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Abstract: Objective: We aimed to investigate the effect of miR-27a on the proliferation, apoptosis, and chemo-
sensitivity of non-small-cell lung cancer (NSCLC) cells by targeting microcephalin 1 (MCPH1). Methods: The target-
ing relationship between miR-27a and MCPH1 was first verified using a dual-luciferase reporter assay. The cell
line A549 was chosen for the experiments as it has a higher miR-27a expression level than the other three NSCLC
cell lines, H1355, H460, and H520. The proliferation ability of the NSCLC cells and the IC50 values of doxorubicin
and cisplatin for NSCLC cells were measured using MTT assays. The invasion ability of NSCLC cells was measured
using a Transwell assay. The migration ability of NSCLC cells was measured using a wound healing assay. The cell
cycle and cellular apoptosis rates were examined using flow cytometry. The mRNA and protein expression levels of
MCPH1, PCNA, cyclin E1, Bcl-2, Bax, and caspase-3 were measured using qRT-PCR and western blot. Results: We
found that miR-27a is highly expressed in NSCLC cells and can regulate MCPH1 expression. Moreover, silencing
miR-27a can inhibit the proliferation, invasion, and migration of NSCLC cells, reduce the IC50 values of doxorubicin
and cisplatin, and promote NSCLC cell apoptosis. However, these effects of silencing miR-27a can be reversed by
silencing MCPH1. Conclusion: miR-27a silencing can up-regulate MCPH1 expression, thereby inhibiting cell prolif-
eration, invasion, and migration, inducing cellular apoptosis, and increasing the chemosensitivity of NSCLC cells.
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Introduction

Lung cancer is one of the most common
cancers worldwide, and its morbidity and mor-
tality have been rising rapidly over the past
few decades [1]. Non-small-cell lung cancer
(NSCLC) accounts for 80 to 85% of all lung can-
cers. It has been reported that there are about
500,000 new cases of NSCLC each year glob-
ally, and over half of the patients are aged over
65 years. Thus, NSCLC can be regarded as an
aging-associated disease [2, 3]. There are
many risk factors for NSCLC including smoking,
a family history of lung cancer, environmental
pollution, occupational exposure to cancer-
causing agents, and an inappropriate diet [4].
According to some studies, around 75% of

patients are already at the middle to late stages
when diagnosed with NSCLC and have a low
five-year survival rate [5]. Due to the aging pop-
ulation in China, it is essential to find a feasible
and effective way of treating this disease.

Some recent studies have reported that micro-
cephalin 1 (MCPH1) may be a novel tumor sup-
pressor gene, and its overexpression can
induce the apoptosis of lung adenocarcinoma
cells [6]. MCPH1, also known as BRIT1, was first
discovered during the screening of the repres-
sor of human telomerase reverse transcriptase.
MCPH1 is located on chromosome 8p23.1,
where various cancers including breast and
ovarian cancer frequently show a loss of hetero-
zygosity [7, 8]. The MCPH1 molecule contains
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BRCT (the carboxyl-terminus of BRCA1) do-
mains related to phosphopeptide-binding sites.
The BRCT domain widely exists in BRCA1,
MDC1, and 53BP1 proteins, and these proteins
are involved in the DNA damage response,
DNA repair, and tumor suppression [9, 10].
Researchers have found that MCPH1 plays a
vital role in the DNA damage-response path-
way. Since DNA damage response is a key fac-
tor in the protection against early-stage cancer
in the human body, we speculated that MCPH1
may have a great impact on tumor occurrence
and development [11].

Previous studies have demonstrated that
microRNAs (miRNAs) can markedly affect the
proliferation, apoptosis, and chemosensitivity
of NSCLC cells [12]. Zhang et al. reported an
overexpression of miR-224 in liver cancer cells
and concluded that miR-224 may be a key
marker for liver cancer [13]. miRNA malfunction
is associated with tumor occurrence, and miR-
27a, as an oncogene, is overly expressed in
cancers including breast cancer, ovarian can-
cer, gastric cancer, and colon cancer [14, 15].
The mechanism of miR-27a in tumor pathogen-
esis is complicated, and several downstream
targets of this miRNA have been identified. In
the present study, we investigated the effects
of miR-27a and its target gene MCPH1 on the
proliferation, apoptosis, and chemosensitivity
of NSCLC cells, in an effort to find some new
approaches to the clinical treatment of NSCLC.

