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Introduction 
The most widespread central nervous system tumor, 
glioblastoma multiforme (GBM), accounts for 60% of 
malignant brain tumors in adults.1 Glioblastoma was 
diagnosed at a global rate of 3.5 new cases per 100 000 
individuals in 2018, corresponding to about 13 000 new 
cases annually in the USA.2 GBM tumors are characterized 
by fast and aggressive growth in the white matter, and 
patients generally remain asymptomatic till the progressive 
stages of the malignancy.3 The common therapeutic 

approach for GBM involves resectioning tumors using 
surgery, followed by radiotherapy and chemotherapies.4 
Despite recent advances in our understanding of the 
etiology of GBM, it is still incurable and has a 10% 
patient survival rate at five years and a median survival 
rate of one year after therapy.5 Therefore, it is necessary 
to recognize the fundamental molecular pathways leading 
to glioblastoma tumor formation, progression, and 
metastasis to develop new therapeutic strategies.

Recent evidence has indicated the dysregulation of 
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Abstract
Introduction: As the most common 
aggressive primary brain tumor, 
glioblastoma is inevitably a recurrent 
 malignancy whose patients’ prognosis 
is poor. miR-143 and miR-145, as 
tumor suppressor  miRNAs, are 
downregulated through tumorigenesis 
of multiple human cancers, including 
 glioblastoma. These two miRNAs 
regulate numerous cellular processes, 
such as proliferation  and migration. 
This research was intended to explore 
the simultaneous replacement effect of  miR-143, and miR-145 on in vitro tumorgenicity of U87 
glioblastoma cells.  
Methods: U87 cells were cultured, and transfected with miR-143-5p and miR-145-5p.  Afterward, 
the changes in cell viability, and apoptosis induction were determined by MTT  assay and Annexin 
V/PI staining. The accumulation of cells at the cell cycle phases was  assessed using the flow 
cytometry. Wound healing and colony formation assays were  performed to study cell migration. 
qRT-PCR and western blot techniques were utilized to  quantify gene expression levels. 
Results: Our results showed that miR-143-5p and 145-5p exogenous upregulation  cooperatively 
diminished cell viability, and enhanced U-87 cell apoptosis by modulating  Caspase-3/8/9, Bax, and 
Bcl-2 protein expression. The combination therapy increased  accumulation of cells at the sub-G1 
phase by modulating CDK1, Cyclin D1, and P53 protein  expression. miR-143/145-5p significantly 
decreased cell migration, and reduced colony  formation ability by the downregulation of c-Myc 
and CD44 gene expression. Furthermore,  the results showed the combination therapy of these 
miRNAs could remarkably downregulate  phosphorylated-AKT expression levels. 
Conclusion: In conclusion, miR-143 and miR-145 were indicated to show cooperative anti- cancer 
effects on glioblastoma cells via modulating AKT signaling as a new therapeutic  approach. 
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medium (Gibco, USA), which was supplemented with FBS 
(10% v/v, Gibco, USA), streptomycin (100 μg/mL) and 
penicillin (100 IU/mL) antibiotics (Sigma-Aldrich, USA). 
The cultivation of cells was carried out in an atmosphere 
providing 5% CO2 and 95% humidity at 37 °C. U-87 
cells were harvested, then subjected to cellular test or 
subculture, when they achieved 70-80% confluency by 
trypsinization using Gibco 0.25% Trypsin‐EDTA (USA).23

miRNA transfection
U-87 glioblastoma cells, at a total number of 1×106 
cells, were transfected with miR‐143-5p and miR-145-
5p mimics (GenePharma Co, Shanghai) separately (20 
pmol) and in the mixture (10 pmol from each miRNA), 
as well as negative control miRNA using Gene Pulser 
Xcell System (Bio-Rad, USA), regarding the supplied 
protocols (Volts=160 v and TC=12.5 ms). Subsequently, 
the transfected cells, at a density of 2.5 × 105, were seeded 
into six‐well culture plates and cultivated for 48 hours. To 
determine the effectiveness of their replacement, the cells 
were collected, and the expression levels of miR-143 and 
miR-145 were measured using a StepOneePlus RT-PCR 
System (Applied Biosystems, USA).24

