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Abstract. Upregulation of the Big mitogen‑activated protein 
kinase (BMK)1 has been reported in glioma and other epithe-
lial tumors. In addition, the decreased expression of BMK1 
inhibits tumorigenesis, leading to the broad consensus that it 
functions as cell‑autonomous epithelial tumor promoter. Using 
two online miRNA target prediction databases, microRNA 
(miR)‑143 was predicted as the potential miRNA regulator 
of BMK1. RNA immunoprecipitation analysis and Luciferase 
reporter assay showed that miR‑143 binds to the 3' untrans-
lated region of BMK1. Notably, the expression of miR‑143 has 
a strong association with the World Health Organization grade 
and survival rates in patients with glioma by statistical anal-
ysis. Furthermore, miR‑143 inhibited glioma cells migration 
and invasion through cytoskeletal rearrangement in vitro and 
in vivo through matrigel invasion assay, scratch assay, cellular 
F‑actin measurement, chemotaxis assay and intracranial brain 
tumor xenografts. Finally, DNA methylation assay showed that 
the downregulation of miR‑143 was due to hypermethylation 
of its promoter region. These results reveal that miR‑143 repre-
sents a potential therapeutic target in glioma by modulating 
BMK1.

Introduction

Glioma is the most common primary malignant tumor of the 
central nervous system in adults. Despite modern diagnosis 
and treatment, prognosis of the disease remains poor, with 
the median survival time ranging from 12‑14 months  (1). 
The local tissue destruction caused by the invasion of glioma 
cells within the brain is often lethal. This is the cause of high 

morbidity and mortality of malignant glioma (2,3). Identifying 
novel molecules that can repress the invasiveness and metas-
tasis of glioma cells will facilitate the development of novel 
anti‑glioma strategies.

Big mitogen‑activated protein kinase 1 (BMK1) is a newly 
identified member of the mitogen‑activated protein (MAP) 
kinase family (4). In our previous research, it was demonstrated 
that BMK1 was upregulated and associated with invasion 
in glioma (5). Furthermore, BMK1 is also overexpressed in 
melanoma (6) and hepatocellular carcinoma (7). However, the 
role of BMK1 in the molecular pathogenesis of glioma remains 
largely unknown.

MicroRNAs (miRNA/miRs) are a class of small, noncoding 
single‑stranded RNAs that modulate gene expression at the 
post‑transcriptional level (8). Notably, previous studies have 
shown that miRNAs serve a similar role to oncogenes or tumor 
suppressors by regulating the signaling pathways involved by 
the target gene and by regulating the formation and develop-
ment of tumors (9,10). miRNAs downregulate gene expression 
by binding to the 3'‑untranslated regions (UTRs) of the target 
mRNAs  (8,11). A single miRNA may have hundreds of 
target genes that regulate about 200 protein‑coding genes. 
In terms of the number of confirmed miRNAs, they regulate 
the expression of ~one‑third of the protein‑coding genes (12). 
Additionally, previous studies provide evidence that certain 
miRNAs can function as potential biomarkers for cancer diag-
nosis, progression, and response to treatment (13,14).

miR‑143 is located on chromosome 5 position 33 in the 
human genome. This miRNA is highly expressed in the colon 
and is consistently reported as being downregulated in the 
colorectal adenocarcinoma  (15). Subsequent studies have 
confirmed that miRNA‑143 inhibits cell proliferation, invasion 
and metastasis by regulating multiple target genes (16‑18). Of 
particular interest to us, similar findings have been reported 
in pancreatic cancer, breast cancer, and other solid tumors of 
epithelial origin (19,20). However, the functions of miR‑143 
in the glioma that underlie their presumed tumor suppressor 
activity have not been investigated.

The purpose of the present study was to explore the asso-
ciation between BMK1 and miR‑143. In the present study, 
it was demonstrated that miR‑143 acts as a novel BMK1 
inhibitor that is a valuable prognostic marker for patients with 
glioma. The in vitro and in vivo results indicate that miR‑143 
is significantly involved in glioma invasion and metastasis and 
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the expression of miR‑143 is repressed by methylation of its 
promoter. The present study may provide a therapeutic target 
molecule for malignant glioma infiltration.

Materials and methods

Cell culture and reagents. The human cell lines U87 and HEB 
were obtained from the American Type Culture Collection 
(Manassas, VA, USA) and were cultured in Roswell Park 
Memorial Institute medium (RPMI)‑1640 (HyClone; 
GE  Healthcare, Chicago, IL, USA), supplemented with 
10% fetal bovine serum (FBS; HyClone; GE Healthcare) and 
100 µg/ml penicillin/streptomycin in a humidified atmosphere 
of 37˚C and 5% CO2. Notably, U87 cell line was recognized 
as glioblastoma cell line of unknown origin. The human 
glioma cell lines U251 (TCHu 58) and SHG44 (TCHu 48) 
was purchased from the cell bank of the Chinese Academy 
of Sciences. All cell lines have been authenticated by STR 
profiling.

