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Abstract
As an aggressive malignancy, glioblastoma multiforme (GBM) is the most common type of brain tumor. The existing treat-
ments have shown limited achievement in increasing the overall survival of patients. Therefore, identifying the key molecules 
involved in GBM will provide new potential therapeutic targets. Carmustine is an alkylating agent used as a supplementary 
therapeutic option for GBM. However, the extensive use of carmustine has been limited by uncertainty about its efficacy. 
MicroRNAs (miRNAs) are essential in post-transcriptional gene regulation. Many aberrantly expressed miRNAs have been 
detected in various types of human cancer, including GBM. In this study, we evaluated the potential therapeutic effect of 
miR-143 in combination with carmustine on GBM cells. A172 cells were transfected with miR-143 mimics and then treated 
with carmustine. To assess the cell viability, apoptosis induction, and cell cycle progression, the MTT assay, Annexin V/
PI apoptosis assay, and flow cytometry were used, respectively. Furthermore, qRT‐PCR assay was applied to evaluate the 
expression level of genes related to apoptosis. The obtained results evidenced that miR-143 transfection could promote the 
sensitivity of A172 cells to carmustine and enhance carmustine-induced apoptosis via modulating the expression levels of 
Caspase-3, Caspase-9, Bax, and Bcl-2. Also, our results revealed that combination therapy could effectively diminish cell 
cycle progression in A172 cells. In conclusion, these results confirmed that miR-143 could enhance carmustine-mediated 
suppression of cell proliferation and improve the chemosensitivity of A172 cells to this chemotherapeutic agent. Therefore, 
miR-143 combination therapy may be a promising GBM treatment approach.
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Introduction

As an aggressive and lethal cancer, glioblastoma multiforme 
(GBM) accounts for about 60% of brain tumors in adults. 
The incidence of GBM is less than 10 per 100,000 persons, 
but its rate has grown over the last decade. The median sur-
vival from diagnosis in patients with GBM is about ten months 
(Taylor et al. 2019). Hallmarks of the aggressive GBM include 

extensive infiltration and vascular proliferation into the brain 
parenchyma. The standard treatment for GBM is surgery. This 
method includes consideration of maximum resection of tumor 
tissue. Even, when possible, surgical resection of GBM is lim-
ited via the aggressiveness of the GBM, which is character-
ized by extensive tumor vascularization and infiltration into the 
surrounding tissue. Hence, resection surgery is followed by a 
course of radiotherapy and chemotherapy (Ozdemir-Kaynak 
et al. 2018). Various chemotherapeutic agents have been used 
to improve GBM patients’ survival rate. Among these, alkylat-
ing antineoplastic agents, including temozolomide, lomustine, 
and carmustine, have displayed some advantages and have been 
employed clinically in treating GBM (Hanif et al. 2017). Car-
mustine, which is a nitrogen mustard compound, induces the 
formation of interstrand DNA crosslinks between the amino 
group of cytosine and guanine bases. Carmustine is used either 
in the initial diagnosis of GBM or tumor recurrence by wafer 
implantation or intravenous injection (Xiao et al. 2020; Wu et al. 
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2021).  O6-alkylguanine-DNA transferase (AGT) is an enzyme 
participating in DNA repair, and studies have shown that it 
provides chemoresistance in brain tumors, especially against 
carmustine. Subsequently, carmustine is sometimes used in 
cooperation with inhibitors of AGT to achieve better therapeutic 
outcomes (Gajewski et al. 2005; Attenello et al. 2012). Carmus-
tine is highly cytotoxic, and treatment with this drug leads to 
the development of resistance that further limits its advantage; 
moreover, it is associated with many side effects (Friedman et al. 
2000). In patients with GBM, chemotherapy efficacy is limited 
due to high recurrence rates, devastating neurological deteriora-
tion, and overall resistance to therapy (Kim et al. 2015). Micro-
RNAs (miRNAs) are a class of short single-stranded non-coding 
RNA, having 21–25 nucleotides length. miRNAs play critical 
roles in protein translation inhibition and mRNA degradation by 
directly targeting mRNAs. Currently, over 700 miRNAs have 
been identified in human cells. By regulating the expression of 
oncogenes and tumor suppressors, they participate in processes 
correlated to the molecular pathology of cancer. Moreover, 
miRNAs are usually located in fragile genomic regions or can-
cer-related regions (Novakova et al. 2009; Ghasabi et al. 2019; 
Buruiană et al. 2020; Rezaei et al. 2020). miR-143, located in 
miR-143/miR-145 cluster on chromosome 5, is evolutionarily 
conserved across species. This cluster is located on chromo-
some 5 in human (5q33). miR-143 is imperative in cancer cells' 
growth, progression, and invasiveness (Das and Pillai 2015; Poli 
et al. 2020). miR-143 is highly expressed in human's normal tis-
sues, including the colon, cervix, uterus, prostate, stomach, and 
small intestines. In contrast, a low level of miR-143 expression 
was described in the kidney, placenta, skeletal muscle, liver, 
testis, brain, and spleen (Iio et al. 2010). Studies have shown 
that miR-143 is remarkably downregulated in some cancer cell 
lines, including prostate (Ozen et al. 2008), colon (Akao et al. 
2010; Hosseini et al. 2023), ovary (Iorio et al. 2007), bladder 
(Noguchi et al. 2013), breast (Iorio et al. 2011), neuroblastoma 
(Yamagata et al. 2010), renal cell carcinoma (Wach et al. 2013), 
osteosarcoma (Zhang et al. 2010), esophageal squamous cell 
carcinoma (Wada et al. 2020) and GBM (Zhao et al. 2013; Zaer 
et al. 2023). A growing body of studies has revealed that miR-
143 overexpression could increase the sensitivity of malignant 
cells to chemotherapy agents, including temozolomide in GBM 
cells, oxaliplatin in colon cancer cells, and docetaxel in prostate 
cancer cells (Xu et al. 2011; Wang et al. 2014; Gomes et al. 
2018).