qRT-PCR
First, the isolation of total RNA in treatment groups 
was carried out using the GeneAll TRIZOL RNA 
extraction kit (Korea) based on the supplied protocols. 
RNA concentration and purity were determined via 
optical density at 260/280 wavelengths utilizing the 
DeNovix DS-11 spectrophotometer (Wilmington, USA). 
Complementary DNA (cDNA) was synthesized using the 
miRCURY LNA Universal cDNA synthesis kit (Exiqon, 
Copenhagen, Denmark) to assess the expression of 
miR‐143/145. Furthermore, to determine the expression 
levels of target genes, the total RNA was employed to 
synthesize cDNA via RT Master Mix (Takara PrimeScript). 
To identify gene expression levels, qRT‐PCR was employed 
using BioFACT™ 2X RT-PCR Master Mix (Korea) in the 
StepOneePlus RT-PCR system (Applied Biosystems, 
USA). U6 and GAPDH as the endogenous reference genes 
were utilized for the normalization of miRNA and target 
gene expression, respectively.25 The primer pair sequences 
are addressed in the Table 1.

MTT assay
MTT assay was applied to find out that miR-143 and 
145 have a cooperative effect in inhibiting cancer cell 
proliferation; moreover, it was used to determine cell 
viability. This test has five groups: control, negative 
control (NC), miR-143, miR-145, and the combination 
group. After transfection of miR-143/145, the GBM cells 
were seeded approximately 1×104 cells per well into 96-
well plates. After 48 hours of incubation and removal of 
culture medium, MTT solution (Sigma-Aldrich, USA) 
was added (2 mg/mL in PBS), and the plate was incubated 

microRNAs (miRNAs) in human malignancies through 
numerous mechanisms, such as deletion or amplification 
of miRNA genes, aberrant epigenetic changes in 
the machinery of miRNA biogenesis, and aberrant 
transcriptional regulation of miRNAs.6 miRNAs are 
known as a type of small non-protein-coding RNAs (21–
28 nucleotides) that mostly interact with the 3'-UTR of 
multiple protein-coding mRNA transcripts and negatively 
regulate the expression of genes by repressing productive 
translation and guiding mRNA cleavage of their targets.7 
miRNAs were evidenced to act as important modulators 
involved in regulating the critical cellular processes, such 
as cell growth, proliferation, differentiation, migration, 
apoptosis, and metabolism, which are dysregulated in 
cancer incidence and development.8 Since miRNAs 
induce or suppress tumor progression via modulating 
various signaling pathways, they are classified into 
oncogenic miRNAs (oncomiRs) and tumor suppressors. 
Subsequently, the restoration of the expression of 
downregulated tumor suppressor miRNAs appears to be 
a potential treatment that may inhibit tumorigenesis more 
efficiently9; a targeted gene therapy method that is known 
as miRNA replacement therapy.10

In particular, miR-143 and miR-145 (miR-143/145) 
were illustrated to show tumor suppressor features and 
play a part in several cancer-related mechanisms, such 
as proliferation, apoptosis, invasion, migration, and 
metastasis.11 miR-143 and miR-145, located in a cluster from 
chromosome 5 in humans (5q33),12 showed downregulated 
levels in human cancers as diverse as neuroblastoma,13 
and osteosarcoma.14 Notably, miR-143 was implied to 
hamper proliferation, invasion, migration, tube formation 
and tumor growth, and angiogenesis in glioblastoma 
cells.15,16 Besides, miR-145 was described play as a tumor-
suppressor in glioblastoma cells that induce apoptosis,17 
suppresses cancer stem cells' pluripotent potential,18 
cell growth,19 proliferation, migration,20 invasion,21 and 
metastasis.22 These results have prompted the idea that 
the miR-143/145 cluster could be used as a diagnostic and 
treatment target for GBM. However, further research is 
needed to determine how miR-143/145 work together and 
what impact that has on glioblastoma cells. So, the current 
research aims to explore the therapeutic effects of miR-
143/145 simultaneous restoration on glioblastoma cells 
via modulating multiple biological processes. The results 
established that experiments showed that exogenous 
overexpression of miR-143 and miR-145 cooperatively 
decreased glioblastoma cell proliferation, growth, and 
migration. Moreover, the synergistic anti-tumor effect of 
miR-143 and miR-145 was observed through apoptosis 
induction and cell cycle arrest.