Patients and tissue specimens. A total of 176 paraffin‑embedded 
samples and 30 pairs of surgically resected fresh glioma 
tissues including their corresponding adjacent non‑cancerous 
tissues were collected from the Affiliated Hospital of Weifang 
Medical University and the Affiliated Yantai Yuhuangding 
Hospital of Qingdao University from 2008‑2015. The detailed 
information of 176 patients with glioma is listed in Table I. The 
inclusion criteria for the patients is that they had gliomas and 
had agreed to participate in the study. Samples were collected 
following a protocol approved by the Institutional Review 
Board, and patients gave their consent for the research of their 
tissue specimens in the present study. The study protocol was 
reviewed and approved by the Weifang Medical University 
Ethics Committee (approval no 99, 11‑November‑2016).

miRNA prediction. Two online miRNA prediction databases 
(www.microrna.org/microrna/home.do and www.targetscan.
org) were used. These were searched for BMK1 and found that 
miR‑143 was the most potential regulator.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). RNA extraction and 
RT‑qPCR was performed as previously described (21). Total 
miRNA from cultured cells, surgically resected fresh tissues, 
and paraffin‑embedded glioma specimens was extracted 
using the mirVana miRNA Isolation kit (Ambion; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and RecoverALL 
Total Nucleic Acid Isolation kit (Ambion; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol. 
Complementary DNA was synthesized with 5 ng of total RNA 
using the TaqMan miRNA Reverse Transcription kit (Applied 
Biosystems; Thermo Fisher Scientific, Inc), and the expres-
sion levels of miR‑143 were measured using Hairpin‑itTM 
miRNAs qPCR Quantitation kit (Shanghai Genepharma, Co, 
Ltd., Shanghai, China). Reaction conditions: 95˚C for 30 sec, 
95˚C for 3 sec, 60˚C for 30 sec, a total of 40 cycles. miR‑143 
reverse transcription primer sequences: Forward, 5'‑TGT​
AGT​TTC​GGA​GTT​AGT​GTC​GCG​C‑3'; reverse, 5'‑CCT​ACG​
ATC​GAA​AAC​GAC​GCG​AAC​G‑3'. U6 primer sequences: 
Forward, 5'‑GTT​TTT​TGT​AGT​TTT​TGG​AGT​TAG​TGT​TGT​

GT‑3'; reverse, 5'‑CTC​AAC​CTA​CAA​TCA​AAA​ACA​ACA​
CAA​ACA‑3'. U6 was used as an internal reference. Primers 
used for BMK1: Forward, 5'‑CTG​GCT​GTC​CAG​ATG​TGA​
A‑3'; reverse, 5'‑ATG​GCA​CCA​TCT​TTC​TTT​GG‑3'. Analysis 
of relative gene expression data using RT‑quantitative PCR 
and the 2‑ΔΔCq method (22).

Bisulfite sequencing and DNA methylation. Genomic 
DNAs from NHA and glioma cell lines (the cell density 
reached 90% confluency) were isolated using TRIzol reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) and Genomic 
DNAs from fresh glioma tissues were isolated using the 
DNeasy Blood and Tissue kit (Qiagen, Valencia, CA, USA) 
according to the manufacturer's protocol. Bisulfite sequencing 
was performed as previously described  (23). DNA meth-
ylation analysis was performed using Epigenetek Methylflash 
Methylated DNA quantification kit (cat.  no.  P1034±48) 
following the manufacturer's protocol.

Plasmid, retroviral infection, and transfection. miR‑143 
mimics (miR‑143) oligonucleotides (3'‑CUC​GAU​GUC​ACG​
AAG​UAG​AGU‑5'), miR‑143 inhibitor (Ant‑miR) oligo-
nucleotides (3'‑UGG​UCU​CUA​CGU​CGU​GAC​GUG​G‑5') 
and miR‑143 mutant oligonucleotides (3'‑AUG​UGU​CUU​
AUG​CAA​GCU​CGC​A‑5') were synthesized by GenePharma 
(Shanghai, China). They were transfected into glioma cell 
lines by using Lipofectamine  2000 (Invitrogen; Thermo 
Fisher Scientific, Inc.) at a final concentration of 50  nM 
according to the manufacturer's protocol. A DNA fragment 
containing the hsa‑miR‑143 precursor with 300 bp flanking 
sequence of each side was amplified into retroviral transfer 
plasmid pMSCV‑puro (Shanghai GenePharma). A blank 
plasmid was used as a negative control (NC). The open reading 
frames of BMK1 genes generated by PCR were cloned into 
retroviral vector pMSCV‑neo (Clontech Laboratories, Inc., 
Mountainview, CA, USA). Retroviral production and infection 
were performed as previously described (24). The 3'UTRs 
of BMK1 were amplified and cloned into the downstream 
region of a luciferase gene in a modified pGL3 control vector 
(Promega Corporation, Madison, WI, USA), as described 
previously (25).

