invasion, 
but this effect was reversed following co‑transfection with the 
miR‑140‑5p mimic (P<0.001, Fig. 6E‑G).

Discussion

MM often results in susceptibility to infection, impaired renal 
function, anemia and hypercalcemia, which severely impacts 
on patient quality of life (29,30). To date, the pathogenesis 
of MM remains unclear, and specific treatment avenues 
for MM are still the focus of research (31). Previous studies 
have indicated that miRNAs are aberrantly expressed in 
different types of tumor, and that these molecules could act 
as tumor suppressor genes through genetic regulation of 
cell proliferation, migration, cell cycle and differentiation 
during tumorigenesis (12,32). For instance, previous studies 
demonstrated that miR‑196‑b‑5p and miR‑99‑a‑5p served 
important roles in the regulation of autophagy and apoptosis 
of MM cells (33), while miR‑125‑b and miR‑34a affected their 
viability (34). Moreover, miR‑720, miR‑1246, miR‑16 and 
miR‑25 could serve as biological markers in MM prognostic 
evaluation (35,36). Therefore, miRNA function represents an 
important research area in the study of MM pathogenesis.

miR‑140‑5p is a newly discovered small‑molecule coding 
RNA. Previous studies indicated that miR‑140‑5p played 
an important regulatory role in human gastric cancer (37), 
glioma (38) and non‑small cell lung cancer (39). Another study 
demonstrated that miR‑140‑5p could regulate vitamin D levels 
by targeting MAPK, which provided new insight into the 

Figure 2. Effects of miR‑140‑5p overexpression on the migration and invasion of MM cells. (A and B) Cell migration was evaluate using a wound healing assay. 
Scale bar, 200 µm. Magnification, x100. (C and D) Cell invasion was assessed using a Transwell Matrigel™ assay. Scale bar, 50 µm. Magnification, x200. n=3. 
**P<0.001, vs. Blank; ##P<0.001, vs. MC. miR, microRNA; MM, multiple myeloma; MC, mimic control; M, mimic.
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Figure 3. Effects of miR‑140‑5p overexpression on the expression of genes related to proliferation, migration and invasion. (A and B) Western blotting was 
performed to detect the expression levels of Ki‑67, cyclin D1, vimentin, Snail, MMP2 and MMP3 in U266 cells. (C and D) Western blotting was used to 
detect the expression levels of Ki‑67, cyclin D1, vimentin, Snail, MMP2 and MMP3 in RPMI 8226 cells. n=3. **P<0.001, vs. Blank; ##P<0.001, vs. MC. miR, 
microRNA; MC, mimic control; M, mimic; MMP, matrix metalloproteinase.

Figure 4. VEGFA directly targets miR‑140‑5p in MM cell lines. (A) Targetscan7.2 was used to predict the possible target genes for miR‑140‑5p. (B) Dual 
luciferase reporter assay was used to detect the fluorescence activity of VEGFA in overexpressed miR‑140‑5p. n=3. **P<0.001, vs. Blank. VEGFA, vascular 
endothelial growth factor A; miR/miRNA, microRNA; MM, multiple myeloma; MC, mimic control; M, mimic; UTR, untranslated region; WT, wild‑type; 
MUT, mutant.
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treatment of bone diseases (40). In addition, miR‑140‑5p could 
be involved in autophagy and drug resistance mechanisms 
in MM (41). However, the specific role of miR‑140‑5p in the 

occurrence and development of MM still remains unclear. Thus, 
the present study aimed to explore the role of miR‑140‑5p in 
MM.

Figure 5. Effects of miR‑140‑5p and VEGFA the on viability and apoptosis of MM cell lines. (A and B) Reverse transcription‑quantitative PCR was used to 
detect the expression of VEGFA in U266 and RPMI 8226 cells. GAPDH was the internal reference. (C and D) Cell Counting Kit‑8 was used to assess the effect 
of VEGFA and miR‑140‑5p on cell viability. (E‑G) Cell apoptosis was evaluated using flow cytometry. n=3. *P<0.05, **P<0.001, vs. Blank; #P<0.05, ##P<0.001, 
vs. NC; ^^P<0.001, vs. VEGFA, ΔΔP<0.001, vs. mimic + NC. VEGFA, vascular endothelial growth factor A; miR, microRNA; MM, multiple myeloma; 
M, mimic; NC, negative control; OD, optical density; PI, propidium iodide; FITC, fluorescein isothiocyanate.
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miR‑140‑5p is significantly downregulated in gastric 
cancer (37) and breast cancer (42), compared with normal 
tissues. Similarly, in the present study, the expression 

of miR‑140‑5p in MM cell lines was significantly lower 
than in normal plasma cells. In a previous study, high 
miR‑140‑5p expression promoted cell viability of human 