Materials and Methods
Cell culture 
U-87 human glioblastoma cell line was obtained from the 
Pasteur Institute (Tehran, Iran) and cultured in RPMI‐1640 
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at 37 ºC for 4 hours. Then MTT solution was replaced 
with DMSO (200 μL). After incubation for 30 minutes, 
the optical density (OD values) at a wavelength of 570 nm 
for each well was determined using a microplate reader 
(Sunrise, Tecan, Switzerland).26

Apoptosis assay 
The annexin VI/PI staining (BD Biosciences, USA) 
was performed to evaluate the apoptosis induction in 
transfected cells. For this aim, the cells were transfected 
with mimic miRNAs separately (20 pmol) or in 
combination (10 pmol), and at the density of 2 × 105 cells 
per well, they were seeded into 6-well plates. Our groups 
included control, miR-143, miR-145, and combination. 
Cells were grown for 48 hours before being PBS-washed 
and trypsinized to harvest them. They were then stained 
for 10 minutes with FITC-conjugated annexin V (5 μL) and 
PI (5 μL) (Exbio, Vestec, Czech Republic) in 1X binding 
buffer (500 μL). Then, the cells were washed with PBS 
and subjected to Flow cytometry analysis (MACSQuant 
Analyzer 10, Miltenyi Biotec, Germany). The results were 
interpreted using FlowJo software version 10 (TreeStar 
Inc., USA).27

Wound healing assay 
The wound-healing (scratch) assay investigated miR-
143/145 combination therapy's effects on cell migration. 
The cells were divided into four groups: control, miR-
143, miR-145, and combination. For this purpose, 15×104 
transfected cells were cultured into a 12-well plate. With a 
yellow pipette tip, the cells were scratched to create a small 
gap after they had established a monolayer at the bottom 
of the wells. Following the scratch, the migration distance 
was eventually tracked and photos were captured using an 
inverted light microscope (Optika, Italy).28

Cell cycle assay
To analyze the effect of miR-143/145 combination on cell 
cycle progression, U-87 cells were co-transfected with 
miR-143/145, and 2 × 105 cells per well were cultured in 
6‐well plates. As in previous tests, there are four groups: 
control, miR-143, miR-145, and combination. After 48 
hours of incubation, U-87 cells were harvested and rinsed 

with cold PBS. Then, the harvested cells were fixated by 
adding 1 mL of ethanol (75%) and transferred to a -20 
°C freezer overnight. The cells were washed and then 
suspended in PBS in the next step. Then, 5 μL RNase A 
was added (10 mg/mL, Pishgam Biotech Co, Iran), and 
cells were incubated for 30 minutes at 37 °C. Afterward, 
the cells were participated and then resuspended in 500 
μL PBS containing 1 μL DAPI (5 mg/mL, Sigma) and 1 
μL Triton-x100 (ACROS Organics, USA) and incubated 
for 30 minutes in the dark. Using a Flow Cytometer 
(MACSQuant Analyzer 10, Miltenyi Biotech, Germany), 
the status of cell cycle phases in each treatment group was 
evaluated. For data analysis, FlowJo software was used 
(FlowJo LLC).29

Western blotting 
Based on to the supplied protocol, the total protein was 
isolated from all four groups employing RIPA lysis buffer 
(Santa Cruz, USA). 50 μg of each extracted protein 
sample was separated using SDS‐PAGE gels, transferred 
to a PVDF membrane (Roche, Basel, Switzerland), and 
blocked with a blocking buffer. Then, the membrane 
was treated with monoclonal antibodies against target 
proteins overnight at 4 ℃. The PVDF membranes 
were treated with a secondary antibody (1:1,000; Santa 
Cruz Biotechnology) with the horseradish peroxidase-
conjugated for 2 hours. The protein bands were visualized 
by an electrochemiluminescence detection kit (Roche 
Diagnostics) using a Western blot imaging system (Sabz 
Co., Tehran, Iran). ImageJ software was used for data 
processing. In this assay, our target proteins were Bax, 
Pro-caspase 3, Cleaved-caspase 3, Pro-caspase 8, Cleaved-
caspase 9, Pro-caspase 9, Cleaved-caspase 9, and Beta-
actin.30

