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MiR-374b targets GATA3 to promote progression and development of 
glioblastoma via regulating SEMA3B 
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In the present study, a series of experiments were conducted to explore the function of miR-374b and the regulatory 
relationship among miR-374b, GATA3 and SEMA3B in glioma. MiR-374b mimics and inhibitors were employed to regulate 
miR-374b expression. Besides, qRT-PCR assay was used for detecting the expression level of miR-374b, GATA3 and 
SEMA3B mRNAs. To verify the targeting relationship between miR-374b and GATA3, dual luciferase analysis was utilized. 
Moreover, chromatin immunoprecipitation (ChIP) assay was performed to identify the correlation GATA3 with SEMA3B. 
Furthermore, si1-GATA3, si2-GATA3 and pc-GATA3 were used to regulate GATA3 expression and pc-SEMA3B served for 
dysregulation the SEMA3B. For assessing the significance of miR374b alone or in co-operation with GATA3 or SEMA3B on 
cell viability, migration and apoptosis, CCK-8, transwell and FCM assay were also performed. We found that overexpression 
of miR-374b, which was identified in glioma tissues and cell lines (U251, LN-299 and GOS-3) promoted cell migration and 
enhanced cell viability but inhibited apoptosis in this study. Furthermore, GATA3 contributed to increase the cell viability 
and migration and decrease the apoptosis targeted by miR-374b as evidenced by dual luciferase assay. Moreover, GATA3 
binding to the promoter of SEMA3B, involved in regulating SEMA3B, was revealed. Further, a series of studies demon-
strated that miR-374b targeted GATA3 regulating SEMA3B and resulted in elevation of cell viability and migration but 
suppressed the apoptosis. However, the promotion effects of miR-374 in glioma process were reversed by co-transfecting 
pc-GATA3 or pc-SEMA3B. In conclusion, miR-374b promotes glioma process in vitro through suppressing SEMA3B via 
targeting GATA3. The result of this study provides an important clue to the optimal treatment schedule for glioblastoma.
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Glioma is the most common brain tumor worldwide with 
the second highest mortality rate among intracranial tumors 
[1] and incidence up to 3.2 per 100 000 in the United States 
[2]. Over the past few decades, many researches uncovering 
new and more effective therapies for glioma were conducted 
along with the improvement in surgical resection, radio-
therapy and chemotherapy, but overall prognosis of patients 
with glioma is still unfavorable and dismal [3]. In addition, 
tumor cells usually generated chemoradiotherapy resis-
tance, which was the reason of limited treatment and poor 
response [4]. Moreover, according to report, the most malig-
nant glioma is glioblastoma multiforme [5]. Therefore, it is 
vital to explore a more comprehensive insight into molecular 
mechanism of glioma cell proliferation and metastasis and to 
find more appropriate therapeutic target.

MicroRNAs (miRNAs) are one kind of non-coding RNAs 
which play the crucial roles in various diseases, including 
glioma [6] cancer, ischemia-reperfusion injury in lung [7] 
or myocardium [8]. Because of their significance in cancers, 
they have been proposed by numerous investigations as 
novel biomarkers for many cancer diagnosis and treatment 
in recent years [9]. Approximately 50% miRNAs expression 
level is associated with tumorigenesis or angiogenesis through 
influencing the expression of oncogenes or tumor suppres-
sors [10]. The inhibition of miR-603 can repress glioma cell 
proliferation via elevating WIF1 and CTNNBIP1 to influence 
Wnt/β-catenin pathway [11]. MiR-24-3p and miR-27a-3p 
cooperating with MXI1 (a member of mad family), a tumor 
suppressor, promote glioma progression and development 
[12]. These reports reveal that some miRNA expression in 
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glioma accelerates its progression. MiR-374b, a novel kind 
of miRNAs abnormally expressed in gastric cancer, shows 
significant upregulation that promotes tumor cell invasion 
and metastasis [13], which elucidates that miR-374b may be 
oncogene in some cancers. Therefore, the research should be 
focused on miR-374b-5p role in glioma, to get more compre-
hensive insight into the diagnosis and therapy for this type 
of cancer.