Material and methods

Cell culture

A172, U87 and U373 human GBM cell lines were received 
from the Pasture Institute of Iran, and cells were grown in 
Gibco RPMI‐1640 medium (USA) containing 10% fetal 

bovine serum (Gibco, USA), 100 μg/mL streptomycin 
and 100 U/mL penicillin at 37°C in a moist atmosphere 
providing 95% humidity and 5% carbon dioxide. The sub-
culture was performed when the cells reached confluency 
(70–80%). The cell detachment was done using trypsin 
EDTA (0.25%, Gibco, USA).

RNA extraction, cDNA synthesis and quantitative 
real‑timePCR (qRT‐PCR)

According to the protocol, the cell's total RNA was iso-
lated utilizing TRIzol reagent (South Korea). The Nan-
oDrop spectrophotometer (Thermo Scientific, USA) was 
employed to assess RNA quantity and quality. cDNA 
synthesis for miRNA was performed by using the miR-
CURY Lna Universal cDNA Synthesis Kit, and the 
BioFact cDNA synthesis kit was employed for target 
mRNAs. The expression levels of miR-143, Bax, Bcl-2, 
Caspase-3 and Caspase-9, were assessed via qRT‐PCR 
reaction utilizing SYBR Green PCR Master Mix (Bio-
Fact, South Korea). GAPDH and U6 genes were used as 
endogenous controls for normalizing the expression lev-
els of target genes and miR-143, respectively. The Livak 
method  (2−ΔΔCt) was used for relative gene expression 
analysis. The sequences of primers are illustrated in 
Table 1.

miRNA transfection

First, 1 ×  106 A172 cells were placed in an electroporation 
buffer and put into a 500 mL cuvette, and 20 pmol of miR-
143 mimics were added. Transient transfection of miRNA 
was carried out according to the recommended protocol and 
utilizing the Gene Pulser Xcell electroporation system (Bio-
Rad). Transfected cells (2 ×  105 cells/well) were seeded into 
6-well plates and kept in the incubator for 48 h. Eventually, 
the expression of miR-143 was evaluated using the qRT-
PCR method.

MTT assay

MTT assay was carried out to assess whether miRNA-143 
sensitizes A172 cells to carmustine treatment. The cells 
were split into two groups; one group was transfected with 
miR-143, and another was left untransfected. The cells were 
seeded into 96-well plates and incubated for 24 h. Afterward, 
the cells were treated with carmustine in different concentra-
tions from 1 μg/mL to 100 μg/mL. After 24 h of exposure 
to carmustine, the media of wells was removed, and 50 μl 
MTT reagent (2 mg/ml) was added. Then, incubation was 
performed for a further 4 h. The MTT solution was substi-
tuted by 200 μl of DMSO, and the cells were incubated for 
45 min. Finally, the optical density of wells at 570–630 nm 
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was assessed using an ELISA reader system (Sunrise, Tecan, 
Switzerland). All experiments were conducted in triplicate.