The U251/miR‑143 cells were transfected with pMSCV‑
neo‑BMK1 plasmid or pMSCV‑neo vector using Lipofectamine® 
(Invitrogen, Carlsbad, CA, USA) following the manufac-
turer's protocol. Briefly, the cells were plated at a density of 
5x105 cells/well in a 6‑well plates to grow overnight, and then they 
were transected with 4 µg plasmid using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the 
protocol. After transfection, cells were cultured at  37˚C, 
5% CO2, overnight. Then cells were trypsinised, diluted and 
reseeded into 10 cm culture dishes. Single cell clones were 
isolated for clone expansion. Stable transfected cell clones 
were named U251/miR‑143+BMK1 and U251/miR‑143+CON 
cells.

Western blot analysis. Western blot analysis was carried out 
using standard methods. After treatment, the cells were treated 
with lysis buffer (Cell Signaling, Danvers, MA, USA) on ice 
for 20 min. Subsequently, the cell lysates were centrifuged at 
1,5000 x g at 4˚C for 30 min, the supernatant was collected 
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as the total cellular protein extract. The total protein extract 
was quantified by using the BCA protein assay kit (Pierce, 
Rockford, IL, USA). Equal amounts of protein (10 µg/lane) 
were separated on 10% SDS‑polyacrylamide gel and trans-
ferred onto nitrocellulose membranes. The membrane was 
incubated for 2 h in PBS plus 0.1% Tween‑20 and 5% non‑fat 
skim milk to block non‑specific binding. The following anti-
bodies were used in the present study: BMK1 (cat. no. sc‑81460, 
1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), 
phosphorylated (p)‑cofilin (cat.  no.  sc‑21867‑R, 1:1,000; 
Santa Cruz Biotechnology, Inc.), cofilin (cat. no. sc‑53934, 
1:1,000; Santa Cruz Biotechnology, Inc.), β‑actin (4970, 
1:1,000; Cell Signaling Technology, Inc.), and the secondary 
antibody: Horseradish peroxidase‑linked anti‑mouse IgG 
antibody (cat. no. 58802, 1:2,000; Cell Signaling Technology, 
Inc. Danvers, MA, USA). A reference housekeeping protein 
(β‑actin) was used to normalize the average protein expres-
sion. All experiments were repeated at least three times. After 
incubated with antibodies, the membranes were placed into 
TBST (10 mM Tris‑HCL, 150 mM Nacl and 0.05% Tween‑20, 
pH=7.6), and shaken for 5 min at room temperature for 3 times. 
Western blots were visualized by using enhanced chemilu-
minescence reagents (Pierce; Thermo Fisher Scientific, Inc.). 
The protein band intensity was quantified using the ImageJ 
1.44p software (https://imagej.nih.gov/ij/download.html).

Cell viability assay. Cell viability was detected via MTT assays 
(Sigma; Merck KGaA, Darmstadt, Germany). All experiment 
steps were performed using 2x103 of cells seeded on 96‑well 
plates. After the cells were cultured for different time points, 
the culture medium was removed. Subsequently, the cells were 

incubated with MTT solution (50 µl of 2 mg/ml MTT powder 
in PBS; 100 µl RPMI‑1640 containing 10% FBS) at 37˚C 
for 4 h. Subsequently, the culture medium was removed and 
DMSO (150 µl; Sigma; Merck KGaA) was added into each 
well for 30 min until all crystals were dissolved. The absor-
bance was directly proportional to the number of viable cells.

Chemotaxis assay. Chemotaxis assay was performed as 
described previously (26). Briefy, IGF‑1 was loaded into the 
lower chemotaxis chamber and 5x105 cell/ml cells were added 
to the upper chambers. The polycarbonate filter (Neuroprobe, 
Cabin John, MD, USA) was inserted between the chambers. 
The number of migrating cells were counted. Chemotaxis 
index=the migrating cell number in a chemo‑attractant 
gradient/the migrating cell number in a medium control.

Cellular F‑Actin measurement. The F‑actin content was done 
as described previously (27). After reaching 70‑80% conflu-
ency, U87 cells were followed by the stimulation of 50 ng/ml 
IGF‑1 at 37˚C at different time points. Then the cells were fixed, 
permeabilized, and incubated with Oregon Alexa‑Flour 568 
phalloidin at room temperature for 2 h. After washing 5 times, 
the labeled phalloidin was extracted by using methanol 
at 4˚C for 90 min. The fluorescence was captured at Ex/Em 
578/600 nm in each sample and normalized against the total 
protein content as analyzed by a BCA kit (Pierce; Thermo 
Fisher Scientific, Inc.).

