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Introduction

Glioma accounts for approximately 46% of intracranial 
tumors, with an incidence rate of 3–10/100,000 (1-3). As 
glioma cells can proliferate infinitely and are extremely 
invasive, they exhibit characteristics including rapid and 
invasive growth as well as the ability to easily invade the 

surrounding normal brain tissue (4). Moreover, it is usually 
difficult to remove them completely, and the postoperative 
recurrence rate is high (5). The survival time of patients is 
short, the mortality rate is high, and the prognosis is poor. 
Glioma is the most common primary tumor of the central 
nervous system (CNS), accounting for about 40–60%  
(6-8). At present, the main treatment of glioma is tumor 
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resection, followed by radiotherapy and chemotherapy. 
Owing to the heterogeneity of the mass, the unbounded 
combination of the mass and normal tissue, and the high 
invasiveness of glioma cells, the prognosis is poor, and 
postoperative recurrence is common (9). Therefore, there 
is an urgent need to explore new concepts and methods as 
well as novel molecular targets for the treatment of glioma. 
Many connexin (CX) molecules have been explored in the 
CNS: CX30, CX32, CX36, and CX43 in neurons. CX30, 
CX40, CX43 and CX45 in astrocytes; CX32, CX36 and 
CX43 in microglia; CX26, CX32, CX29, CX36 and CX47 
in oligodendrocytes. Although the large family consists 
of connexins, CX43 is highly expressed in patients with 
glioblastoma tissue and seems to be a marker of glioma that 
distinguishes it from other types of brain cancer, such as 
oligodendrocyte. CX43 acts like a tumor suppressor, leading 
to dedifferentiation of cancer cells and inhibiting metastasis, 
thereby affecting tumor progression.

Gap junction (GJ) channels are formed by the pairwise 
docking of two adjacent cells through linkers (10). Under 
physiological conditions, the intercellular current, ion, 
and molecular weight are allowed to be less than 1.2 Ku  
molecules, with a diameter <10 nm, and for second 
messenger material to pass through (11). CX43 is the 
most abundant CX expressed in the CNS and is mainly 
distributed in astrocytes. A previous study has shown that 
CX43 is a tumor suppressor gene that can reverse the 
phenotypic transformation of cancer cells, such as breast 
cancer and neurotic glioma cells (12). Although the CX43 
surface reach level change is not the initiating factor of 
glioma, the CX43 surface reach level is related to the 

pathological type and malignant degree of glioma.
CX43 is involved in tumor cell proliferation, migration, 

and adhesion, and has thus become a potentially important 
target for the treatment of glioma (13). Cytokines can 
maintain the rapid growth of tumor cells and promote their 
dissemination and metastasis so that tumor cells continue 
to proliferate, metastasize, and invade normal tissues. Due 
to gene mutations, most tumor cells overexpress epidermal 
growth factor (EGF), insulin-like growth factor (IGF), and 
platelet-derived growth factor (PDGF), as well as other 
growth factors and their receptors. Signaling of these 
factors is mainly through the mitogen-activated protein 
kinase (MAPK) signaling pathway, which is transmitted to 
the nucleus and induces a hyperproliferative response (14).  
MAPK is an important intracellular information transfer 
substance that is involved in the physiological and 
pathological processes of cell proliferation, differentiation, 
and apoptosis (15). Numerous studies have shown that 
MAPK can transmit membrane receptor stimulation 
signals to target sites in the nucleus and regulate cell gene 
transcription and protein synthesis (16-18). Furthermore, 
it also is the core loop segment of many extracellular 
pro-cell proliferation signal transduction pathways. The 
extracellular regulated protein kinases (ERK)1/2 pathway 
plays an important role in cell proliferation response 
caused by growth factor-related stimulation, while the 
p38MAPK pathway, which participates in the stress 
response, is mainly activated and regulated by damaging 
factors, such as ultraviolet light, hydrogen peroxide, and 
proinflammatory cytokines (16-18). Vascular endothelial 
cells can absorb miR-1 from glioma exosomes and enhance 
angiogenesis. On the contrary, overexpression of miR-1 in 
glioma cells can inhibit the proliferation and migration of 
human microvascular endothelial cells and the expression 
of vascular endothelial growth factor, a key factor of 
angiogenesis, in cell co-culture experiments. In conclusion, 
the regulation of miRNA on angiogenesis of glioma may 
indirectly affect the sensitivity of glioma to chemotherapy. 
Tumor-associated macrophages are another important cell 
component in glioma microenvironment.