Materials and methods
Cell culture

The normal human bronchial epithelial cell line
16HBE (ATCC, USA) and four NSCLC cell lines,
A549, H1355, H460, and H520, were chosen
and cultured in RPMI 1640 medium (Gibco,
USA) containing 10% fetal bovine serum (Gibco,
USA), 50 U/mL penicillin (Gibco, USA), and 100
ug/mL streptomycin (Gibco, USA) at 37°C
with 5% CO, (incubator: Thromo3111, Jinan
Beisheng, China). The medium was changed
every two days and the cells were sub-cultured
every 3-4 days.

Preparation of the liposome complexes

The transfection was performed using Lipo-
fectamine 2000 (Invitrogen, USA). The miR-27a
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inhibitor, miR-27a inhibitor NC, miR-27a mi-
mics, miR-27a mimics NC, and si-MCPH1 (all
50 nmol/L, Vigenebio, USA) were centrifuged,
mixed with 170 pL of phosphate-buffered
saline (PBS, Thermo Fisher Scientific, USA),
respectively, and then left to stand for 5 min.
Next, 30 uL of Lipofectamine 2000 (Thermo
Fisher Scientific, USA) was added to the sam-
ples followed by gentle agitation and incuba-
tion at room temperature for 20 min to create
liposome complexes.

Grouping and transfection

The NSCLC cell line A549 in the logarithmic
growth phase was seeded in 6-well plates at a
density of 1*10° cells/well with six replicates
for each group. Serum-free RPMI 1640 medi-
um without penicillin-streptomycin were used
24 h before the transfection. The cells were
divided into the following five groups: the blank
group (untreated), the NC group (transfected
with a negative control), the miR-27a inhibitor
group (transfected with a miR-27a inhibitor),
the si-MCPH1 group (transfected with si-
MCPH1), and the miR-27a inhibitor + si-MCPH1
group (transfected with a miR-27a inhibitor and
si-MCPH1). The transfection was conducted
according to the Lipofectamine 2000 manufac-
turer’s instructions. After 6 h of transfection,
the medium was replaced with RPMI 1640 con-
taining 10% fetal bovine serum (Gibco, USA).

Dual-luciferase reporter (DLR) assay

The targeting relationship between miR-27a
and MCPH1 was analyzed through a bioinfor-
matics website and verified using a DLR assay.
The 3'UTR fragments of MCPH1 were amplified
using PCR, and the PCR products were inserted
into the multiple cloning sites located in the
downstream of the luciferase gene in the
pmirGLO (E1330, Promega, USA) for creating
Wt-MCPH1. Meanwhile, the miR-27a binding
site on MCPH1 predicted by the bioinformatics
website was mutated, and the 3'UTR fragments
of the mutant MCPH1 were amplified and
cloned into the pmirGLO for creating Mut-
MCPH1. The generation of Wt-MCPH1 and
Mut-MCPH1 was performed by Huayueyang
Biotechnology, Beijing, China. The miR-27a
mimics and miR-27a mimics NC were co-trans-
fected with DLR vectors, respectively, into 293T
cells for measuring the luciferase activity.
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Table 1. gRT-PCR primer sequences