Scratch assay. The control cells and cells transfected with 
miR‑143 mimic (2x105/ml) were seeded in 6‑well plates. 48 h 
later, cross lines were made using a 200 µl sterile pipette tip. 
At 0, 6, 12, 18, 24 h, the cells were imaged by using a Olympus 
inverted microscope (CH‑BI45‑T; Olympus). Experiments 
were repeated three times.

Matrigel invasion assay. A Boyden chamber invasion assay 
was performed as described previously (28). The glioma cells 
in serum‑free RPMI‑1640 at a density of 2x105 cells/ml were 
loaded on the membrane in the upper chamber. All assays 
were repeated at least three times independently.

Luciferase reporter assay. To investigate whether miR‑143 
directly regulates BMK1 expression, the sequence of the 3'‑UTR 
of BMK1 was inserted downstream of a Renilla luciferase open 
reading frame. A total of 100 ng pGL3‑BMK1‑3'UTR plasmid, 
1ng pRL‑TK renilla plasmid (Promega, Madison, WI, USA) 
and miR‑143 mimics or miR‑NC (Thermo Fisher Scientific, 
Inc.) were transfected into cells using Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h after 
transfection, the activity of firefly luciferase was measured 
by using the Dual‑Luciferase reporter assay kit (Promega, 
Madison, WI, USA). The data were normalized with Renilla 
luciferase activity.

RNA immunoprecipitation (RIP). Immunoprecipitation of 
miRNA ribonucleoprotein (miRNP) with anti‑Ago1 (1:3,000; 
cat. no. ab5070; Abcam, Cambridge, UK) or IgG (1:2,000; 
cat.  no.  ab97051; Abcam) was performed as previously 
described (29). The RNA that was immunoprecipitated with 
anti‑Ago1 or IgG antibodies was extracted using TRIzol LS 

Table I. Clinicopathologic characteristics of patients with 
glioma.

Patient characteristics	 n (%)

Sex	
  Male	   99 (56.2)
  Female	   77 (43.7)
Age (years)	
  <40 	   81 (46.0)
  40‑49 	   37 (21.0)
  50‑59	   27 (15.3)
  60‑69	   25 (14.2)
  70‑79	     6   (3.4)
WHO grading	
  Grade I (pilocytic astrocytoma)	   24 (13.6)
  Grade Ⅱ	   53 (30.1)
  Grade Ⅲ	   56 (31.8)
  Grade Ⅳ	   43 (24.4)
Patient survival	
  Alive	   34 (19.3)
  Deceased	 142 (80.7)

WHO, World Health Organization.

https://www.spandidos-publications.com/10.3892/or.2019.7218
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(Invitrogen; Thermo Fisher Scientific, Inc.) as described 
previously (30).

Intracranial brain tumor xenografts and H&E staining. 
Adult male Sprague‑Dawley rats (n=16) weighing between 
200‑250 g were purchased from Wei Tong Li Hua experi-
mental animal Co. (Beijing, China). Intracranial brain 
tumor xenografts were established with U87/NC (5x105) and 
U87/miR‑143 (5x105) stereotactically implanted into the brain 
of four‑week‑old male severe immunodeficient mice with 
eight mice per group. The study protocol was reviewed and 
approved by Weifang Medical University Ethics Committee 
(approval no 129, 11‑November‑2016). Using a microliter 
syringe connected to the manipulating arm of the stereotactic 
apparatus, glioma cells were injected into the caudate nucleus 
at a depth of 4.0‑4.5 mm from the dura. The glioma‑enduring 
mice were euthanized 30 days after tumor cell injection, and 
the whole brains were removed. The maximum diameter of 
the tumor was about 1cm. Subsequently, paraffin‑embedded 
tissues were sectioned into 5 µm slices and subjected to H&E 
staining. H&E staining was performed as described previ-
ously  (31). The tissue slices were stained in hematoxylin 
for 5 min and in eosin for 10 sec. All the procedures were 
performed at room temperature. The images were captured 
using a light microscope system (Olympus Corporation, 
Tokyo, Japan).

5‑AZA‑2‑deoxycytidine treatment. Glioma cells were seeded 
in 10 cm dishes (1x106 cells per dish) one day before drug treat-
ment. The cells were treated with 1uM 5‑AZA‑2‑deoxycytidine 
(5‑AZA‑dC; Sigma; Merck KGaA) every 24 h for 3 days.