GATA binding protein 3 (GATA3), one kind of transcrip-
tion factor, functions as a vital regulator in differentiation 
of the luminal cell fate [14]. Besides, it is demonstrated 
that GATA3 is significantly restrained during breast cancer 
progression [15], indicating its possible tumor suppressor 
role as transcription factor. Thus, silencing GATA3 contrib-
utes to progression and development of various cancers 
including breast cancer [16], glioblastoma [17], prostate 
cancer [18] and bladder cancer [19], which shows the signifi-
cance and therapeutic potential of GATA3 in treatment in 
multiple cancers. However, investigation on the effects of 
GATA3 in glioma is rare and should be taken seriously.

Semaphorin 3B (SEMA3B), located at 3p21.3, encodes 
a tumor suppressor protein for multiple cancers [20–22]. 
The mutation or promoter methylation of SEMAB3 is 
always associated with pathogenesis of lung cancer [23]. 
According to previous study, SEMA3B exerts its function 
via VEGF-A, VEGF-B and placental growth factor (PIGF) 
that are members of the vascular endothelial growth factor 
(VEGF) family [24–26]. Moreover, the high expression 
of GATA3 as well as the changes in SEMA3B contributed 
to suppress breast cancer progression and metastasis [27]. 
Meanwhile, gene expression profiling in glioblastoma eluci-
dates SEMA3B inhibition [28]. Karayan et al. demonstrated 
the function of SEMA3B, whose downexpression was corre-
lated with poor survival, as inhibitor of tumor progression 
via regulating VEGF ability [29]. But there are few reports 
about the regulatory relationship between GATA3 and 
SEMA3B in glioma.

In the present study, we assumed that miR-374b targeted 
GATA3 to suppress transcription of SEMA3B, which contrib-
uted to promote pathogenesis of glioblastoma. GATA3 
functioning as transcription factor for SEMA3B in vitro was 
uncovered, and this investigation testified whether miR-374b 
contributed to cancer cell proliferation and migration via 
GATA3/SEMA3B.

Materials and methods

Human tissue samples. All human glioma tissues were 
provided by patients from The Affiliated Hospital of Inner 
Mongolia Medical University, Hohhot, China, who all 
accepted standard surgical operations. Besides, patients with 
traumatic brain injury underwent decompressive craniec-
tomy and their healthy grain tissues were obtained. Liquid 
nitrogen was utilized to freeze the collected samples until 
analysis. In the present study, all patients gave informed 

consent before the study, and Inner Mongolia Medical 
University approved all the experiments conducted.

Cell culture. Human glioma cell line, U251, and human 
embryonic kidney cell line, 293T, were purchased from 
BeNa Culture Collection located at Beijing, China, and 
were maintained in Dulbecco’s modified Eagle’s medium 
(DMEM) containing 10% fetal bovine serum (FBS). Besides, 
100 U/ml penicillin and 100 ng/ml streptomycin were added 
into DMEM before incubating cells. However, for culturing 
293T cells, 2 mmol/ml glutamine was additionally added into 
DMEM. All cells were incubated at 37 °C and 5% CO2.

Quantitative reverse transcriptase PCR (qRT-PCR). 
TRIzol reagent from Invitrogen (Carlsbad, CA, USA) was 
employed based on the instructions of producer to extract 
total RNAs that were then transcribed into cDNA with 
PrimeScript RT Reagent Kit from Invitrogen. In the study, 
the primers used were as follows: GATA3 forward primer, 
5’-CAGCCTTCGCTTGGGCTTAAT-3’; GATA3 reverse 
primer, 5’-GATGGCAGGCTCAGTGATGTC-3’; SEMA3B 
forward primer, 5’-CCTCAACCTGGACAACATCAGC-3’; 
SEMA3B reverse primer, 5’CGAAGTTCATGCACTCAG-
TACCAA T-3’; GAPDH forward primer, 5’-CCACCCAT-
GGCAAATTCCATGGCA-3’; GAPDH reverse primer, 
5’-TCTAGACGGCAGGTCAGGTCCACC-3’. In the present 
study, qRT-PCR was performed in 15 µl system with SYBR 
Premix DimerEraser (Invitrogen) on a 7900HT system. 
Moreover, GADPH, the housekeeping gene, was considered 
as internal control and all primers were purchased from 
Invitrogen.