Clonogenic (colony formation) assay
A colony formation assay was performed to find out 
the cooperative effect of miR-143 and miR-145 on the 
clonogenic properties of U-87 cells. In brief, the transfected 
cells were seeded into 6-well culture plates at a density of 
1 × 103 cells per well, and then the cells were incubated 
for 3-4 days until the colonies formed. Next, the colonies 
were washed with PBS and stained with 5% crystal violet 

Table 1. Primer sequences

Target name F/R Sequences (5’ to 3’)

GAPDH
F 5′-AAGGTGAAGGTCGGAGTCAAC-3′

R 5′-GGGGTCATTGATGGCAACAA-3′

CD44
F 5′-CAAGCCACTCCAGGACAAGG-3′

R 5′-ATCCAAGTGAGGGACTACAACAG-3′

c-Myc
F 5′-AGGCTCTCCTTGCAGCTGCT-3′

R 5′-AAGTTCTCCTCCTCGTCGCA-3′

miR-145-5p Target sequence 5′-GUCCAGUUUUCCCAGGAAUCCCU-3′

miR-143-5p Target sequence 5′-GGUGCAGUGCUGCAUCUCUGGU-3′
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for 30 minutes. Finally, the colonies were washed with 
distilled water and photographed. As in previous tests, 
there are four groups: control, miR-143, miR-145, and 
combination.31

Statistical analysis
All values are stated as the mean ± standard deviation (SD) 
of experiments. Besides, the statistical limitation to report 
an intergroup difference significance was set at P value less 
than 0.05. The determination of the statistical differences 
among the two groups was done using student's t‐test, 
and for more than two groups, the analysis of variance 
(ANOVA) was used. All analysis and graph designation 
were performed using GraphPad Prism 6 (GraphPad, San 
Diego, USA).32

Results
Efficient transfection of miR-143/145 into glioblastoma 
cells
To evaluate whether miR-143/145 is efficiently transfected 
into U-87 cells, qPCR analysis was performed. As shown 
in Fig. 1, after transfecting U-87 cells with miR-145 (20 
pmol) and miR-143 (20 pmol) mimics, their expression 
was remarkably (P < 0.0001) increased compared to 
control and NC groups. Furthermore, a significant 
upregulation in the expression of miRNAs was observed 
via the transfection of cells with the combination of miR-
145 (10 pmol) and miR-143 (10 pmol) mimics compared 
with controls. 

miR-143/145 overexpression cooperatively decreased 
U-87 cell viability 
MTT assay was applied to determine the impact of 
miR-143 and 145 combinations on inhibiting U-87 cell 

proliferation and cell viability. The results showed that 
miR-143 and miR-145 separately could considerably 
reduce U-87 cell viability compared to control groups 
(P < 0.0001). As shown in Fig. 2, there was no discernible 
difference between the negative control and control cells. 
However, simultaneous transfection of miR-143 and miR-
145 reduced cell viability and proliferation substantially 
more effectively than individual interventions (P < 0.0001).

miR-143 and 145 co-transfection increased U-87 cell 
apoptosis through activating caspase cascade
Flow cytometry results showed that miR-143/145 
transfection alone significantly (P < 0.0001) increased 
apoptosis induction rates in U-87 cells to 47.6% and 
33.1%, respectively. Moreover, in the combination group, 
the rate of apoptotic cells was raised to 57.8% compared 
to the control, which was significantly higher than that 
of groups separately transfected with miR-143/145 (Fig. 
3). Subsequently, to illustrate underlying mechanisms, 
expression levels of the apoptosis-related proteins, such 
as Bax and Caspases, were studied in transfected cells 
through western blot assay. According to the findings (Fig. 
4), miR-143/145 was simultaneously transfected into U-87 
cells, which resulted in a large upregulation of Bax and 
cleaved-Caspase-3/8/9 protein levels with a considerable 
downregulation of pro-Caspase-3/8/9 expression levels. 
These results illustrated that combination therapy with 
miR-143/145 could more effectively induce apoptosis 
in U-87 cells by activating both intrinsic and extrinsic 
apoptosis pathways.