Statistical analysis. All statistical analyses were performed 
using SPSS 13.0 statistical software package (SPSS, Inc., 
Chicago, IL, USA). The χ2  test was used to analyze the 
association between miR‑143 expression and clinicopatho-
logic characteristics. Survival curve was evaluated using the 
Kaplan‑Meier method and differences were assessed using the 
log‑rank test. Statistical significance for comparisons between 
groups was determined using two‑tailed unpaired Student's 
t‑test or analysis of variance. Multiple comparison between 
the groups was performed using S‑N‑K method, following 
ANOVA. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miR‑143 is predicted to target BMK1. To investigate the 
potential miRNA regulators of BMK1 which was known to be 
overexpressed in glioma (5), two online miRNA target predic-
tion databases were used (miRNA.org; www.microrna.org and 
Targetscan; www.targetscan.org), and miR‑143 was selected 
as the most potential regulator (Fig. 1A). Paired glioma (T) 
and adjacent non‑tumor tissues (ANT) were comparatively 
evaluated by RT‑qPCR analysis, with each pair obtained from 
the same patient. The results showed miR‑143 expression was 
downregulated in 30 pairs of glioma tumor tissues compared 
with their ANT (Fig. 1B). Furthermore, similar results were 
found in glioma cell lines and normal brain glial cell line 
(NHA; Fig.  1C). In contrast, the expression of BMK1 in 

glioma cell lines was higher than that in NHA (Fig. 1D). These 
data suggested that the expression of miR‑143 in glioma was 
significantly reduced.

Decreased expression of miR‑143 is associated with the 
clinicopathological features of glioma. In order to further 
understand the association between miR‑143 expression and 
clinicopathological features of glioma, the expression levels of 
miR‑143 in 176 paraffin‑embedded glioma samples was exam-
ined by RT‑qPCR. The detailed information of 176 glioma 
patients is listed in Table I. It was found that miR‑143 expres-
sion was strongly associated with World Health Organization 
(WHO) grade (32) and the survival status of glioma patients, 
but not with age and sex (Table II).

In addition, Kaplan‑Meier analysis using log‑rank test 
was performed to assess the effect of miR‑143 expression on 
the survival of patients. Patients with tumors exhibiting low 
miR‑143 expression had shorter overall survival than those 
with high expression of it (P<0.05, Fig.  1E). The median 
survival time of patients with low miR‑143 expression 
(14±1.497 months, 95% confidence interval: 11.065‑16.935) 
was significantly shorter than those with high miR‑143 
expression (35±3.527  months, 95%  confidence interval: 
28.087‑41.913). Furthermore, similar results were found in 
either WHO grade I+II subgroup (P<0.05, Fig. 1F) or grade 
III+IV subgroup (P<0.05, Fig.  1G). Taken together, these 
results demonstrated that miR‑143 could be a valuable prog-
nostic marker for glioma patients at all disease stages, but this 
needs to be confirmed with larger sample size.

miR‑143 directly targets BMK1. To verify our assumption 
that miR‑143 could regulate the expression of BMK1, firstly 
miR‑143 expression was analyzed by RT‑qPCR after being 
transfected with negative control (NC), miR‑143 mimic 
(miR‑143), miR‑143 inhibitor (Ant‑miR), and miR‑143 mutant 

Table II. Association between clinicopathologic features and 
expression of miR‑143 in patients with glioma.

	 miR‑143 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient characteristics	 Low/none	 High	 P‑value

Sex			   0.651
  Male	 61	 38	
  Female	 50	 27	
Age(years)			   0.377
  ≤45	 66	 43	
  >45	 45	 22	
WHO grade			   <0.001
  Ⅰ and Ⅱ	 33	 44	
  Ⅲ and Ⅳ	 78	 21	
Survival			   0.031
  Alive	 16	 18	
  Deceased	 95	 47	

miR, microRNA; WHO, World Health Organization. 
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Figure 1. miR‑143 expression in glioma tissues and cell lines. (A) miR‑143 expression in glioma tissues and cell lines predicted binding of miR‑143 to 3'UTRs of 
BMK1. (B) Expression of miR‑143 in pairs of glioma tumor tissues (T) compared with their corresponding adjacent non‑cancerous tissues (ANT). (C) RT‑qPCR 
analysis of miR‑143 expression in cultured human normal brain glial cell lines (NHA) and glioma cell lines (U87, 251, and SHG44). (D) RT‑qPCR analysis of 
BMK1 expression in cultured human normal brain glial cell lines (NHA) and glioma cell lines (U87, 251, and SHG44). Kaplan‑Meier analysis of the association 
(E) between the miR‑143 expression levels and overall survival of patients with glioma with high (n=65) and low (n=111) miR‑143 expression; (F) between the 
miR‑143 expression levels and survival of patients with glioma in the stage I and II subgroup; and (G) between the miR‑143 expression levels and survival of 
patients with glioma in the stage III and IV subgroup. *P<0.05. Data are presented as the mean ± standard deviation from three independent experiments. BMK, 
big mitogen‑activated kinase; miR‑143, microRNA; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; WHO, World Health Organization.

https://www.spandidos-publications.com/10.3892/or.2019.7218
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in the U87 and U251 cell lines respectively, and obtained the 
stable transfected cell lines (Fig. 2A). BMK1 protein levels 
were significantly reduced in miR‑143 mimic transfected cells 
but elevated in miR‑143 inhibitor transfected cells compared 
with those in the corresponding control cells (Fig.  2B). 
Furthermore, RIP analysis following miR‑143 transfec-
tion indicated that mRNAs of BMK1 could be specifically 
recruited to the miRNP complex isolated by anti‑Ago1 anti-
body (Fig. 2C). Based on these results, it may be hypothesized 
that miR‑143 targets BMK1 in glioma, in vitro.