Gap junction intercellular communication (GJIC) is 
closely related to tumors (19). The mutation, expression, 
or intracellular localization changes of CXs are found in 
most tumor cells, and the ability of GJIC is reduced or lost. 
As an important component of GJIC, CX43 regulates the 
function of GJIC to a large extent. Some researchers have 
pointed out that higher malignant degrees of brain glioma 
are indicative of weaker GJIC function and reduced CX43 
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Table 1 Primer design and synthesis parameters

Primers Primer sequences (5'→3') Source of primers

hsa CX43-103-F AGGAGTTCAATCACTTGGCG Synthetic by manual design

hsa CX43-103-R ACCTTGTCAAGGAGTTTGCC Synthetic by manual design

GAPDH-127F(H) CCAGGTGGTCTCCTCTGA Synthetic by manual design

GAPDH-127R(H) GCTGTAGCCAAATCGTTGT Synthetic by manual design

CX, connexin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

expression. Transfection of CX43 into human glioma cells, 
U251 and T98G, significantly inhibits cell proliferation, 
suggesting that CX43 may be a tumor suppressor gene (20). 
CX43 is a promising therapeutic target for glioma, and 
therefore, investigating the regulation of CX43 is critical. 
The present study aimed to determine whether microRNA 
(miR)-1 could regulate CX43 in glioma cells and affect 
its invasive growth. We present the following article in 
accordance with the MDAR reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-22-
2318/rc).

Methods

Source of glioma cell lines

Glioma cell lines was purchased from company (Procell 
Life Science&Technology Co., Ltd., Wuhan, China). 

Stable cell lines were screened

Cells were seeded into six-well plates at 5×107 cells·L−1 
and cultured for 24 h for transfection. Solution A was 
prepared as follows: 240 μL serum free culture base + 10 μL 
Lipofectamine 2000 in a total volume of 250 μL, which was 
incubated for 5 min at room temperature. As for Solution B, 
220 μL serum-free medium + 30 μL plasmid (130 mg·L−1) 
was added to each well (total volume =250 μL). Solutions 
A and B were thoroughly mixed and incubated at chamber 
temperature for 20 min. The cells in the six-well plate 
were washed twice with phosphate-buffered saline (PBS) 
and 2 mL serum-free medium was added. Next, 500 μL 
of solution A/B mixture was added, and the culture plate 
was shaken and mixed. After 6 h, the volume fraction of 
replacement was 0. Dulbecco’s Modified Eagle Medium 
(DMEM) medium with 1 fetal bovine serum (FBS) was 
cultured for 48 h, and then DMEM medium containing 

G418 (800 mg·L−1) was replaced for screening. Fresh 
medium containing G418 was used every 3 days to replace 
the medium containing a large number of dead cells. 
When the resistant cells became overgrown, the cells were 
subcultured and frozen for preservation.

Cell culture

U251 cells were cultured in DMEM medium containing 
10% FBS in incubators containing 5% CO2 at 37 ℃ in 
saturated humidity. Cell planking and transfection was 
performed as follows: 293T cells in the logarithmic growth 
phase and in a good growth state were digested with 0.25% 
trypsin. After calculation by cell counting, they were seeded 
into 24-well plates at a density of 6×104 cells/well and 
spread for 18–24 h (try not to exceed 24 hours, otherwise 
transfection efficiency will be affected). Cell length to 70–
90% transfection (cell density that is too thin or too dense 
will affect the transfection efficiency).

Real-time quantitative polymerase chain reaction (RT-
qPCR) experiment

We extracted total RNA using TRIzol (Invitrogen) 
or a miRNeasy Kit (QIAGEN, Cat,  217004).  For 
mRNA detection, cDNA was obtained using a reverse 
transcription system kit (Promega) with oligo-DT 
primers. Quantitative reverse transcription polymerase 
chain reaction (qRT-PCR) assays were performed in a 
one-step + system (Applied Biosystems, America) using 
SYBRGreenPCRMas (Applied Biosystems) with kit 
according to the standard protocols, and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was selected as an 
endogenous control. A miRNA assay was designed with 
miR-specific stem-loop primers for reverse transcription, 
and U6RNA was used as an endogenous miRNA control. 
The primer design is shown in Table 1.