Inhibition of cell migration through simultaneous miR-
145 and miR-143 overexpression
A wound-healing assay was performed to clarify the 

Fig. 1. miR-143/145 efficient transfection in treatment groups. A) Transfection of U-87 cells with miR-143 mimic could significantly increase the expression 
of miR-143 (****P<0.0001). B) Transfection of U-87 cells with miR-145 mimic could remarkably raise the expression of miR-145 (****P<0.0001). C) 
Transfection of U-87 cells with the combination of miR-143 mimic and miR-145 mimic could significantly enhance the expression of both miR-143 and miR-
145 (****P<0.0001). The difference between the control and negative control in all groups is non-significant (ns).
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simultaneous anti-migration effects of miR-143 and miR-
145 on U-87 cells. The results showed (Fig. 5) that miR-
143/145 restoration alone could significantly inhibit U-87 
cell migration rate compared to the control. However, 
the combination treatment inhibited cell migration more 
effectively than miR-143 and miR-145 transfection alone, 
showing a more efficient anti-migration effect of miR-143 
and miR-145 in combination on glioblastoma cells. 

Fig. 2. The effect of combination therapy using miR-143 and miR-145 on 
viability U-87 glioblastoma cells. MTT assay implied that miR-143 and 
miR-145 cooperatively increases suppressive effect on U-87 cell survival; 
(****P<0.0001), non-significant (ns).

Fig. 3. The effect of combination therapy using miR-143 and miR-145 on apoptosis of U-87 cells. The enhancement in apoptosis induction through co-
transfection of U-87 cells with miR-143 and miR-145 was observed by flowcytometric analysis of V‐FITC/PI staining; (****P< 0.0001), (***P<0.001).

miR-143/145 arrested cell cycle at the sub G1 phase in 
U-87 cells 
To further clarify miR-143/145 role to regulate U-87 
cell growth and proliferation, cell cycle status in various 
treatment groups was evaluated via flow cytometry after 
transfection. Results displayed that overexpression of miR-
143/145 could separately increase the population of U-87 
cells at the sub-G1 phase (29.5%) compared to the control 
(27.5%). Although the combination of miR-143/145 
increased cell cycle arrest at the sub-G1 phase more than 
separate treatments (39.7%). Subsequently, expression 
levels of the cell cycle-related proteins were studied 
in transfected groups by western blot. Results showed 
that miR-143/145 corporate transfection significantly 
decreased CDK1 and Cyclin-D1 protein expression 
levels and increased P53 protein expression levels as 
compared to the control group. These findings illustrated 
that combination therapy could more effectively induce 
sub-G1 cell cycle arrest in U-87 cells through modulating 
cell cycle-related proteins (Fig. 6).

miR-143 and miR-145 cooperatively diminished 
glioblastoma cancer stemness properties
The effects of miR-143/145 on cancer stem cells 
(CSCs) properties in the context of glioblastoma cancer 
development were investigated using the colony formation 
assay. Fig. 7A demonstrates that the combination of miR-
143/145 inhibits colony formation in comparison to 
miR-143/145 alone. Thus, the effects of miR-143 or miR-
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145 on stemness were studied by evaluating expression 
levels of related genes, including CD44 and c-Myc, using 
qRT‐PCR. Following miR-143/145 co-transfection, the 
expression level of CD44 and c-Myc are significantly 
reduced compared with the groups transfected with miR-
143 or miR-145 alone (Fig. 7B). These results revealed 
that miR-143/145 combination therapy by modulating 
expression levels of stemness and growth marker genes 

decreases colony formation ability in U-87 cells. 