Western blot. 1× lysis buffer from Cell Signal Technology 
(CA, USA) was used to obtain cell extracts after cells washed 
twice with pre-cold PBS buffer. BCA assay was performed 
for determining the protein concentration. Afterwards, 50 μg 
proteins were separated on 12% SDS/PAGE gels followed 
by transfer onto nitrocellulose membranes. 5% skimmed 
milk was added into TBS containing 0.1% Tween-20 and 
the mixture was well mixed for blocking the membranes 
for 1 h. Next, the membranes were incubated with primary 
antibodies overnight at 4 °C and washed with TBST. Further, 
secondary antibodies were employed. An enhanced chemilu-
minescence system from DuPont (Boston, MA) was utilized 
to visualize bound antibodies. The densitometric analysis 
was carried on with ImageJ software. All antibodies were 
purchased from Abcam (Cambridge, MA, USA): primary 
antibodies – rabbit anti-GATA3 (1:1000, ab106625) and 
rabbit anti-SEMA3B (1:5000, ab48197), and secondary 
antibody – horseradish peroxidase-labeled mice anti-rabbit-
GAPH (1:1000, ab8245).

Cell transfection. Cell were incubated in DMEM 
medium to 60% confluency, the GATA3 expression level was 
attenuated by its specific small interference RNA (siRNA), 
si1-GATA3 or si2-GATA3 transfection, and enhanced by 
pc-DNA3.1-GATA3 (named as pc-GATA3). Besides, aiming 
to obtain the changes in miR-374b expression, miR-374b 
mimics (named as mimics) and inhibitors (named as inhibi-
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tors) were employed. Moreover, the SEMA3B sequence 
was cloned into pc-DNA3.1 plasmids as pc-SEMA3B to 
up-regulate SEMA3B expression. To explore the correla-
tion between miR-374b and GATA3, mimics + pc-GATA3 
and inhibitors + si-GATA3 were transfected into cells. For 
the relationship of miR-374b and SEMA3B, mimics + 
pc-SEMA3B transfection was performed. In the present 
study, the scrambled miR-374b sequence was considered 
as control group for mimics and inhibitors, and the blank 
pc-DNA3.1 plasmids and scrambled siRNA sequence for 
overexpression plasmids and knocked down sequence. All 
sequences and plasmids were obtained from Thermo Fisher 
Scientific (Waltham, MA, USA).

Dual luciferase assay. Aiming to detect the regulatory 
relationship between miR-374b and GATA3, the luciferase 
reporter recombining the 3’ UTR of the human wild type 
GATA gene (GATA3-wt) or mutant type GATA3 (GATA3-
mut) was purchased from RiboBio Company (Guangzhou, 
China). The reporter plasmids and internal control plasmids 
were both transfected into 293T cells along with miR-374b 
mimics or the scrambled sequence (100 pM). Further-
more, Dual-Luciferase® Reporter Assay kit from Promega 
(Madison, WI, USA) was utilized to determine the lucif-
erase signal. Moreover, the Turner Designs TD-20/20 was 
performed to detect the GATA3 promoter activation.

