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Abstract: Objective: The aim of this study was to elucidate the effects of MCPH1 silencing on proliferation, apopto-
sis, and chemo-sensitivity of non-small cell lung cancer cells. Methods: Specimens were pooled from 50 cases of
confirmed non-small cell lung cancers and 20 cases of normal lung tissues. Pathological changes in the tissues of
the two groups were observed using HE staining. Positive rates of MCPH1 protein expression in lung cancer tissues
and normal lung tissues were detected by immunohistochemistry. Loss status of MCPHZ1 at 3 loci in lung cancer
tissues was determined by comparative genomic hybridization (CGH) assay and loss of heterozygosity (LOH) of
MCPH1 in lung cancer tissues was also measured. The cultured cells were disassociated and stratified into normal
lung cells (Normal), lung cancer cells (Blank), lung cancer cells as negative controls (NC), lung cancer cells with
MCPH1 overexpression (MCPH1 mimic), and lung cancer cells with MCPH1 knockout (siRNA-MCPH1). Protein and
mRNA expression of MCPH1, PARP1, POLD1, PRKDC, Bax and Bcl-2 were detected by qRT-PCR and Western blot.
MTT assay and flow cytometry were applied to determine cell proliferation, apoptosis, and cycle distribution of each
group, after transfection, and semi-inhibitory concentrations (IC,,) of cisplatin and paclitaxel in all groups of cells for
evaluation of chemotherapy sensitivity. Results: Compared to normal lung tissue, MCPH1 protein positive expres-
sion was significantly reduced in non-small cell lung cancer tissues. CGH detection indicated multiple chromosomal
aberrations in 50 specimens of lung cancer tissue. The mean number of chromosomal aberrations was 11.2.
Analysis of LOH at the MPCHZ1 microsatellite loci showed that LOH was found in at least one locus in 39 specimens
(78%), 24 specimens (61.53%) of which had LOH in all 3 loci. When compared with the Normal subset, protein and
mRNA expression of MCPH1 and Bax and apoptosis rates of cells were decreased remarkably. Rates of cells in G1
phase were lowered considerably, but substantive increases were noted in protein and mRNA expression of PARP1,
Bcl-2, POLD1 and PRKDC. There were increases in cell proliferation as well as IC values of cisplatin and paclitaxel
in remaining cell subsets. When compared with Blank and NC subsets, MCPH1, Bax protein and mRNA expression,
and apoptosis rates of cells and rates of cells in the G1 phase were elevated considerably, but protein and mRNA
expression of PARP1, PRKDC, POLD1 and Bcl-2, proliferation rates of cells, and IC values of cisplatin and paclitaxel
were reduced significantly in the MCPH1 mimic subset. Protein and mRNA expression of MCPH1 and Bax, apopto-
sis rates, and rates of cells in G1 phase in the siRNA-MCPH1 subset were reduced considerably, but protein and
mRNA expression of PARP1, PRKDC, POLD1, Bcl-2, cell proliferation, and IC, values of cisplatin and paclitaxel were
increased in the sSiRNA-MCPH1 subset. Conclusion: Silencing of MCPH1 genes significantly accelerates proliferation
of non-small cell lung cancer cells, reducing apoptosis and sensitivity of cells to chemotherapy.
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Introduction

Lung cancer is one of the most common malig-
nancies causing the most deaths in the world
[1-2]. Inadequate early diagnosis and treatment
is a crucial cause for its high mortality and
threat to human health [3]. Microcephalin
(MCPH1) is a gene associated with human
small heads. Mutation of MCPH1 is a major
cause of primary microcephaly [4]. Current re-

search has confirmed that MCPH1 is involved in
an assortment of cell activities including DNA
damage response, cell cycle regulation, and
tumor growth. Low expression or absence of
MCPH1 has been closely linked with onset and
development of tumors [5-7].