To further investigate whether this regulation is due to the 
fact that miR‑143 binds to the 3'UTR of BMK1, the 3'UTR 

of BMK1 was cloned downstream of a luciferase reporter 
gene (wt‑BMK1) and wt‑BMK1 vector and negative control, 
miR‑143, miR‑143 inhibitor, or miR‑143 mutant were 
co‑transfected into U87 and U251 cells. miR‑143 regulated 
BMK1 expression through a significant reduction or addition 
of luciferase activity in cells transfected with miR‑143 mimic 
or miR‑143 inhibitor, respectively, compared with control cells 
(Fig. 2D). However, it was observed that relative luciferase 
activity was normal in cells co‑transfected with BMK1 3'UTR 
and miR‑143 mutant. Taken together, these results indicated 
that miR‑143 can regulate directly BMK1 expression in glioma 
cells.

Figure 2. BMK1 is modulated by miR‑143. (A) miR‑143 and miR‑143 mutant oligonucleotides. Predicted binding of miR‑143 to 3'UTRs of BMK1. reverse 
transcription‑quantitative polymerase chain reaction of miR‑143 expression in U87 and U251 cells transfected with NC, miR‑143 mimic, miR‑143 inhibitor 
and miR‑143 mutant. (B) Western blot analysis of BMK1 expression in transfected U87 and U251 cells. (C) The RNA immunoprecipitation analysis revealed 
recruitment of BMK1 mRNAs to miRNA nucleoprotein complex following immunoprecipitation against Ago1. The IgG immunoprecipitation was used as 
the negative control. (D) Luciferase activity of pGL3‑BMK1‑3'UTR reporter in indicated cells co‑transfected with the relevant oligonucleotides. Data are 
presented as the mean ± standard deviation from three independent experiments. *P<0.05. Ago1, argonaut; BMK, big mitogen‑activated kinase; Ig, immuno-
globin; miR, microRNA; NC, negative control; UTR, untranslated region.
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Restoration of miR‑143 in glioma cells inhibits cellular 
migration. To identify the effects of miR‑143 on glioma cell 
migration, firstly, the cell viability rate in U251/miR‑143 and 
U251/NC cells was investigated, in vitro. The same number 
of U251/miR‑143 and U251/NC cells were plated at the same 
time and cell numbers were counted at the following days. 
The result showed that increased miR‑143 expression did not 
cause significant changes in cell viability (Fig. 3A). Following 
this, cell chemotaxis assay which was induced by IGF‑1, was 
performed. The result suggested decreased chemotaxis in 
U251/miR‑143 cells compared with U251/NC cells (Fig. 3B). 
The key to chemotaxis is ligand‑induced cytoskeleton rear-
rangement  (33). Quantitative F‑actin polymerization assay 
revealed that IGF‑1 induced transient actin polymerization at 
20 and 60 sec in U251/NC cells. Whereas in U251/miR‑143 
cells, F‑actin polymerization was significantly reduced in spite 
of IGF‑1 stimulation (Fig. 3C). These results indicated that 
miR‑143 serves an important role in the migration of glioma 
cells.

Previous studies have proven that F‑actin dynamics is regu-
lated by phosphorylating cofilin at Ser3, which polymerizes 
actin, generates protrusions and determines the direction of 
cell migration (34). Thus, the phosphorylation level of cofilin 
in U251 cells was investigated. As shown in Fig. 3D, cofilin 
was rapidly activated by the IGF‑1 at 1 and 6 min. However, in 
the U251/miR‑143 cells, the IGF‑1‑induced phosphorylation of 
cofilin was impaired. These results indicate that miR‑143 is a 
key factor in the IGF‑1‑induced cofilin recycling.