ChiP assay. For getting the comprehensive insight on 
whether GATA3 binding to SEMA3B promoter exerts its 
regulatory effects, chromatin immunoprecipitation (ChIP) 
assay was performed with MAGnify Chromatin Immuno-
precipitation System (Invitrogen). Si1-GATA3, si2-GATA3 
and NC group cells were prepared for ChIP assay and then 
crossed-linked by 1.2% formaldehyde for 10  min. After-
wards, the chromatin was sonicated to achieve 200–1000 bp. 
Then, the antibodies for GATA3 or IgG (positive control) 
were utilized to obtain antigen-antibody complex, which 
were collected by protein A agarose beads from Invitrogen. 
These non-specific binding proteins were washed with 
buffer. To obtain the input % of SEMA3B, PCR reaction 
was performed. In this study, Cell Signaling Technology 
(Danvers, MA, USA) provided all used antibodies and the 
primer sequences for SEMA3B promoter, Set #1: forward 
primer 5’-AGACAGGTATGACCGTGACC-3’ and reverse 
primer 5’-AGCTGTCTTGTGCTTGGGAAT-3’; Set #2: 
forward primer 5’-CAGACCTCATGGGACGAGAC-3’ and 
reverse primer 5’-TGGCTAGCTGTCTTGTGCTT-3’, were 
obtained from Thermo Fisher Scientific.

Cell viability assay. MTT (thiazolyl blue) assay was 
conducted for assessing cell viability. First, single cell suspen-
sions were collected using trypsin. 96-well-plates were used 
to incubate cells at a density of 1×103 cells/well for 48 h at 
37 °C. Ten μl MTT (5 mg/ml) from Sigma-Aldrich (St. 
Louis,  MO, USA) stock solution was added into each well 
containing 0.1 ml medium, which was then incubated for 
4 h at 37 °C, followed by adding 100 μl DMSO for 5 min at 
room temperature to dissolve crystals. Lastly, to determine 

cell viability, the absorbance at a wavelength of 570 nm was 
measured.

Apoptosis assay. Annexin V-FITC Apoptosis Detec-
tion Kit (Invitrogen) was employed to quantify apoptotic 
cells based on the manufacturer’s protocol. After transfec-
tion the cells were collected for staining with 5 μl Annexin 
V-FITC along with 10 μl 20 μg/ml propidium iodide (PI). 
These samples were then incubated at dark for 15 min. The 
apoptotic cells were detected by a FACScan flow cytometer.

Transwell analysis. Cell migration ability was determined 
with transwell analysis. In this study, a transwell chambers 
with 5.0 μm pore size and 6.5 mm diameter polycarbonate 
filter were used to culture 1.5×105 cells. Besides, 100 μl 
serum-free medium were added into upper chamber and 
the lower chamber was filled with 600 μl medium with 10% 
FBS. 36 h after incubating at 37 °C and 5% CO2, the migrating 
cells were fixed and then stained by 0.5% crystal violet. Cell 
numbers were computed under a light microscope.

Statistical analysis. Student’s t-test was conducted to 
assess the difference between two groups. In the present 
study, all data are presented as the mean ± standard deviation 
(mean ± SD). Moreover, p<0.05 was statistically significant. 
All experiments in this study were performed three times.

Results

High expression of miR-374b in glioma tissues and 
cell lines. We first examined the expression of miR-374b 
in glioma tissues and cell lines (U251, LN-229 and GOS-3) 
in comparison with healthy tissues and human astrocytes 
NHA. qRT-PCR results suggested that miR-374b was signifi-
cantly upregulated in glioma tissues relative to healthy tissues 
(Figure 1A) and the expression of miR-374b in glioma cell 
lines was higher than in normal human astrocytes NHA 
(Figure 1B). Besides, the overexpression of miR-374b in 
U251 was more obvious than in other glioma cell lines, so 
U251 was chosen for subsequent experiments.