https://tcr.amegroups.com/article/view/10.21037/tcr-22-2318/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-2318/rc
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Westernblot (WB) experimental analysis

WB experimental analysis was performed according to the 
standard protocols. Briefly, total cell lysates were prepared 
in sodium dodecyl sulfate buffer. We loaded equal amounts 
of protein onto sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis for curing, and then transferred the protein 
to a polyvinylidene fluoride membrane. After dilution, 
the following primary antibody ratio was added: anti-
MMP2 (Abcam, America), anti-MMP3 (Abcam, 1:2,000), 
anti-MMP2 (Abcam, 1:2,000), anti-gum, (Santa Cruz 
Biotechnology, 1:500), anti-collagen II (well, America,  
1:1,000), anti-collagen I (Millip, America,1:1,000), and anti-
GAPDH (Abcam, America, 1:5,000).

Dual luciferase gene testing

The dual-luciferase gene was used to detect whether the 
miR-1 gene was the direct target gene of CX43. Forty-
eight hours after transfection, the cells were harvested and 
lysed. Luciferase activity was measured using the luciferase 
detection Kit (K801-200, USA) and the Glomax20/20 
Luminescence Kit (Madison, USA). In addition, each 
experiment was repeated three times. The relative light unit 
(RLU) was measured after gun beating or mixed in other 
appropriate ways, and the expression of one gene in the 
U251 cell samples was further quantitatively detected by 
qPCR assay. 

Cell transfection assay

The cells were isolated with 0.25% trypsin, subcultured at 
a ratio of 1:2 or 1:3, cultured in DMEM supplemented with 
10% FBS, and incubated in a 5% CO2 incubator at 14,837 
℃. The cells were treated with 0.25% trypsin for 30 seconds 
every 2 days. After removing the supernatant, we suspended 
the cells in 1 mL of fresh complete medium and packed 
them in two sterile culture flyers at a ratio of 1:2 to 1:5 and 
supplemented the medium to 4 mL before the cells were 
cultured in a 5% CO2 incubator at 37 ℃. When the cells 
reached the logarithmic growth stage, they were assigned to 
the simulated normal cells, CX43-WT miR-NC, miR-1-3p, 
CX43-Mut miR-NC, and miR-1-3p groups. The cells were 
seeded in six-well plates 24 h before transfection. When 
cells reached 50% confluence, we transfected them using 
Liposome 2000 (Carlsbad, USA). The medium was changed 
after 6 hours of incubation, and the cells were collected after 
48 hours of incubation to facilitate further experiments.

Statistical analysis

All experiments in this study were repeated at least three 
times, and experimental data were expressed as mean ± 
standard deviation (SD). We used the Student’s t-test 
to assess continuous data between the two groups and 
the Kruskal-Wallis test was adopted for multiple group 
comparisons. In addition, statistical analyses were performed 
using GraphPad Prism 8 and R software (Version 3.6.1, 
America). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Analysis of the growth and proliferation cycle of glioma 
cells

In this study, flow cytometry showed that the miR-1-3p 
mimics model of U251 cells had a certain inhibitory effect 
on cell proliferation, while the miR-1-3p inhibitor model 
of U251 cells exhibited a certain proliferation-promoting 
effect (Figure 1).

Analysis of brain glioma cell apoptosis

The experimental results showed that compared with the 

Figure 1 Analysis of the CCK-8 proliferation curves in the U251 
groups. miR, microRNA; mimics NC, mimics normal control; 
OD, optical density; CCK-8, Cell Counting Kit-8. 
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Figure 2 Flow cytometric analysis of glioma cell apoptosis (A: control: P1; B: mimics NC: P1). mimics NC, mimics normal control; UL, 
upper lower; UR, upper right; LL, left lower; LR, left right; PE-A, PhycoErythrin-A. 

Table 2 Statistical analysis of apoptosis data

Group Control mimics NC miR-1-3p mimics Inhibitor NC miR-1-3p inhibitor

Cell apoptosis (%) 5.24 11.44 5.53 4.56 8.81

mimics NC, mimics normal control; miR, microRNA.

mimics normal control (NC) group, the apoptosis rate 
of the miR-1-3p mimics group was decreased (Table 2), 
while that of the miR-1-3p inhibitor group was increased 
compared with the inhibitor NC group (Figures 2 and 3).