Primer sequence

miR-27a Forward: 5’-GATCTGCAGGGGTTAGCTTGGGGACCTGAAC-3’
Reverse: 5’-GATCATATGAGAGTGACATACTGATGCCTAC-3’
MCPH1 Forward: 5’-GTGCCTATCTGTTGTATGACTG-3’
Reverse: 5’-ATGTTAGACTGAGTAGGTGGCT-3’
PCNA Forward: 5’-CTTATCTTCGCTAGGGGC-3’
Reverse: 5’-ATGGACTGACTCGTCGTC-3’
Cyclin E1 Forward: 5’-CACCGGTAGAGTACTGAGCTC-3’
Reverse: 5-ACGAGTCCATTCGTCACGTGA-3’
Bcl-2 Forward: 5’-TATAAGCTGTCGCAGAGGGG-3’
Reverse: 5-TGACGCTCTCCACACACATG-3’
Bax Forward: 5’-TGCCAGCAAACTGGTGCTCA-3’
Reverse: 5-GCACTCCCGCCACAAAGATG-3’
Caspase-3 Forward: 5’-ATGGAGAACACTGAAAACTCAG-3’
Reverse: 5’-ATGGAGAACACTGAAAACTCAG-3’
GAPDH Forward: 5’-GGGCTGCTTTTAACTCTGGT-3’

Reverse: 5’-GCAGGTTTTTCTAGACGG-3’

Note: MCPH1, microcephalin 1; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

qRT-PCR

After 48 h of transfection, the total RNA was
extracted from the cells in each group using
TRIzol reagent (Invitrogen, USA). The RNAs were
reverse transcribed into cDNAs using the
PrimeScript™ RT kit (Takara, RRO47A, Beijing
Think-far Technology Co., Ltd., China). A SYBR®
Premix Ex Tag™ Il kit (Xingzhi Biological Te-
chnology Co., Ltd., China) was used in the quan-
titative fluorescence PCR. The components of
the reaction mixture were added in the follow-
ing order: 25 pL of SYBR® Premix Ex Tag™ Il
(2%), 2 uL of forward PCR primer, 2 pL of reverse
PCR primer, | uL of ROX reference dye (50x%), 4
uL of DNA template, and 16 pL of double-dis-
tilled water. gRT-PCR (PCR device: ABI 7900HT)
was performed according to the two-step proto-
col with the following parameters: 95°C for 30
s (pre-denaturation), and 40 cycles of 95°C for
5 s (denaturation), 58°C for 30 s (annealing),
and 72°C for 15 s (extension). The relative
expression levels of the target genes were cal-
culated using the 222t method (ACt = Ct
- C‘tGAPDH’ AACt = ACt‘(he study group - ACtthe control group””
GAPDH was used as the internal control, and
the primers are listed in Table 1. The experi-
ment was repeated three times.

target gene

Western blot

After 48 h of transfection, the cells were digest-
ed and collected, and the total protein was iso-
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lated using RIPA (RO010, Solarbio) containing
PMSF. The protein concentration was mea-
sured using a BCA kit (Thermo Fisher Scientific,
USA) and adjusted with deionized water. The
samples were then mixed with a loading buffer
and heated in boiling water for 10 min. Next, 20
pg of protein samples were separated using
12% SDS-PAGE at 80 V for 2 h. The proteins
were then transferred to a polyvinylidene fluo-
ride (PVDF) membrane (ISEQO0010, Millipore,
USA) using wet transfer at 110 V for 2 h. The
PVDF membrane was blocked with 5% skim
milk at 4°C for 2 h and then washed in Tris-
buffered saline tween (TBST) followed by incu-
bation with antibodies of rabbit anti-human
MCPH1 (ab176524, 1:2,000, Abcam, UK), anti-
PCNA (ab152112, 1:1,000, Abcam, UK), anti-
cyclin E1 (ab71535, 1:2,000, Abcam, UK), anti-
Bax (ab32503, 1:1,000, Abcam, UK), anti-Bcl-2
(@b32124, 1:1,000, Abcam, UK), anti-cas-
pase-3 (ab197202, 1:1,000, Abcam, UK), and
anti-GAPDH (ab8226, 1:2,000, Abcam, UK)
at 4°C overnight. Next, the membrane was
washed in TBST three times (10 min per wash)
and incubated with horseradish peroxidase-
conjugated goat anti-rabbit 1gG antibody
(Beijing, ZSBio, 1:5,000). Subsequently, the
samples were washed in TBST and placed on a
clean glass plate. Equal volumes of solutions A
and B from an ECL kit (BB-3501, Amersham,
UK) were mixed in the dark and added onto the
membrane. The images were visualized using a
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gel-imaging system, photographed with a
Bio-Rad imaging analyzer (BIO-RAD, USA), and
analyzed using Image J software. The relative
protein level was calculated as the grayscale
value of the protein band/the grayscale value
of GAPDH protein band. The experiment was
repeated three times.