Annexin V/ Propidium Iodide (PI) apoptosis assay

Apoptosis assay was performed utilizing Annexin V/PI Kit. 
The cells were arranged into four groups: the first group was 
transfected with miR-143, the second group was treated with 
carmustine, the third group was treated with miR-143 and 
carmustine combination, and the fourth group was control 
cells. 2 ×  105 cells per well were cultured in a 6-well plate, 
and after treatment and incubation, the cells were collected, 
then binding buffer (100 μL), Annexin‐V/PI (5 μL), and PI 
(5 μL) were added to each sample, and incubation was per-
formed for 20 min in a dark place. Eventually, the apoptosis 
rates of groups were assessed using the MACS Quant Flow 
Cytometry instrument, and the obtained data were analyzed 
with FlowJo software.

Cell cycle analysis

The cell cycle status was assessed utilizing DAPI dye and 
flow cytometry. In the first step, 2 ×  105 A172 cells trans-
fected with miR-143 and then were seeded into a six-well 
plate. After 24 h, the cells were treated with carmustine and 
incubated for a further 24 h. Afterward, the cells were har-
vested, rinsed with cold PBS, and fixed in 1 ml of ice-cold 
ethanol (80%) for 24 h at -20 °C. The cells were rewashed 
and suspended with a solution containing RNase A (1%) and 
kept for 30 min. Next, the cells were rinsed, stained with 
DAPI solution (Triton X100 and DAPI), and maintained for 
30 min in a dark place. Eventually, the accumulation of cells 
in the G1, S, and G2 phases of cell cycle was determined 
by flow cytometry. Data analysis was performed by using 
FlowJo software.

Statistical analysis

All experiments were done in triplicate, and collected data 
were analyzed utilizing GraphPad Prism 8.0 Software. The 
means ± standard deviation (SD) were used to express the 
obtained results. The student's t-test was performed to evalu-
ate statistical differences between the two groups, and one-
way variance (ANOVA) analysis was performed to compare 
multiple groups. P values that were lower than 0.05 were 
indicated as statistically significant.

Results

Cell line selection

Figure 1 displays our evaluation of miR‐143 expression 
across three cell lines (A172, U87, and U373). The find-
ings indicate a notable decrease in miR‐143 expression in 
both A172 and U87 cell lines compared to U373 (*P < 0.05). 
Moreover, the expression level of miR‐143 was equivalent 
in A172 and U87 cell lines (non-significant), leading us to 
choose the A172 cell line for deeper exploration in this study 
(Fig. 1).

The overexpression of miR‑143 reduced A172 cell 
proliferation

A qRT-PCR assay was used to validate the transfection effi-
ciency. As shown in Fig. 2A, the qRT-PCR results illus-
trated that miR-143 expression levels significantly increased 
in A172 cells after transfection compared to negative con-
trol (NC) and untransfected cells (control). The cells were 
transfected with different doses of miR-143 (10, 20, and 40 
pmol), and the results showed that the doses of 20 and 40 
pmol significantly increased the expression of miR-143, so 

Table 1  The list of primers used 
in the current study

Gene Forward and Revers Sequences

GAPDH F 5ˊ-CAA GAT CAT CAG CAA TGC CT-3ˊ
R 5ˊ-GCC ATC ACG CCA CAG TTT CC-3ˊ

U6 F 5ˊ-CTT CGG CAG CAC ATA TAC TAA AAT TGG-3ˊ
R 5ˊ-TCA TCC TTG CGC AGGGG-3ˊ

Bax F 5′‐GAC TCC CCC CGA GAG GTC TT‐3′
R 5′‐ACA GGG CCT TGA GCA CCA GTT‐3′

Bcl-2 F 5ˊ-CTG TGG ATG ACT GAG TAC CTG-3ˊ
R 5ˊ-GAG ACA GCC AGG AGA AAT CA-3ˊ

Caspase-9 F 5′-CCG GAA TCC TGC TTG GGT ATC-3′
R 5′-CAT CGG TGC ATT TGG CAT GTA-3′

Caspase-3 F CAA ACC TCA GGG AAA CAT TCAG 
R CAC ACA AAC AAA ACT GCT CC

miR-143 Target Sequence 5′-GGU GCA GUG CUG CAU CUC UGGU-3′
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the dose of 20 pmol was chosen as the transfection dose. 
Then, the qRT-PCR method was used to determine the opti-
mum incubation time (Fig. 2B). Cells were transfected with 