Increased expression of miR‑143 inhibits glioma cell inva‑
sion and migration. To verify our hypothesis that miR‑143 
serves an important role in glioma invasion through BMK1, 
scratch and Matrigel invasion assay were performed. The 
scratch assay is one of the few cell migration assays, which 
can be estimated at fixed time points (35). Several hours after 
wounding, it took U251/miR‑143 cells a longer time to fill 
the gap, further supporting a defect in migration (Fig. 4A). 
Subsequently, Matrigel assay was performed and significant 
reductions of invasion by 48% in U251/miR‑143 compared 
with the control cells was observed. However, there was no 
significant change in the invasion ability of U251/miR‑143 
inhibitor compared with U251/NC. For further confirmation, 
U251 cells were co‑transfected with miR‑143 and BMK1. As 
shown in Fig. 4B, the invasion ability of U251/miR‑143+BMK1 
recovered compared with U251/miR‑143 (Fig. 4B). RT‑qPCR 
results confirmed that the BMK1 expression was indeed 
increased in the U251/miR‑143+BMK1 cells compared 
with the U251/miR‑143 cells and U251/miR‑143+CON cells 
(Fig. 4C). These results suggested that restoration of miR‑143 
inhibits the invasion and migration of glioma cells through 
BMK1.

miR‑143 inhibits glioma invasion by downregulating BMK1 
in vivo. To assess the biological functions of miR‑143 and 
BMK1 in glioma in vivo, U87/NC and U87/miR‑143 cells were 
implanted stereotactically into the brains of glioma‑bearing 
mice (n=8). The number of satellite tumors (tumor foci not 

Figure 3. miR‑143 promotes migration in glioma cells. (A) Comparison of cell viability in U251/NC and U251/miR‑143. (B) Comparison of chemotactic 
responses with IGF‑1 stimulation in U251 cells transfected with miR‑143. (C) Time course of relative F‑actin content in U251/NC and U251/miR‑143 cells with 
10 ng/ml of IGF‑1 stimulation. (D) Western blotting of the phosphorylation of cofilin in total cell lysates from the control and the U251/miR‑143 cells upon 
10 ng/ml of IGF‑1 stimulation for 0, 1 and 5 min, cofilin was used as a loading control. *P<0.05. IGF, insulin growth factor; miR, microRNA; NC, negative 
control; p, phosphorylated.
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connected with the main tumor) was regarded as a semi‑quan-
titative measurement of tumor invasion (36). The number of 
satellite tumors which have migrated away from the main tumor 
mass or were projections from the main tumors was counted 
30 days after tumor cell injection. As shown in Fig. 5A and B, 
the number of satellite tumors was less in the brains of mice 
injected with U87/miR‑143 cells than that in the mice injected 
with U87/NC cells (10.1 vs. 31.7 satellite tumors per section, 
P<0.05; Fig. 5B). The expression of BMK1 in the tumor xeno-
graft was also investigated. As expected, BMK1 expression 
was lower in the mice injected with U87/miR‑143 cells than in 
the mice injected with U87/NC cells (Fig. 5C). Taken together, 
these results indicate that miR‑143 can significantly inhibit the 
expression of BMK1 and suppress the invasion of glioma cells, 
in vivo.

Downregulation of miR‑143 in glioma cell lines and tissues is 
due to the DNA methylation. In mammals, DNA methylation 
serves a crucial role in the regulation of gene expression and 

chromatin structure. In many tumors, decreased miRNA expres-
sion is due to the hypermethylation of the promoter region (37). 
To verify this hypothesis, we explored the methylation level 
of miR‑143 in both glioma cell lines and tissues. The results 
showed that the methylation level of miR‑143 in genomic DNA 
obtained from glioma cell lines and clinical tissue samples was 
higher than that from NHA cell line. Notably, it also showed a 
tendency associated with WHO grading, strongly demonstrated 
that promoter methylation serves an important role in miR‑143 
downregulation (Fig. 6A).

To further explore the effect of DNA methylation, the 
NHA cell line and glioma cell lines were treated with a DNA 
methylation inhibitor 5‑AZA‑dC and found that it promoted 
the expression of miR‑143 (Fig. 6B). Additionally, the inhibi-
tion of DNA methylation significantly inhibited the invasive 
ability of U87, U251 and SHG44 cells (Fig. 6C). In summary, 
these findings strongly suggested that the expression of 
miR‑143 was regulated by DNA methylation in glioma cells 
and tissues.

Figure 4. miR‑143 enhanced glioma cells invasion. (A) Quantification of scratch assays on U251/NC, and U251/miR‑143 cells. The distance of cell migration 
was measured. (B) Representative images of penetrated cells in U251/NC, U251/miR‑143, U251/miR‑143 inhibitor and U251/miR‑143+BMK1 cells and 
quantification of the cells analyzed using the matrigel invasion assay. (C) Reverse transcription‑quantitative polymerase chain reaction of BMK1 expression 
in cultured U251/miR‑143, U251/miR‑143+CON and U251/miR‑143+BMK1. Scale bars=50 µm. *P<0.05. CON, control; BMK, big mitogen‑activated kinase; 
miR, microRNA; NC, negative control.
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Figure 6. Downregulation of miR‑143 is due to hypermethylation of its promoter. (A) The methylation level of miR‑143 genomic region in indicated NHA, 
glioma cell lines, and in glioma specimens. (B) Reverse transcription‑quantitative polymerase chain reaction of miR‑143 expression in indicated cells treated 
with 5 µm 5‑aza‑dC or DMSO for 72 h. (C) Invasive abilities of U87, U251 and SHG44 cells with 5 µM 5‑aza‑dC or DMSO treatment for 72 h. Data are 
presented as the mean ± standard deviation from three independent experiments. *P<0.05. miR, microRNA.