Dysregulation of miR-374b contributed to influence the 
cell physiological state. To further investigate the miR-374b 
on glioma, miR-374b mimics and inhibitors transfections 
were employed to enhance and silence miR-374b expres-
sion. Scrambled miR-374b sequence was considered as 
control group (NC). qRT-PCR consequence demonstrated 
that miR-374b expression in mimics group was promoted 
compared with NC group, but the expression in inhibitors 
group was significantly inhibited, indicating the success of 
transfection (Figure 2A). Subsequently, CCK-8 assay was 
performed to determine cell viability. As shown in Figure 
2B, cells in mimics group displayed remarkably stronger 
viability compared with NC group, and cell viability in inhib-
itors was significantly suppressed as expected. Besides, cell 
apoptosis ratio was investigated using FCM analysis. The 
results suggested that overexpression of miR-374b contrib-
uted to lower cell apoptosis rate and as we expect, silencing 
miR-374b resulted in higher one compared with NC group 
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injection of miR-374b mimics did not change the luciferase 
viability of GATA3-wt group cells. qRT-PCR and western 
blot assay further proved this conclusion and results demon-
strated that mimics transfection suppressed GATA3 mRNA 
and protein expression, but injecting inhibitors resulted in 
enhancement in GATA3 mRNA and protein expression 
(Figures 3C–D).

MiR-374b targeted GATA3 involvement in glioma. 
After proving miR-374b targeted GATA3, it was assumed 
that miR-374b promoted glioma cell migration and viability 
and hindered cell apoptosis via suppressing GATA3 as a 
tumor suppressor gene. To verify the hypothesis, si1-GATA3 
and si2-GATA3 transfection was performed to knockdown 
GATA3. pc-GATA3 was used for GATA3 upregulation. As 
shown in Figure 4A, si1-GATA3 and si2-GATA3 could effec-
tively inhibit GATA3 expression and pc-GATA3 also success-
fully elevated GATA3 mRNA level. Besides, the inhibition 
of si1-GATA3 in GATA3 expression was stronger than 
si2-GATA3, so si1-GATA3 was employed for further experi-
ments. As shown in Figure 4B, si1-GATA3, pc-GATA3, 
mimics + pc-GATA3 and inhibitors + si1-GATA3 were 
transfected into U251 cells for deregulating GATA3. The 

(Figures 2C–D). Because of the significance of tumor metas-
tasis in the progression of glioma, cell migration ability was 
explored by transwell assay. The number of migrating cells 
in mimics group was higher than in NC group, which means 
more powerful metastatic ability (Figures 2E–F). Meanwhile, 
the results uncovered that inhibition of miR-374b expression 
contributed to weaker cell migration ability than that in NC 
group (Figures 2E–F). These results hinted that miR-374b 
might promote tumorigenesis via elevating cell viability, cell 
migration ability and reducing apoptosis ratio.

MiR-374b targeted GATA3. According to the predicting 
results of TargetScan database (http://www.targetscan.org/
vert_72/), miR-374b might target GATA3 to influence the 
glioma progression. To validate the regulatory relationship 
between miR-374b and GATA3, dual luciferase assay was 
conducted. In the present study, glioma cells transfected 
with luciferase reporter plasmid recombining GATA3-wt 
or GATA3-mut sequence (Figure 3A) were co-transfected 
with miR-374b mimics or the matched control sequence. As 
shown in Figure 3B, the relative luciferase expression of cells 
transfected with miR-374b mimics in GATA3-wt group was 
significantly inhibited compared with NC group. However, 

Figure 1. MiR-374b was upregulated in glioma and cell lines. A) qRT-PCR was employed to detect the expression of miR-374b in tumor and healthy 
tissues. B) The expression of miR-374b in three kinds of glioma cell lines, U251 that was chosen for further investigation in this research, LN-229 and 
GOS-3, and normal human astrocyte NHA were demonstrated by qRT-PCR. C–D) The expression of GATA3 mRNA and protein in healthy or patients’ 
tissues was investigated by qRT-PCR or WB assay, respectively. ***P < 0.001, compared with Healthy group or NHA group.
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results suggested that mimics co-transfected with pc-GATA3 
could reverse the increase in GATA3 expression promoted by 
pc-GATA3 and inhibitors + si1-GATA3 group showed lower 
GATA3 mRNA level than si1-GATA3 group. Afterwards, cell 
viability in each group was explored. Obviously, cell viability 
was enhanced by si-GATA3 compared with NC group but 
decreased by pc-GATA3. However, mimics + pc-GATA3 
and inhibitors + si1-GATA3, respectively reversed the effec-
tiveness of pc-GATA3 and si1-GATA3 (Figure 4C). On the 
contrary, si1-GATA3 decreased cell apoptosis ratio, which 
was opposite to the role of pc-GATA3. Mimics or inhibi-
tors co-transfected with pc-GATA3 or si1-GATA3, respec-
tively could attenuate the changes in apoptosis (Figure 4D). 
Moreover, cell migration was promoted by si1-GATA3 but 
inhibited by pc-GATA3 and in the same way mimics + 