20 pmol of miR-143 and incubated for different times (24, 
48, and 72 h). The results showed that the highest expres-
sion levels of miR-143 were at 24 and 48 h after transfection 
(expression levels were the same), but after 72 h, the expres-
sion level decreased significantly. Based on the results, the 
dose of 20 pmol and 24 h were selected for the transfection 
dose of miR-143 and the incubation time of the cells.

Afterward, the effect of miR-143 overexpression on cell 
proliferation was evaluated using MTT assay. The results evi-
denced that miR-143 upregulation in A175 cells led to a sig-
nificant decrease in cell proliferation rate compared to control 
and NC groups. There was no significant difference in the cell 
proliferation levels between control and NC cells (Fig. 2C).

miR‑143 cooperatively enhanced 
carmustine‑induced cytotoxicity

An MTT assay was conducted to explore whether treatment with 
miR-143 could raise the sensitivity of the A172 cells to carmustine. 
According to Fig. 3, the viability rate reduces dose-dependently 
with carmustine treatment alone. Also, the combination of miR-
143/carmustine remarkably decreased the viability of cells com-
pared to individual groups. Our results exhibited that miR-143 
transfection improved the sensitivity of A172 cells to carmustine. 
As reflected in Fig. 3, the IC50 of carmustine in the combination 
group was significantly decreased (from 260 µg/ml to 127.5 µg/ml).

Fig. 1  Comparison of relative miR‐143 expression levels among dif-
ferent GBM cell lines to each other; (*P < 0.05, ns = non-significant)

Fig. 2  A Various doses of miR-143 (10, 20, and 40 pmol) were trans-
fected, and the expression level was evaluated using the qRT-PCR. 
B After transfection with a dose of 20 pmol miR-143, the cells were 
incubated for different times (24, 48, and 72 h), and the expression of 

miR-143 was evaluated. C The suppressive effect of miR-143 overex-
pression on cell proliferation was determined using the MTT method; 
(****P < 0.0001, ***P < 0.001, **P < 0.01, and ns = non-significant)
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miR‑143 and carmustine combination effect on cell 
apoptosis

Using Annexin V/PI staining, the combination effect of miR-
143 and carmustine on apoptosis induction was evaluated. 
Results displayed that miR-143 overexpression and carmus-
tine significantly promote the apoptosis rate from 7.06% in 
control cells to 12.62% and 39.78%, respectively. Further-
more, in the combination group, the apoptosis rate increased 
to 69.81% (Fig. 4). These results evidenced that miR-143 
overexpression slightly induces apoptosis, and in the combi-
nation group, it significantly improves carmustine-mediated 
apoptosis compared to other groups.

Besides, the qRT-PCR was utilized to evaluate the gene 
expression associated with apoptosis. According to the 
results, overexpression of miR-143 and carmustine treatment 
led to significant upregulation of Bax, Caspase-3, and Cas-
pase-9 expression compared to the control. However, this 
increase was remarkably higher in the combination group 
than in others. Also, miR-143 overexpression and carmus-
tine treatment led to the downregulation of Bcl-2 expres-
sion. Bcl-2 expression levels decreased more effectively in 
the combination group than in separate treatments (Fig. 5). 
These results demonstrated that combination therapy could 
strongly induce apoptosis in A172 cells through modulating 
Caspase-3, Caspase-9 Bax, and Bcl-2 expression.

The combination of carmustine and miR‐143 
arrested A172 cell cycle at S and G2 phases

Cell cycle assay was conducted utilizing DAPI staining and 
flow cytometry. As shown in Fig. 5, miR-143 could signifi-
cantly increase cell population in the S phase from 18.8% 
to 21%. In cells treated with carmustine, the population of 

the G2 cells increased from 15.8% to 29.3%. In addition, 
the combination treatment enhanced cell cycle arrest in S 
(28.5%) phase (Fig. 6).