Figure 5. miR‑143 inhibits glioma invasion by downregulating BMK1 in vivo. (A) Human tumor foci on severe immunodeficient mice brains implanted with 
U87/NC and U87/miR‑143 were visualized by H&E staining. (B) The number of satellite tumors (tumor foci not connected to main body of tumor) was 
counted and plotted (n=8). *P<0.05. (C) Western blot analysis of BMK1 in implanted tumors of the mice injected with U87/NC cells and U87/miR‑143 cells. 
Scale bars=50 µm. *P<0.05. Data are presented as the mean ± standard deviation from three independent experiments. BMK, big mitogen‑activated kinase; 
miR, microRNA; NC, negative control.
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Discussion

Recent reports suggest that miRNA‑143 inhibits cell prolif-
eration, invasion and metastasis by regulating multiple target 
genes (16). The present study provided the first evidence that 
miR‑143 expression was significantly low in glioma tissues and 
cell lines. In particular, it was demonstrated that the expression 
of miR‑143 had a strong association with the WHO grade and 
survival rates in patients with glioma.

In a previous study, BMK1 was highly expressed in glioma 
tissues and cell lines. It promoted the invasion and migration 
of glioma cells acting as a predictor of poor prognosis for 
patients with glioma (5). In the present study, miR‑143 was 
predicted to act as a novel BMK1 suppressor. By transduction 
of miR‑143 into glioma cells, it was demonstrated that miR‑143 
could repress BMK1 expression. Furthermore, 3'UTR lucif-
erase assay and RIP analysis confirmed that miR‑143 inhibited 
BMK1 via direct binding to the 3'UTR of BMK1.

Polarized cell migration, which is tightly regulated during 
tissue development, chemotaxis and wound healing, is highly 
associated with the tumors infiltration and invasion (38). In the 
present study, the restoration of miR‑143 in the chemotaxis, 
wound healing and matrigel invasion assay severely impaired 
the migration and invasive ability of glioma cell lines. This 
result suggested that miR‑143 may be an essential factor in 
glioma cell migration and invasion. The rescue assays drew 
the conclusion that miR‑143 inhibited glioma invasion by 
downregulating BMK1. Actin polymerization and the subse-
quent formation of membrane protrusions are necessary 
for polarized cell migration. Actin regulates the motility of 
cancer cell through cytoskeletal rearrangement (39). Previous 
studies have proven that F‑actin dynamics are regulated 
by phosphorylating cofilin at Ser3 (34). The present results 
demonstrated that miR‑143 participated in the IGF‑1‑induced 
F‑actin polymerization to mediate cytoskeletal rearrange-
ment, which is vital in glioma cell migration and invasion. 
Furthermore, miR‑143 is a key factor in the IGF‑1‑induced 
cofilin recycling. Therefore, it may be speculated that overex-
pression of miR‑143 downregulated the expression of BMK1, 
which in turn regulated the phosphorylation of cofilin and 
F‑actin polymerization.

A previous study showed that miR‑143 could inhibit 
viability of A172 cells (40). In the present study, increased 
miR‑143 expression did not cause significant changes in cell 
viability. The potential reasons of this distinction include 
different glioma cell lines, different cell density and different 
observed time. In addition, downregulation of miR‑143 
expression did not significantly enhance the invasion ability 
of glioma cell lines. The reason may be that the cell lines used 
were highly invasive glioblastoma cell lines, which is hard to 
further increase the invasion.

Epigenetic modifications have been shown to display a 
tight association with carcinogenesis and to serve an impor-
tant role in miRNA expression  (41,42). The present data 
suggested that decreased miR‑143 expression is due to the 
hypermethylation of the upstream promoter region in glioma 
cell lines and tissues. This conclusion was confirmed through 
treatment with 5‑aza‑dC, a DNA methyltransferase inhibitor, 
which restored miR‑143 expression in glioma cell lines and 
reduced the invasion of cancer cells. Based on these findings, 

the methylation status of miR‑143 may serve as a potential 
biomarker for the prognosis of glioma, but this needs to be 
further verified.

In summary, miR‑143 expression levels were lower in 
glioma cells and that miR‑143 inhibited glioma cell invasion 
and migration. The molecular mechanisms of miR‑143 and 
BMK1 mediating in cells migration and invasion was also 
investigated. Future studies could examine the therapeutic 
potential of miR‑143 and identify additional genome‑wide 
targets of this microRNA.
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