Figure 6. Effects of miR‑140‑5p and VEGFA on migration and invasion of MM cell lines. (A and B) U266 cell migration was measured using a wound healing 
scratch assay. (C and D) RPMI 8226 cell migration was measured using a wound healing assay. Scale bar, 200 µm. Magnification, x100. (E‑G) Cell invasion 
was detected using a Transwell Matrigel™ assay. Scale bar, 50 µm. Magnification, x200. n=3. **P<0.001, vs. Blank; ##P<0.001, vs. NC; ^^P<0.001, vs. VEGFA, 
ΔΔP<0.001, vs. mimic + NC. MiR, microRNA; VEGFA, vascular endothelial growth factor A; MM, multiple myeloma; M, mimic; NC, negative control.
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osteosarcoma cells decreased by tumor drugs (43), and 
overexpressing miR‑140‑5p could promote apoptosis in 
chronic myeloid leukemia (44). Furthermore, the migration 
and invasion of lung cancer cells significantly decreased 
following miR‑140‑5p overexpression (39). In the present 
study, MM cell lines were transfected with a miR‑140‑5p 
in order to further investigate the biological effects of 
miR‑140‑5p overexpression on MM. miR‑140‑5p overex‑
pression significantly reduced the viability and migration 
of MM cells, while increasing apoptosis. These results 
indicated that miR‑140‑5p could regulate MM progression, 
and that overexpression of miR‑140‑5p inhibited the devel‑
opment of MM.

miRNAs are known to bind to the 3'‑UTR of specific 
target genes to jointly regulate tumorigenesis and tumor 
development (10). miR‑140‑5p binds several target genes and 
regulates the progression of numerous diseases. For example, 
miR‑140‑5p inhibited the growth of ovarian cancer by targeting 
platelet‑derived growth factor receptor α (17). In addition, 
miR‑140‑5p could also promote proliferation and inhibit apop‑
tosis of human pulmonary artery smooth muscle cells during 
hypoxia by targeting DNA methyltransferase 1 (45). Based on 
these previous findings, it was determined that miR‑140‑5p 
bound to a gene to jointly regulate the disease progression 
of MM. Targetscan7.2 software predicted that VEGFA was 
a possible target gene for miR‑140‑5p, and a dual luciferase 
assay also indicated that VEGFA interacted with miR‑140‑5p 
directly. Moreover, transfection with a VEGFA overexpres‑
sion plasmid along with a miR‑140‑5p mimic confirmed that 
miR‑140‑5p overexpression could inhibit the expression of 
VEGFA in MM cells.

VEGFA can increase microvascular permeability, and 
promote the proliferation, vascular construction and the 
migration of endothelial cells from different tissues (46). 
The VEGFA signaling pathway is an important target for the 
inhibition of tumor angiogenesis (47). Studies demonstrated 
that miR‑140‑5p could inhibit cell proliferation, migration 
and invasion of lung cancer and colorectal cancer cells by 
targeting VEGFA (48,49). In the present study, overexpres‑
sion of VEGFA could promote cell viability, invasion and 
migration, and inhibit cell apoptosis. Moreover, miR‑140‑5p 
overexpression partially reversed this effect and promoted 
cell viability, migration and invasion, while suppressing apop‑
tosis. Consistent with previous studies, these results indicated 
that miR‑140‑5p could regulate MM progression through 
VEGFA (48).

In conclusion, the present study demonstrated that 
miR‑140‑5p suppressed MM progression by targeting VEGFA, 
and suggests that miR‑140‑5p could be a potential therapeutic 
target for the treatment of MM. However, a limitation of the 
present study was the lack of animal experiments and thus 
these results require further validation in vivo.
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