Discussion

GBM remains the top deadly cancer of the brain. Current 
knowledge of the heterogeneity of GBM tumors changed 
the WHO classification method and shaped the demand 
for developing new and personalized therapies. Currently, 
approved treatments, including chemotherapies, show 
a poor survival rate for GBM. This is due mainly to the 
fact that the majority of patients gain resistance to these 
therapeutic agents (Da Ros et al. 2018). Therefore, novel 
therapeutic approaches are required to overcome this issue. 
Recent advances in basic GBM science have been trans-
lated into innovative clinical trials that take advantage 
of improved genetic and epigenetic features of GBM, as 
well as the microenvironment of the brain and interactions 
with immune system cells (Esemen et al. 2022; Rong et al. 
2022). As mentioned, miRNAs, as an important group of 
epigenetic factors, play a significant role in GBM tumori-
genesis (Jiménez-Morales et al. 2022). In particular, the 
role of miR-143 dysregulation in GBM development and 
progression has been proven in many studies. In addition, 
several studies have evidenced that miR-143 overexpres-
sion could reduce temozolomide chemoresistance in GBM 
cells (Zhao et al. 2013; Liu et al. 2015). However, its role 
in sensitizing GMB cells to other commonly used chemo-
therapeutic agents, namely carmustine, has not yet been 
determined. Subsequently, this study investigated the effect 
of miR-143 restoration on the antitumor activity of carmus-
tine in A172 cell line.

Fig. 3  The cytotoxic effect of 
carmustine alone or combined 
with miR-143 was determined 
in various doses by MTT
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The results from MTT assay demonstrated that miR-143 
overexpression could diminish A172 cell proliferation sig-
nificantly. Besides, the results evidenced that pre-treatment 
of A172 cells by miR-143 remarkably improved A172 cell 
chemosensitivity to carmustine treatment. It means that 

miR-143 combined with carmustine reduced the viability 
and proliferation rate more effectively than separate treat-
ments. In addition, Annexin V/PI staining assay evidenced 
that miR-143 could promote carmustine-induced apopto-
sis in A172 cells. These results were consistent with the 

Fig. 4  Effects of miR-143 and carmustine on apoptosis. Annexin V/PI staining demonstrated that miR-143 increases carmustine-induced apopto-
sis in A172 cells; (****P < 0.0001 and *P < 0.05)

Fig. 5  qRT-PCR was used to determine the expression levels of apoptosis-related genes in treatment groups; (****P < 0.0001, ***P < 0.001, 
**P < 0.01, and *P < 0.05)
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findings of Wang et al. showing that miR-143 overexpres-
sion reduced cell proliferation and increased the gemcitabine 
chemosensitivity of bladder cancer cells (Wang et al. 2017). 
Borralho et al. showed that elevated expression of miR-143 
resulted in a significant reduction in colorectal cancer cell 
viability. Furthermore, overexpression of miR-143 was asso-
ciated with decreased viability after exposure to 5-fluoro-
uracil (Borralho et al. 2009). Another study has proven that 
miR-143 overexpression remarkably increased the chemo-
sensitivity of glioblastoma stem cells to Shikonin. In addi-
tion, overexpression of miR-143 significantly enhanced the 
apoptotic fraction and caused apoptosis to occur earlier (Liu 
et al. 2015).

To confirm apoptosis and flow cytometry results, mRNA 
expression of apoptosis-related genes was measured by qRT-
PCR. The results demonstrated that miR-143 and carmustine 
could significantly increase Caspase-3/9 and Bax levels and 
inhibit Bcl-2 expression compared to control cells. Also, 
a combination of miR-143 and carmustine could increase 
the expression of Bax and Caspase-3/9 and decrease Bcl-2 
expression more than individual groups. The BCL-2 pro-
tein family in the intrinsic apoptosis pathway is crucial in 
the programmed cell death process. This family comprises 