miR-145/143 modulate glioblastoma tumorigenesis by 
regulating AKT signaling 
The PI3K/AKT signaling pathway modulates many 
cellular processes by activating multiple downstream 
effector molecules that are essential in the growth, cell 
cycle, and proliferation. The western blot assay was applied 

Fig. 4. Bax, Pro-and Cleaved-Caspase-3/8/9 protein expressions levels after transfection of U-87 cells with miR-143/145 were evaluated by western blot 
assay (****P< 0.0001), (***P<0.001), (**P<0.01), (*P<0.5), non-significant (ns).

Fig. 5. The anti-migration effect of co-transfecting miR-143/145 on U-87 cell migration. The wound-healing assay was carried out to find out the simultaneous 
impact of miR-143/145 on U-87 cell migration. The results reveal that these two miRNAs hampered U-87 cell migration more effectively when they were used 
simultaneously (****P< 0.0001), (***P<0.001), (**P<0.01).
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to find out the effect of miR-143/145 on modulating AKT 
expression. Our results demonstrated both miR-143/145 
did not significantly affect AKT protein expression levels 
in treated cells compared to control. However, miR-
143/145 cooperatively led to a decrease in p-AKT levels, 
illustrating its deactivation through dephosphorylation 
(Fig. 8).

Discussion
Glioblastoma is an aggressive and recurrent intra-axial 
primary brain neoplasm with a dismal prognosis. Despite 
having a lower frequency than other cancers including 
breast, lung, colon, and prostate cancer, glioblastoma 
often hits persons in the prime of their life. Therefore, 
glioblastoma is an essential problem in oncology, and 
since the 1970s, its grim prognosis has changed little.33 
miRNAs play essential roles and regulate gene expression 
post-transcriptional. It was shown that more than 2000 
miRNAs exist in humans. miRNA coding genes are located 
in exonic or intronic regions of non-coding and coding 
transcription units, mainly in the form of clusters.34 A 
complex regulatory network is created as a result of these 
miRNAs' involvement in the control of the gene expression 

of several mRNAs. In a study pointing out the deregulated 
miRNAs in glioblastoma, it was observed that while 
most of the studied miRNAs displayed overexpression 
via glioblastoma tumorigenesis, 95 miRNAs exhibited 
downmodulated levels of expression, and inconsistent 
data were reported for 17 miRNAs.35 miR-143/145 were 
displayed to be often dysregulated in several types of 
tumors. miR-143/145 downregulation was determined 
in many cancer cell lines as diverse as prostate, colon, 
ovary, bladder, breast, renal cell carcinoma, osteosarcoma, 
and neuroblastoma cancer cells. Moreover, reduced 
expression of miR-143/145 was linked with lower disease-
free survival in patients and invasive features in cervical, 
prostate, breast cancer, glioma, and hepatocellular 
carcinoma.36 Several in vivo trials have shown the ability 
of miR-143/145 to intervene in cancer cells' oncogenic 
properties. MiR-145 was delivered (locally or systemically) 
using polyethylenimine in mice xenograft model tumors, 
increasing apoptosis, slowing tumor development, and 
inhibiting targets including ERK5 and c-Myc in colorectal 
cancer cells.12 In particular, miR-143 overexpression was 
shown to have tumor-suppressive effects on glioblastoma 
cells, diminish cell migration and invasion, and reduce 

Fig. 6. A) The cell cycle status in transfected cells was evaluated using flow cytometry compared to control cells. B) Expression levels of the cell cycle-related 
proteins were investigated by western blot assay (****P< 0.0001), (***P<0.001), (**P<0.01), non-significant (ns).
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tumor growth through downregulating N-RAS and RAS 
signaling pathways.15 Zhao and colleagues also reported 
that miR-143 is downregulated in glioma tissues, and 
glioblastoma stem-like cells. Besides, miR-143 could 
hamper proliferation and in vivo tumor formation of these 
cells by directly targeting hexokinase 2.37 In addition, miR-
145 has been identified as a tumor suppressor miRNA 
during the progression of glioblastoma. MiR-145 inhibits 
the malignant properties of glioblastoma cells, including 
stemness, invasion, migration, proliferation, and tumor 
growth, according to the studies.22,38