Cell proliferation ability and half-maximal in-
hibitory concentration (IC, ) measured by MTT
assay

After 48 h of transfection, the cells were col-
lected and counted. The cells were seeded in
96-well plates with six replicates for each group
(100 pL of 3-6*10° cells per well). At 24, 48,
and 72 h, 20 yL 5 mg/mL MTT solution (Gibco,
USA) was dispensed into each well for a 4 h
incubation in the dark. Subsequently, 100 pL of
DMSO was added to each well followed by 10
min agitation for dissolving. The optical density
(OD) value at 490 nm was measured with a
microplate reader (NYW-96M, Beijing Nuoyawei,
China). Cell viability curves were plotted with
time on the x-axis and the OD value on the
y-axis. The assay was repeated three times.

To measure the IC, the cells were seeded into
the 96-well plates in the same way as described
above. The cells untreated with cisplatin and
doxorubicin were used as controls. Cisplatin
with concentrations of 0.01, 0.1, 1, 10, and
100 pg/mL and doxorubicin with concentra-
tions of 0.01, 0.05, 0.25, 1.25, 5, and 25 pg/
mL were added, correspondingly, into each
group (each group had 6 replicates). After 48 h
of culture, 20 yL 5 mg/mL MTT (Gibco, USA)
was dispensed into the wells for 4 h of culture
in the dark. Next, 100 pyL of DMSO was added
to each well followed by agitation for 10 min.
The OD value at 490 nm was measured with a
microplate reader (NYW-96M, Beijing Nuoyawei,
China), and the formula for the cell growth
inhibitory rate (GIR) was as follows: GIR = (OD,,
control group - ODthe study group)/ODthe control group * 100%
The concentration-effect curve was plotted
using SPSS software with log (concentration)
on the x-axis and GIR on the y-axis for IC, value
calculation. The experiment was repeated three
times to calculate the mean and the standard
deviation.

The cell cycle and apoptosis quantified using
flow cytometry

After 48 h of transfection, the cells were har-
vested to determine the cell cycle distribution.
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The cells were washed in PBS three times and
centrifuged at 200 x g for 5 min. After we dis-
carded the supernatant, we adjusted the cell
density to 1*10%/mL with PBS, and then we
fixed the cells with 1 mL 75% pre-cooled etha-
nol at 4°C for 1 h. Next, the cells were centri-
fuged at 200 x g for 5 min followed by two rins-
es in PBS. RNase A (100 uL, Thermo Fisher
Scientific, USA) was added, and the samples
were placed in a 37°C water bath in the dark for
30 min followed by staining with 400 pL of
propidium iodide (PI, Sigma, USA) at 4°C in the
dark for 30 min. The cell cycle was examined
with a flow cytometer (Beckman Coulter, USA)
using red fluorescence at an excitation wave-
length of 488 nm. The experiment was repeat-
ed three times.

After 48 h of transfection, the cells were digest-
ed with EDTA-free pancreatin (Thermo Fisher
Scientific, USA) and placed in flow cytometry
tubes for measuring the cell apoptosis. After
centrifugation at 12,000 x g for 30 min, the
supernatant was discarded, and the cells
were washed in cold PBS three times. The sam-
ples were centrifuged again at 12,000 x g for
15 min before supernatant was removed.
According to the manufacturer’s instructions of
the Annexin-V-fluorescein isothiocyanate (FITC)
apoptosis detection kit (Sigma, USA), Annexin-
V-FITC/PI dye was prepared using HEPES buf-
fer, Annexin-V-FITC, and PI (50:1:2). The cells
were mixed with 100 pL of dye and incubated
at room temperature for 15 min. Subsequently,
the samples were treated with 1 mL of HEPES
buffer (Thermo Fisher Scientific, USA) followed
by agitation and mixing. The cell apoptosis was
examined at an excitation wavelength of 488
nm with a flow cytometer. The cellular apopto-
sis rate was calculated as apoptotic cell count/
total cell count * 100%. The experiment was
repeated three times.