Transwell assay was used to detect the invasiveness of cell lines

Transfection efficiency was usually measured by flow 
cytometry at 48 h after transfection. Through fluorescence 
(FL), 1 green-fluorescent protein (GFP) (pTTo/GFPq, 
NRC, BRI; 5% of the total plasmid DNA) was applied to 
detect the transfected cells. Dead cells were stained with 
2 μg/mL propidium iodide. The miR-1-3p mimics model 
of U251 cells exerted an inhibitory effect on the invasion 
ability of cells (Table 3), whereas the miR-1-3p inhibitor 
model of U251 cells exhibited an invasion-promoting effect 
(Figures 4 and 5).

Analysis of the dual-luciferase test results

The dual-luciferase assay was used to detect the regulatory 
relationship between gene elements related to plasmid 
vectors. The results showed that the luciferase activity of 
miR-1-3p decreased significantly compared with miR-
NC in the CX43-WT group. However, in the CX43-mut 
group, the luciferase activity of miR-1-3p did not change 
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compared with miR-NC. Thus, it was concluded that 
miR-1-3p has a targeted relationship with the CX43 gene 
(Figure 6).

qRT-PCR and western blotting were applied to detect the 
expression of miR-1 and CX43

Our results showed that the expression of miR-1-3P-mimics 
in the CX43 genome was decreased compared with that in 
the mimics-NC control group. Also, compared with the 
inhibitor-NC control group, the expression of the miR-1-
3P-inhibitor group was up-regulated (Figure 7).

Analysis of the cell histochemical experimental results

Immunohistomorphological observation is the basis of 
pathological diagnosis. Common immunohistochemical 
markers include GFAP, Olig2, EMA, EGFRvIII, KI-67, 
ATRX, TP53, RELA, and BRAFV600E. The most recent 
version of the CNS tumor classification has changed the 
traditional morphological classification method of glioma 
and proposed a comprehensive classification of glioma 
based on its histopathological and molecular characteristics. 
The key genetic materials related to the development and 
progression of glioma were included in this classification, 
including IDH1/2 mutation, chromosome 1P/19q co-
deletion, and histone H3K27M mutation (Figure 8).

Discussion

Glioma is a common malignant intracranial tumor 
with a high incidence. It is difficult to achieve complete 
surgical resection of glioma, and its degree of malignancy 
is increasing (21). CX43 (a tumor suppressor gene that 
inhibits tumor cell growth) and PCNA (an indicator of 
tumor cell proliferation) have been recognized as important 
by many scholars in this field (22). Numerous tumors 
exhibit decreased or absent CX43 gene expression and are 
associated with disrupted GJ communication. Also, up-
regulated expression of this gene can inhibit the growth of 
tumor cells (23). Proliferating cell nuclear antigen (PCNA) 
is a nuclear protein that is essential for DNA synthesis in 
eukaryotic cells. It is mainly expressed in proliferative cells 

Table 3 Data analysis of the invasion results in the U251 groups

Group Control mimics NC miR-1-3p mimics Inhibitor NC miR-1-3p inhibitor

Invasiveness of cell lines  
(mean ± standard deviation)

535.667±31.50 529.667±25.81 444.333±18.15 513.333±17.04 638.667±9.71

mimics NC, mimics normal control; miR, microRNA. 

miR-1-3p inhibitorInhibitor NCmiR-1-3p mimicsMimics NCControl

Figure 5 The relative invasion rate of U251 cells in each group. 
**, P<0.05; ***, P<0.01. mimics NC, mimics normal control; miR, 
microRNA.

Figure 4 Analysis of cell invasion assay in each group (cell staining method: Reye’s staining method; magnification: ×20). mimics NC, 
mimics normal control; miR, microRNA.
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and has obvious periodicity. The periodicity is consistent 
with DNA synthesis, and its expression increased with the 
degree of tumor malignancy. Therefore, PCNA can be used 
as an index to explore cell proliferation status (24). Studies 
have been conducted on the expression of the CX43 gene in 
glioma both at home and abroad; however, the relationship 
between CX43 gene expression and cell proliferation in 
human glioma has not yet been reported. We applied 
immunohistochemistry to detect the CX43 protein and  
in situ molecular hybridization to detect the mRNA 
expression of CX43 in glioma. At the same time, PCNA 
was used as an indicator of cell proliferation to analyze the 

relationship between CX43 gene expression and glioma 
proliferation and to explore the mechanism of CX43 gene 
expression and glioma (25-27).