The current research explored the simultaneous effects 
of miR-143/145 restoration on U-87 glioblastoma cells. 
Based on MTT assay results, the survival percentage of 
U-87 cells was more efficiently decreased using the miR-
143/145 combination compared to separate treatments. 
Besides, flow cytometry analysis indicated miR-143 and 
miR-145 overexpression could significantly increase U-87 
cell apoptosis rate compared to separately transfected and 
control cells. The expression levels of apoptosis-related 
proteins were studied using a western blot to confirm the 
results obtained. The western blot results demonstrated 

the induction of miR-143/145 increased Caspase-3/8/9 
activations and upregulated Bax protein expression. The 
findings of the current research agreed with those of 
other investigations. Upregulated levels of miR-145 in 
A549 lung cancer cells caused apoptosis and reduced the 
malignant characteristics such proliferation, migration, 
and invasion, according to research by Pan et al. Also, 
the upregulation of miR-145 enhanced levels of cleaved-
Caspase-3, Bax/Bcl-2 ratio, and cleaved-PARP in those 
cells.39 Li et al observed that miR-145 overexpression in 
cervical cancer cells can inhibit tumor growth and induce 
apoptosis. Their results revealed that in Hela and SiHa 
cells transfected with miR-145, protein expression levels 
of Bax, and cleaved-Caspase-3 were upregulated, and Bcl-
2 showed lower levels of expression, but the expression 
was downregulated.40 Similarly, another research proved 
that miR-143/145 modulate apoptosis-related genes, such 
as Caspase-3/8/9 and Bax/Bcl-2 induce cell death and 
inhibit cell growth and proliferation.41,42

Previous studies have found that miR-143/145 inhibits 
metastatic features, such as migration and invasion in 
various cancer cell lines. The wound healing assay results 

Fig. 7. miR-143/145 additionally decrease colony formation of U-87 cells. A) Representative images of a 6-well plate display various levels of colony formation 
of U-87 cells that transfected with indicated miRNAs. B) Expression levels of CD44 and c-Myc in treated groups (****P < 0.0001), (***P<0.001), (**P<0.01), 
(*P<0.5). 
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illustrated that the migration ability of U-87 cells was 
considerably decreased in the transfected groups with 
miR-143 and miR-143 individually. Thus, combination 
therapy showed a further suppressive effect on the invasive 
and migration ability of cells. Lei et al demonstrated that 
overexpression of miR-143/145 hampers migration and 
metastasis of gastric cancer cells by suppressing MYO6 
and EMT gene expression.43 Gomes et al pointed out that 
miR-143 or miR-145 overexpression in human colon 
cancer cells can reduce cell migration.44 Cao et al disclosed 
that restoration of miR-145 in cervical carcinoma cells 
decreases their tumorigenicity and declines the migration 
and invasion of these cells by downregulating of KLF5 
gene.45

Furthermore, we followed the combination effect of 
miR-143/145 on cell proliferation through cell cycle 
progression in U-87 cells. According to the flow cytometry 
study, transfection of U-87 cells with miR-143/145 alone 
or together led to a significantly higher number of sub-G1 
phase arrested cells than control cells. On the other hand, 
simultaneous transfection could remarkably increase 
the rate of U-87 cells arrested at the sub-G1 phase much 
more than separate treatments, which showed their 
synergistic anti-proliferative effects on U-87 cells. To 
further explore the miR-143/145 anti-proliferative and 
anti-growth role in U-87 cells, Cyclin D1, P53, and CDK1 
protein expression levels as major proteins involved in the 
cell cycle and proliferation regulation were investigated 
using the western blot technique. According to our 
findings, compared to untransfected cells, miR-143/145 
restoration could upregulate P53 protein expression and 
decrease Cyclin D1 and CDK1 protein expression levels. 
Similarly, research conducted by Spizzo et al illuminated 
that overexpression of miR-145 in breast cancer cells 
increases the percentage of cells in the sub-G1 phase.46 
Rani et al found that transfection of miR-145 in NSG-K16 
and HNGC-2 human glioma cells significantly increased 
cell accumulation at the sub-G1 phase of the cell cycle. 
Therefore, the analysis of cyclin D1 expression as a cell 

cycle regulatory protein demonstrated that miR-145 
overexpressing reduces cyclin D1 expression level.38 
Hossian et al showed that CDK1, CDK4, and CDK6 
protein expression levels were reduced in lung cancer cells 
through transfection of cells with miR-143.47