The cell migration in each group was mea-
sured using a wound healing assay

After 48 h of transfection, the cells were seed-
ed in 6-well plates at a density of 5*10° cells/
well. When the cells reached 90% confluence, a
scratch was gently made across the central
axis line of the well with a sterile pipette tip, and
each wound width remained the same. A
serum-free medium was added for the cultur-
ing, and the cells were photographed at O and
24 h after being scratched. The cell migration
distance was measured using Image-Pro Plus
Analysis software (Media Cybernetics, USA).
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Figure 1. miR-27a can negatively regulate the MCPH1 gene. A. The sequence of the 3’-UTR regijon for the pairing of
miR-27a with MCPH1; B. Luciferase activity determined using a dual-luciferase reporter assay; C. The expression
levels of miR-27a in 16HBE and NSCLC cells A549, H1355, H460, and H520. *P < 0.05 vs the miR-27a mimics NC
group, #*P < 0.05 vs 16HBE. MCPH1: microcephalin 1; NSCLC: non-small-cell lung cancer.

Migration rate = (wound width at O h after
scratch - wound width at 24 h after scratch)/
wound width at O h after scratch. Multiple fields
were selected randomly to photograph. Each
group had three replicates, and the experiment
was repeated three times.

The cell invasion in each group was measured
using Transwell assays

Transwell chambers (Shanghai Jrdun Biote-
chnology, China) were placed in 24-well plates,
and the upper side of the Transwell insert was
pre-coated with Matrigel (1:8, Shanghai Qcbio,
China) followed by drying at room temperature.
The cells in each group were digested and
washed in PBS twice. The cell density was
1*10%/mL after resuspension with medium.
The cell suspension (200 plL) was added into
the Transwell upper chamber and 600 pL of
RPMI 1640 medium was added into the lower
chamber. After 24 h, the cells at the inner side
of the upper chamber were scraped off using a
cotton swab and were fixed with 4% parafor-
maldehyde (Beijing Leagene Biotechnology,
China) at room temperature for 10 min before
being washed twice in PBS. Subsequently, the
cells were stained with 0.5% crystal violet
(Beijing Solarbio, China) for 15 min and washed
in PBS three times. Under an inverted micro-
scope, five fields from each group were ran-
domly selected for observation (200X). The
cells that had invaded through the membranes
were counted and photographed.
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Statistical analysis

SPSS 21.0 was applied for the statistical analy-
sis. The measurement data are expressed
as the mean + standard deviation (x + sd). The
comparisons between multiple groups were
conducted using one-way analyses of variance.
The pairwise comparisons of the mean values
in multiple groups were conducted using
Tukey’s post-hoc tests. P < 0.05 was consid-
ered to indicate a statistically significant
difference.

Results
miR-27a is highly expressed in NSCLC cells

The bioinformatics website (http://www.micror-
na.org/microrna/home.do) predicted the exis-
tence of the miR-27a binding site on MCPH1
(Figure 1A). Moreover, the results of the DLR
assay showed that, compared with the cells
transfected with the miR-27a mimics NC, the
cells co-transfected with the miR-27a mimics
and Wt-MCPH1 had lowered the luciferase
activity (P < 0.05) and the cells co-transfected
with the miR-27a mimics and Mut-MCPH1 had
similar luciferase activity (P > 0.05, Figure 1B).
These results indicate that miR-27a can nega-
tively regulate the MCPH1 gene.

Meanwhile, gRT-PCR was conducted to deter-
mine the expression levels of miR-27a in the
normal human bronchial epithelial cell line
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Figure 2. miR-27a and MCPH1 mRNA expression levels measured using gRT-PCR and the MCPH1 protein expres-
sion level measured using western blot. A. Histogram of the qRT-PCR results; B. Western blot bands; C. Histogram of
the western blot results. *P < 0.05 vs the blank group; *P < 0.05 vs the NC group; P < 0.05 vs the miR-27a inhibitor
group; *P < 0.05 vs the si-MCPH1 group. MCPH1: microcephalin 1.