The CX gene family encodes proteins that constitute the 
basic structural and functional units of GJs, which mediate 
intercellular communication (28). In many tumors, CX 
gene expression is decreased or absent and gap junction 
communication (GJ1C) is disrupted. As early as 1966, 
Loewenstein and Kanno discovered a lack of intercellular 
electrical coupling in tumor cells; that is, a breakdown of 
intercellular communication at GJs. Later studies confirmed 
that GJ communication defects were prevalent in tumor 
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Figure 7 qRT-PCR and western blotting of miR-1 and CX43. (A) Western-blotting; (B) qRT-PCR. ***, P<0.01. mimics NC, mimics normal 
control; miR, microRNA; CX, connexin; qRT-qPCR, quantitative real-time polymerase chain reaction. 

Figure 6 Histogram analysis of fluorescein activity. (A) Fluorescein activity in each group; (B,C) image of plasmid vector for dual-luciferase 
monitoring (magnification: ×10). ***, P<0.01. ns, not statistically; CX, connexin; WT, wild-type; miR, microRNA; Mut, mutant.
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A

B

Figure 8 Analysis of the immunological characteristics of glioma tissue (cell immunohistochemistry method: Streptavidin-biotin complex 
method; magnification ×20 for the cell maps in the left of both, and magnification ×100 for the cell maps in the right of both). 

and transformed cells, and GJIC recovery was associated 
with the control of tumor growth and the inhibition of 
phenotypic transformation. Since then, the role of the CX 
gene and GJIC in the process of tumor cell degeneration 
has been directly confirmed by the isolation of CX and the 
cloning of its gene (29). Some members of the CX gene 
family have the ability to inhibit cell growth and coordinate 
the growth of a single cell with adjacent cells, exhibiting 
the characteristics of tumor suppressor genes. Thus, this is 
considered to be a family of tumor suppressor genes (30).

CX43 is encoded by a 2,768 bp span of DNA. The 
cDNA contains a 1,146 bp open reading frame, which is 
named accordingly because it encodes a single peptide 
with a molecular weight of 43 kD and contains 378 amino  
acids (31). A recent study has found that the decrease or loss 
of CX43 expression is closely related to the occurrence and 

development of glioma, lung cancer, breast cancer, cervical 
cancer, and other tumors (32). Domestic literature has 
reported that CX43 is highly expressed in the epithelial cell 
membranes of normal gastric and laryngeal mucosa, while 
its expression is reduced or absent in gastric and laryngeal 
cancer cells, and it is mostly located in the cytoplasm. 
Moreover, a relevant study has detected the expression of 
CX43 in breast cancer specimens and found that CX43 
is the main GJ protein in normal breast tissues but not in 
carcinoma in situ or invasive carcinoma. CX43 deficiency is 
also a common feature of human breast cancer tissues (33).

The expression of the CX gene and its encoded protein 
in human glioma can be decreased or deleted, as is the case 
in several other malignant tumors. CX43 change is not the 
initiating factor of glioma (34). Therefore, it is believed 
that decreased CX43 expression may cause glioma to 
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progress from a low to a high malignant degree or increase 
tumor aggressiveness. Recently, immunohistochemistry 
and western blotting were used to report the expressions 
of CX43 and CX26 in various tumors (35). CX43 was 
found to be expressed not only in astrocytoma but also 
in oligodendroglioma, ganglioglioma, meningioma, 
and medulloblastoma, indicating that the cells were 
dedifferentiated during tumor development. 

In recent years, scholars have devoted themselves 
to studying the relevant factors of the occurrence and 
development of various malignant tumors (36-40). This can 
provide a theoretical basis for the prevention and treatment 
of malignant tumors. The CX gene and its encoded protein 
are widely expressed in nervous system tumors, especially in 
gliomas of all levels. However, the expression level require 
further study. Although the results of this study suggest that 
the CX43 gene plays an important role in the growth and 
development of malignant glioma cells, whether this gene 
can be an optimal target for malignant glioma gene therapy 
remains to be further investigated.

Conclusions

The down-regulation of CX43 expression provides a new 
target for us to treat glioma, but it still needs further clinical 
research to confirm.
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