This study indicated that miR-143/145 alone or 
simultaneously suppressed colony formation in U-87 
cells. Moreover, the overexpression of miR-143/145 
cooperatively repressed the expression of stemness factors 
and CSC markers, including CD44 and c-Myc. Myc is 
a family of proto-oncogenes and regulator genes that 
regulate various cellular functions such as cell growth, 
proliferation, differentiation, apoptosis, cell cycle, 
survival, tumorigenesis, and metabolism. In mammals, 
Myc family proteins include n-Myc, 1-Myc, and c-Myc.48 
CD44 is a non-kinase transmembrane glycoprotein that 
shows high levels of expression in various cell types, 
such as CSCs, and frequently displays alternative spliced 
variants that seem crucial to cancer development. As a 
biological marker for CSC, CD44 expression is elevated in 
some subpopulations of cancer cells.39 Recent research by 
Huang et al revealed that transfecting prostate cancer cells 
(PC-3) with miR-143/145 decreased colony formation, 
which is consistent with our findings. Furthermore, miR-
143/145 downregulated the expression CSC markers, 
including CD44, CD133, c-Myc, Oct4, and Klf4.49 Yang et 
al found that restoring the miR-143 expression declines 
breast cancer progression and stemness properties by 
suppressing CD44 expression. Their results indicated 
the restoration of miR-143 as a suppressive strategy on 
the colony formation ability of SKBR3 cells. Besides, 
overexpression of miR-143 was evidenced to downregulate 
CD44 gene expression levels in breast cancer cells.50

Studies showed miR-143 and miR-145 inhibit cell 
proliferation and induce apoptosis by the modulation 
of PI3K/AKT pathway in several cancer cell lines.51-53 
Our results indicated overexpression of miR-143/145 
considerably decreased the phosphorylation of AKT, 
leading to its deactivation. AKT is a serine/threonine 

Fig. 8. miR-143/145 combination therapy effect on total-AKT and p-AKT levels in U-87 cells (****P < 0.0001), (***P<0.001), (*P<0.5), non-significant (ns).
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kinase that plays a critical role in primary cellular functions, 
such as cell size, regulation of glucose metabolism, cell 
cycle progression, genome stability, protein synthesis, 
neovascularization, and transcription. AKT blocks 
apoptosis via the inactivation of pro-apoptotic protein.54 
AKT is an important downstream effecter involved in the 
PI3K signaling pathway that engages in various functions 
through tumorigeneses, such as apoptosis inhibition, 
stimulation of cell growth, and regulation of cancer cell 
metabolism.55 Previous research has shown that miR-
145 and miR-143 diminish the growth of cancer cells by 
modulating PI3K/Akt signaling pathways.56,57 PI3K/AKT 
pathway abnormal activation enhances anti-apoptotic 
gene expression, such as Bcl-2, and reduces pro-apoptotic 
genes, such as Bax.58

Conclusion
Our results showed that the simultaneous restoration of 
miR-143/145 could effectively reduce U-87 proliferation 
by modulating Akt phosphorylation and induce cell 
apoptosis by activating intrinsic and extrinsic apoptosis 
pathways. Besides, it was proved that the miR-143/145 
combination arrested the U-87 cell cycle at the sub-G1 
phase through the downregulation of CDK1 and Cyclin 
D1 and inhibited cell growth and stemness by decreasing 
c-Myc, and CD44 levels. Then, it was suggested that 
combining miR-143 and miR-145 would be a useful 
strategy for creating innovative treatment plans for 
glioblastoma.
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