pc-GATA3 and inhibitors + si1-GATA3 reversed the function 
of pc-GATA3 and si1-GATA3, respectively (Figure 4E).

GATA3 binding to the promoter of SEMA3B. In the 
previous study, promotion of SEMA3B expression by GATA3 
as transcription factor has been uncovered [27]. In our inves-
tigation, this regulatory relationship was evaluated. Figure 
5A indicated that when GATA3 was silenced, the input rate 
of SEMA3B promoter was lower comparing with the normal 
group, where the IgG was considered as positive control. Next, 
we altered GATA3 in U251 cells and monitored alterations in 
GATA3 and SEMA3B mRNA expression levels. Obviously, 
overexpression of GATA3 resulted in significant upregula-
tion of SEMA3B, but GATA3silencing exhibited suppressive 
role in SEMA3B expression (Figure 5B). To get more credible 
evidence, the SEMA3B protein expression levels was also 

Figure 2. MiR-374b promoted glioma process in vitro. A) Mimics and inhibitors were used to regulate miR-374b expression that was determined by 
qRT-PCR assay in U251 cell line. B) Cell viability was investigated by CCK-8 assay after cells being transfected with NC, mimics and inhibitors or 
blank. C–D) Cell apoptosis was assessed by FCM assay after cell being transfected with NC, mimics and inhibitors or blank. E–F) Cell migration ability 
was demonstrated by transwell analysis in transfecting cells. **p<0.01, compared with NC group.
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monitored and the results were parallel to SEMA3B mRNA 
level (Figures 5C–D).

MiR-374b promoted glioma progression via targeting 
GATA3 to inhibit SEMA3B. To validate the influence of 
miR-374b on SEMA3B, pc-SEMA3B for up-regulating 
SEMA3B, mimics and mimics + pc-SEMA3B were trans-
fected into U251 cells and then GATA3 along with SEMA3B 
mRNA and protein expressions were confirmed. From the 
results, it was noted that SEMA3B expression was positively 
correlated with GATA3 (Figures 6A–C). When cells were 
transfected with mimics, GATA3 mRNA and protein expres-
sions were inhibited resulting in lower SEMA3B expression. 
However, transfecting pc-SEMA3B did not influence GATA3 
but significantly elevated SEMA3B expression, meaning 
that GATA3 was not indispensable for SEMA3B expres-
sion. Furthermore, mimics + pc-SEMA3B transfection 
contributed to reverse the inhibition in SEMA3B resulting 
from mimics (Figures 6A–C). Next, the role of pc-SEMA3B, 
mimics and mimics + pc-SEMA3B on cell viability, apoptosis 
and migration have been elucidated. In Figure 6D, it was 
obvious that pc-SEMA3B significantly repressed cell viability 
and mimics promoted that. Besides, mimics co-transfected 
with pc-SEMA3B ameliorated the increase in cell viability 
induced by transfecting mimics. Meanwhile, up-regulation of 

SEMA3B accelerated cell apoptosis that was opposite to the 
effects of mimics that could repress SEMA3B transcription 
via GATA3 (Figures 6E–F). Equally, the function of mimics, 
inhibiting the apoptosis, could be reversed by co-transfection 
with pc-SEMA3B (Figures 6E–F). In Figure 6G-H, we could 
observe lower cell migration numbers in pc-SEMA3B group 
but higher numbers in mimics group than that in NC group. 
Similarly, mimics + pc-SEMA3B group manifested weaker 
migration ability compared with mimics group. These results 
elucidated that miR-374b involved in the glioma progression 
through targeting GATA3 that functioned as transcription 
factor via binding to the promoter of SEMA3B.