16HBE and in the NSCLC cell lines A549,
H1355, H460, and H520. The results showed
that, compared with 16HBE, the four cancer
cell lines had much higher levels of miR-27a,
and the expression level of this miRNA was
highest in A549 (all P < 0.05). Thus, the A549
cell line was chosen for the subsequent experi-
ments (Figure 1C).

The expression levels of miR-27a and MCPH1
in each group

In order to verify the transfection results, we
performed qRT-PCR to measure the mRNA
expression levels of miR-27a and MCPH1 in
each group. The results showed no differences
in the gene expression levels between the
blank and NC groups (both P > 0.05). Compared
with the blank group, the miR-27a expression
levels in the miR-27a inhibitor and miR-27a
inhibitor + si-MCPH1 groups as well as the
MCPH1 mRNA expression level in the si-MCPH1
group were much lower (all P < 0.05). See
Figure 2A.

Also, the western blot results showed that the
MCPH1 protein expression levels in the blank
and miR-27a inhibitor + si-MCPH1 groups were
not significantly different from their levels in the
NC group, (both P > 0.05), but the miR-27a
inhibitor group had higher MCPH1 protein
expression levels and the si-MCPH1 group had
lower MCPH1 protein expression levels com-
pared with the NC group (both P < 0.05). See
Figure 2B and 2C.
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The cell proliferation abilities and IC,, values
of doxorubicin and cisplatin measured using
MTT assays

The results of the MTT assays showed that the
blank and miR-27a inhibitor + si-MCPH1 groups
had similar cell proliferation abilities compared
to the NC group (P > 0.05). At 48 and 72 h, the
cell proliferation ability was lower in the miR-
27a inhibitor group and was higher in the si-
MCPH1 group compared with the NC group (all
P < 0.05). Moreover, the cell proliferation ability
was greater in the miR-27a inhibitor + si-MCPH1
group than it was in the miR-27a inhibitor group
at 48 and 72 h (both P < 0.05). The findings
suggest that silencing miR-27a can inhibit the
proliferation of NSCLC cell A549, but this effect
of silencing miR-27a on A549 can be reversed
by silencing MCPH1. See Figure 3A.

The results of the MTT assay indicated that the
IC,, values of doxorubicin and cisplatin for the
NSCLC cells in the blank and miR-27a inhibitor
+ si-MCPH1 groups were not different from the
IC,, values of doxorubicin and cisplatin for the
NSCLC cells in the NC group (all P > 0.05), but
the IC,, values were lower in the miR-27a inhibi-
tor group and higher in the si-MCPH1 group
compared with the NC group (all P < 0.05). The
doxorubicin and cisplatin IC,, values in the miR-
27a inhibitor + si-MCPH1 group were higher
than they were in the miR-27a inhibitor group
and lower than they were in the si-MCPH1 group
(all P < 0.05). The results indicate that silencing
miR-27a can reduce the resistance of NSCLC

Int J Clin Exp Med 2020;13(12):9253-9267
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Figure 3. The cell proliferation abilities and IC,, values of doxorubicin and cisplatin for the NSCLC cells measured
using MTT assays. A. Cell proliferation ability measured using an MTT assay; B. The IC50 value of cisplatin in each
group; C. The IC_ value of doxorubicin in each group. *P < 0.05 vs the blank group; *P < 0.05 vs the NC group; *P <
0.05 vs the miR-27a inhibitor group; *P < 0.05 vs the si-MCPH1 group. ICSO: half maximal inhibitory concentration;
MCPHZ1: microcephalin 1; OD: optical density; NSCLC: non-small-cell lung cancer.

cell line A549 to doxorubicin and cisplatin. See
Figure 3B and 3C.