pro-survival or anti-apoptotic factors, such as BCL-2 and 
A1/BFL-1, and pro-apoptotic members, including Bax and 
Bak proteins. The Bax/Bcl-2 ratio plays an essential role in 
controlling cell apoptosis. Bax, which normally exists in 
the cytoplasm, binds with anti-apoptotic proteins such as 
Bcl-2, playing an important role in mitochondria integrity. 
When cells are exposed to an apoptotic stimulus, Bax is 
translocated to the mitochondria and induces pore formation 
and cytochrome C release, leading to apoptosis activation. 
Increased Bax expression mediates early apoptosis. Dysregu-
lation of the Bcl-2 family is associated with many cancers 
(Ola et al. 2011; Ramesh and Medema 2020; Alam et al. 
2022). Caspases are a family of proteases that play a key role 
in apoptosis. This family has two distinct groups: the initiator 
caspases consisting of Caspase-2, -8, -9, -10, and executioner 
caspases, including Caspase-3, -6, -7. Diverse commonly 
used cancer treatments stimulate cell apoptosis to eliminate 
malignant cells by indirectly engaging these caspases (Boice 
and Bouchier-Hayes 2020). Li et al. investigated the signifi-
cance of miR-143 overexpression in regulating the ability 
of osteosarcoma cells to survive, invade, and migrate. Their 
findings indicated that miR-143 overexpression was able to 
constrain the migration and invasion abilities in osteosarcoma 

Fig. 6  The effect of combination therapy on cell cycle. The results obtained from flow cytometry evidenced that miR-143 overexpression and 
carmustine cooperatively induce cell cycle arrest; (****P < 0.0001, ns = non-significant)
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cells significantly. Moreover, they demonstrated that miR-
143 suppresses Bcl-2 expression and activates Caspase-3, 
thereby promoting apoptosis induction in osteosarcoma cells 
(Li et al. 2016). Cao et al. investigated the effects of Zhoushi 
Qiling Decoction (ZQD), a Traditional Chinese medicine, 
on human prostate cancer cells. Their findings exhibited that 
ZQD could stimulate cell apoptosis by miR-143-mediated 
regulation of Bcl-2 expression. Treatment of prostate can-
cer cells with ZQD was able to promote apoptosis induction 
dose-dependently. This effect was reversed by suppressing 
miR-143 expression in prostate cancer cells using anti-
miR-143 treatment. These findings indicate the significance 
of ZQD-induced miR-143 in preventing prostate cancer by 
targeting Bcl-2 expression and increasing the activity of 
Bax and caspase-3 pro-apoptotic factors (Cao et al. 2021). 
Another study has also established that one of the mecha-
nisms by which carmustine induces apoptosis in malignant 
cells is to modulate the Bax/Bcl-2 ratio (Zhang et al. 2015).

In the present study, we also investigated the effect of 
miR-143 and carmustine on GBM cell growth and prolifera-
tion by analyzing cell cycle progression. The results obtained 
from flow cytometry indicated that restoration of miR-143 
could induce considerable cell arrest in the S phase. Also, 
cell treatment with carmustine could induce significant cell 
arrest in the G2 phase. The combination group exhibited 
cell arrest in both S and G2 phases, indicating its suppres-
sive effect on cell division and proliferation. Previous studies 
have also demonstrated the role of miR-143 as a regulator 
of cell cycle progression in different cancers (Chang et al. 
2017; Hossian et al. 2018). In particular, miR-143 overex-
pression has been shown to induce S-phase cell cycle arrest 
in A549 and H1299 lung cancer cells (Sanada et al. 2019). 
Besides, carmustine has been reported to induce cell cycle 
arrest at the G2/M phase in melanoma cells by regulating 
p21 and p27 protein expression (Lin et al. 2018). These 
findings indicated the cooperative function of miR-143 and 
carmustine in preventing cell cycle progression in GBM.

Conclusion

This research has shown that combining miR-143 and car-
mustine in A172 cell lines illustrates cooperative anti-tumor 
effects. Exogenous overexpression of miR-143 was able to 
increase A172 cell chemosensitivity to carmustine. miR-143 
combined with carmustine prevented GMB cell prolifera-
tion and promoted apoptosis by controlling the expression 
of apoptosis-related genes. Also, miR-143 and carmustine 
showed a cooperative effect on suppressing cell cycle pro-
gression. Therefore, treating A172 cells with carmustine and 
restoring miR-143 could be a new therapeutic approach to 
improve GBM chemosensitivity and suppress its growth and 
development.
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