Discussion

In the present study, numerous experiments were 
conducted to investigate the particular molecular mechanism 
of miR-374b/GATA3/SEMA3B axis involved in progression 
and development of glioma and the results indicated that 
miR-374b exerted its function through mediating SEMA3B 
via targeting GATA3.

Numerous studies focused on pathogenesis and progress 
of tumors investigated the role of miRNAs. Wu et al. revealed 
that miR-192, regulating EGR1 and HOXB9, had potent 

Figure 3. MiR-374b targeted GATA3. A) The targeting sequence of miR-374b and GATA3. B) Dual luciferase assay was utilized to analyze the effects 
of miR-374b on GATA3-wt and GATA3-mut. C–D) qRT-PCR and western blot assay were used to detect changes of GATA3 mRNA and protein after 
transfection. **p<0.01, compared with NC group.
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Figure 4. GATA3 suppressed glioma process and was targeted by miR-374b in vitro. A) qRT-PCR was used to determine GATA3 mRNA expression 
after si-NC, si1-GATA3, si2-GATA3, pc-NC and pc-GATA3 transfection. B) qRT-PCR was used to determine GATA3 mRNA expression after NC, si1-
GATA3, pc-GATA3, mimics + pc-GATA3 and inhibitors + si1-GATA3 transfection. C–D) GATA3 protein expression level was detected via WB assay 
after NC, si1-GATA3, pc-GATA3, mimics + pc-GATA3 and inhibitors + si1-GATA3 transfection. E) Cell viability was assessed by CCK-8 after NC, si1-
GATA3, pc-GATA3, mimics + pc-GATA3 and inhibitors + si1-GATA3 transfection. F) Apoptosis ratio was demonstrated after cell being transfected. 
G) Cell migration was measured by transwell assay. **p<0.01, compared with NC group, ##p<0.01, compared with pc-GATA3 group, and &&p<0.01, 
compared with si1-GATA3 group.
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anti-angiogenic effect in several cancer types [30]. Besides, 
there was study that uncovered miR-31 could suppress Wnt 
signaling pathway to contribute to breast tumorigenesis [31]. 
Moreover, Sumazin et al. elucidated that massive miRNAs 
played crucial role in canonical oncogenic pathways in 
glioblastoma via mediating key genes, such as PTEN, 
PDGFRA and RUNX1 [32]. According to previous report, 
reversion inducing cysteine rich protein with kazal motifs 
(RECK) was a target gene of miR-374b, by which miR-374b 
significantly promoted gastric cancer cell invasion and 
metastasis [13]. Therefore, we analyzed miR-374b expres-
sion in patients with glioma and three glioma cell lines in 
comparison with normal tissues and cell lines. Our results 
suggested that miR-374b was upregulated in patients with 
glioma and tumor cell lines. However, the particular effects 
of miR-374b on pathogenesis and progress of glioma were 
indistinct.

To obtain the function of miR-374b in glioma, mimics 
and inhibitors have been employed and then the cell viability, 
apoptosis and migration were identified, results of which 
exhibited the promotion of miR-374b in glioma. Similarly, 
there was report indicating that miR-374b promoted prolif-
eration and inhibited apoptosis through PI3K/Akt pathway 
in gastrointestinal stromal tumors [33]. Molecular classifica-