Cell cycle measured by flow cytometry

A flow cytometry test showed that, compared
with the NC group, the miR-27a inhibitor group
had a higher proportion of A549 cells in the G1
phase and a lower proportion of cells in the S
phase, but the si-MCPH1 had a lower propor-
tion of G1 cells and a higher proportion of S
cells (all P < 0.05). No differences were found
among the blank, NC, or miR-27a inhibitor + si-
MCPH1 groups in terms of cell cycle distribu-
tion (P > 0.05). The miR-27a inhibitor + si-
MCPH1 group had a lower proportion of cells in
the G1 phase and a higher proportion of cells in
the S phase versus the miR-27a inhibitor group
(both P < 0.05). The findings suggest that
silencing miR-27a can hinder cell cycle progres-
sion and arrest the cells in the G1 phase in the
A549 cell line. However, the effect of silencing
miR-27a can be reversed using MCPH1 silenc-
ing. See Figure 4.

Cellular apoptosis measured by flow cytometry

Compared with the NC group, the miR-27a
inhibitor group had a higher cellular apoptosis
rate (P < 0.05), but the other groups had similar
cellular apoptosis rates (all P > 0.05). The miR-
27a inhibitor + si-MCPH1 group had a lower
apoptosis rate than the miR-27a inhibitor group
(P < 0.05). The results demonstrated that
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silencing miR-27a can promote the apoptosis of
NSCLC cell A549, whereas this effect of silenc-
ing miR-27a can be reversed by silencing
MCPH1. See Figure 5.

Cell migration ability measured using wound
healing assays

Compared with the NC group, the cell migration
ability was lower in the miR-27a inhibitor group
and higher in the si-MCPH1 group (both P <
0.05). Meanwhile, the cell migration ability in
the miR-27a inhibitor + si-MCPH1 group was
higher compared with the miR-27a inhibitor
group and lower compared with the si-MCPH1
group (both P < 0.05). These results suggest
that silencing miR-27a can suppress the migra-
tion ability of NSCLC cell A549, and silencing
MCPH1 can promote the migration of A549.
See Figure 6.

Cell invasion ability measured using Transwell
assays

The blank and the miR-27a inhibitor + si-MCPH1
groups had similar amounts of invading cells
compared with the NC group (both P > 0.05),
but the amount of invading cells was lower in
the miR-27a inhibitor group and higher in the
si-MCPH1 group compared with the NC group
(both P < 0.05). The miR-27a inhibitor + si-
MCPH1 group had more invading cells than the
miR-27a inhibitor group and fewer invading
cells than the si-MCPH1 group (both P < 0.05).
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The results indicate that silencing miR-27a can
suppress the invasion ability of NSCLC cell
A549, whereas silencing MCPH1 can promote
the invasion of A549. See Figure 7.

mRNA and protein expression levels of PCNA,
cyclin E1, Bel-2, Bax, and caspase-3 in each

group

In order to investigate the effect of MCPH1
overexpression on the proliferation, apoptosis,
and chemosensitivity of NSCLC cells by mediat-
ing the ATR signaling pathway, we measured
the mRNA and protein expressions of PCNA,
cyclin E1, Bcl-2, Bax, and caspase-3 using qRT-
PCR and Western blot. The results, displayed in
Figure 8, showed no differences in their mRNA
and protein expression levels of PCNA, cyclin
E1, Bcl-2, Bax, or caspase-3 among the blank,
NC, and miR-27a inhibitor + si-MCPH1 groups
(all P> 0.05). Compared with the NC group, the
miR-27a inhibitor group had lower mRNA and
protein expression levels of PCNA, cyclin E1,
and Bcl-2 and higher mRNA and protein expres-
sion levels of Bax and caspase-3. In contrast,
the si-MCPH1 group had higher mRNA and pro-
tein levels of PCNA, cyclin E1, and Bcl-2 and
lower mRNA and protein levels of Bax and cas-
pase-3 than the NC group (all P < 0.05).
Compared with the miR-27a inhibitor group, the
miR-27a inhibitor + si-MCPH1 group had higher
MRNA and protein expression levels of PCNA,
cyclin E1, and Bcl-2 and lower mRNA and pro-
tein expression levels of Bax and caspase-3 (all
P < 0.05). These results indicate that silencing
miR-27a can suppress the mRNA and protein
expression levels of the proliferation-related
factors, PCNA and cyclin E1, and the anti-apop-
totic factor, Bcl-2, and promote the mRNA and
protein expression levels of the pro-apoptotic
factors, Bax and caspase-3, in NSCLC cell
A549.

Discussion

According to some surveys, the morbidity of
lung cancer increases with senescence, and
the age of onset is now 5-10 years earlier than
before. Currently, the therapies for treating lung
cancer cannot achieve good results in elderly
patients, as the elderly people have weakened
metabolic and organ functions, many concomi-
tant diseases, and a poor tolerance to chemo-
therapy. Since molecularly targeted therapy
has become a breakthrough in the clinical
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treatment of lung cancer in recent years, we
aimed to investigate NSCLC from a molecular-
level perspective in this study, in an effort to
bring some new insights into the gene therapy
for this disease.

We first found the pairing of miR-27a with
MCPH1 using a bioinformatics website and ver-
ified their relationship by conducting a DLR
assay. Previous studies have already revealed
that miRNA can affect cancer cells via regulat-
ing target genes. For instance, miR-181a-5p
can target Kras to suppress the proliferation
and migration of NSCLC cells.

MCPH1 has become a popular research topic in
recent years. Clinical trials have demonstrated
that the aberrant expression of MCPH1 is
closely related to the occurrence and develop-
ment of tumors [15]. MCPH1, which can regu-
late the cell cycle and participate in various
regulations of cellular functions, has a key role
in the DNA damage response pathway, and
DNA damage is considered a major cause of
cancer [16, 17]. Previous studies reported a
low expression level of MCPH1 in human lung
cancer tissue and a high expression level in
normal lung tissue and revealed that the high
expression of MCPH1 can help to inhibit the
proliferation and induce the apoptosis of
human lung cancer cells [18]. Moreover, some
in vitro studies have indicated that MCPH1 is
an indispensable nucleobindin that can help
other DNA damage response proteins gain
access to the DNA lesions [19]. When DNA
damage occurs, MCPH1 can maintain genome
stability via the ATM/ATR signaling pathway [20,
21].

In our study, we found that silencing miR-27a
can up-regulate MCPH1 expression, inhibit the
proliferation, migration, and invasion, and
increase the apoptosis rate in the NSCLC cell
line A549; moreover, the pro-apoptotic effect of
silencing miR-27a is reversed by silencing
MCPH1. Also, we found that silencing miR-27a
reduces the resistance of NSCLC cell line A549
to doxorubicin and cisplatin. Doxorubicin and
cisplatin are common chemotherapeutic drugs
for treating lung cancer. Doxorubicin can inhibit
RNA and DNA synthesis and can kill tumor
cells in different growth cycles, and cisplatin
can suppress DNA replication and damage can-
cer cellss membrane structures [22, 23].
Furthermore, we found that miR-27a silencing
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Figure 7. The cell invasion ability in each group measured using Transwell assays (200x). A. Images of the cell invasion in each group; B. The number of invasive
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can inhibit the mRNA and protein expressions
of PCNA, cyclin E1, and Bcl-2 and promote the
MRNA and protein expressions of Bax in A549.
PCNA and cyclin E1 participate in cell prolifera-
tion, but Bcl-2 and Bax are an anti-apoptotic
factor and a pro-apoptotic factor, respectively
[24, 25]. However, further investigations need
to be conducted to elucidate the detailed
mechanism by which MCPHZ1 induces cellular
apoptosis.

In conclusion, silencing miR-27a can up-regu-
late MCPH1 expression, thereby inhibiting cell
proliferation, invasion, and migration, inducing
cellular apoptosis, and increasing the chemo-
sensitivity of NSCLC cells. However, more stud-
ies need to be conducted to explore the signal-
ing pathways miR-27a uses to regulate the
MCPH1 expression in NSCLC cells.
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