tion of the mechanism of miR-374b involvement in glioma 
cell physiological process was helpful for clinical diagnosis 
and treatment. So, we predicted the target gene of miR-374b 
in glioma through TargetScan database, finding that GATA3 
was a potential target gene of miR-374b (Figure 3A) as verified 
by dual luciferase assay. Substantial studies demonstrated 
tumor suppressor role of GATA3 in various cancers including 
bladder cancer [19], breast cancer [34] and glioblastoma 
[17]. In study of Pors et al., GATA3 showed obvious role in 
identifying mesonephric and mesonephric-like carcinomas 
of the gynecologic tract [40]. However, Yang et al. indicated 
that deficiency of GATA3-positive macrophages improves 
cardiac function in the patients with myocardial  infarction 
or pressure overload hypertrophy [41]. Since the function 
of GATA3 and its relationship with miR-374b was vague, it 
deserved to be further investigated. In our study, upregula-
tion GATA3 inhibited cell viability; migration but promoted 
apoptosis and miR-374b reversed the function of GATA3 in 
these issues. In the research of Zhong et al. [35], miR-720 
targeting GATA3 was revealed. Homoplastically, Yang et 
al. elucidated that miR-200 inhibited expression of GATA3 
[36]. Therefore, miR-374b might target GATA3 to suppress 
its expression thus contributing to pathogenesis and progress 
of glioma.

Figure 5. GATA3 bound to the promoter of SEMA3B. A) Chromatin immunoprecipitation was performed to identify the relationship between GATA3 
and SEMA3B. B–D) After changing the GATA3 expression, SEMA3B mRNA and proteins expression level was assessed by qRT-PCR and western blot, 
respectively.
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Figure 6. MiR-374b involved in the progression of glioma through inhibiting SEMA3B via targeting GATA3. A) The expression level of GATA3 mRNA 
and SEMA3B was identified after NC, pc-SEMA3B, mimics and mimics + pc-SEMA3B transfection. B–C) The expression level of GATA3 protein and 
SEMA3B was identified after NC, pc-SEMA3B, mimics and mimics + pc-SEMA3B transfection. D) Cell viability was assessed by CCK-8 after NC, 
pc-SEMA3B, mimics and mimics + pc-SEMA3B transfection. E–F) Apoptosis ratio was demonstrated after NC, pc-SEMA3B, mimics and mimics + 
pc-SEMA3B transfection. G–H) Cell migration was also measured by transwell assay.
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Semaphorin 3B (SEMA3B), as one of semaphorin (SEMA) 
superfamily, was a secreted axonal guidance molecule that 
contained a highly conserved and was expressed during 
development and throughout adulthood. According to 
Ryynanen et al., regulation SEMA expression level could 
affect the development of osteoblasts [42]. Moreover, there is 
report that SEMA3B and SEMA3G expression would disrupt 
neural network formation in the mammalian nervous system 
[43]. As reported by Shahi et al., SEMA3B was regulated by 
GATA3 that bound to the site of the promoter of SEMA3B 
[27]. However, identification of SEMA3B effect exerted in 
glioblastoma is weak. Hence in view of this, we assumed 
that miR-374b is involved in glioma progress by influencing 
SEMA3B via targeting GATA3. Numerous studies had 
identified that SEMA3B functioned as a tumor suppressor in 
various cancers, including non-small cell lung cancer [37], 
endometrial cancer [38] and glioblastoma [39]. In our study, 
enhancing the expression of SEMA3B contributed to inhibition 
of cell migration and viability and acceleration of apoptosis.

Our results demonstrated that miR-374b post-transcrip-
tionally hindered GATA3 expression resulting in attenuating 
SEMA3B expression and thus promoted invasion and metas-
tasis of glioma cells. In the future, more studies should be 
conducted for exploring the role of miR/GATA3/SEMA3B 
axis in animal models of glioma and revealing more compre-
hensive relative mechanism.

In conclusion, this study discovered that human glioma 
cells had significant upregulation of miR-374b. Furthermore, 
miR-374b could facilitate migration and viability but deceler-
ated apoptosis of glioma cells, possibly through suppressing 
SEMA3B via targeting GATA3. Our findings introduced 
novel biomarkers that could potentially provide new thera-
peutic strategies for glioma.
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