Mantere et al. found that MCPH1 is closely
related to apoptosis of breast cancer cells.
Overexpression of MCPH1 may promote apop-
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tosis of breast cancer cells and lay the basis for
the mechanism of action of MCPH1 in apopto-
sis of breast cancer cells [8]. After transfection
of human lung cancer A549 cells, Wenting et al.
found that overexpression of MCPH1 inhibited
the migration and invasion of lung cancer cells,
suggesting that MCPH1 can be used as a new
target for diagnosis and treatment of lung can-
cer [9]. With in depth research on molecular
biology, growing evidence has shown that
sequence of genes related to lung cancer or
changes in base numbers affect the transcrip-
tion of genes and biological behavior of cells,
leading to carcinogenesis or migration of cells.
Loss of heterozygosity (LOH) refers the change
to a pair of heterozygous alleles from a homozy-
gous state. LOH is generally associated with
tumor suppressor genes. When alleles are sig-
nificantly absent or abnormal, they cannot sup-
press the malignant state and cells are trans-
formed into cancer cells, accordingly. Therefore,
this study was conducted to detect LOH of
MCPH1 genes in lung cancer tissue and normal
lung tissues. The aim of this study was to dis-
cuss the relationship between LOH of MCPH1
and occurrence of lung cancer.

Chemotherapy with cisplatin and paclitaxel is
a frequently-used chemotherapy regimen for
cancers. Nevertheless, decreased sensitivity of
tumor cells to chemotherapy adversely affects
the efficacy of chemotherapy [10]. RNA interfer-
ence technology was applied to clarify the
effects of silencing of MCPH1 genes on sensi-
tivity of cells to chemotherapy with cisplatin
and paclitaxel in non-small cell lung cancers.
This study aimed to bring insight into clinical
work and lay a foundation for further investigat-
ing the impacts of silencing of MCPHZ1 genes on
proliferation, apoptosis, and chemo-sensitivity
of cells in non-small cell lung cancers.

Methods and materials
Study patients

This experiment was done under the premise of
safeguarding the interests of all participants.
All participants were fully informed and, after
ethical review, agreed to donate their medical
records to the laboratories for research pur-
poses. Between August 2015 and August
2016, 50 specimens of primary lung cancer tis-
sue, pooled from patients with primary lung
cancer from the Affiliated Hospital of Taishan
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Medical University, were assigned to the experi-
ment group. Twenty specimens of normal lung
tissue were assigned to the control group. No
patients had undergone radiotherapy or che-
motherapy before surgery. Among them, 21
patients had squamous cell carcinoma and
29 had lung adenocarcinoma. Patients were
included if their pathological type was non-
small cell lung cancer and if they had received
no target treatment (such as radiotherapy and
chemotherapy) before specimen collection.
Specimens were placed into sterile EP-tubes
without RNase immediately after being isolated
from the patients. They were then placed into
liquid nitrogen tanks and stored in a refrigera-
tor at -80°C.

H&E staining

Specimens were fixed with 10% neutral formal-
dehyde solution for more than 24 hours.
Subsequently, non-small cell lung cancer tis-
sues and normal lung tissues were dehydrated
with routine gradient alcohol (ethanol concen-
trations at 70%, 80%, 90%, 95% and 100%,
respectively) at 1 min/time, transparentized
with xylene twice (5 min each time), soaked and
embedded in paraffin, and cut into 4 ym sec-
tions (some tissue sections were stored for fol-
lowing immunohistochemistry). The sliced tis-
sue sections were baked in an oven at 80°C
for 1 hours and then stained with hematoxy-
lin (H8070-5 g, Beijing Solarbio Science Te-
chnology, China) for 4 minutes. After washing,
the sections were differentiated with hydro-
chloric acid alcohol for 10 seconds, washed for
6 minutes, followed by bluing with aqueous
ammonia for 8 minutes. Subsequently, they
were stained with eosin solution (PTOO01,
Shanghai Bogoo Biotechnology, China) for 3
minutes. After mounting with neutral balsam,
sections were observed for cell histopatholo-
gical changes (DMM-300D, Shanghai Caikon
Optical Instrument, Shanghai, China) using an
optical microscope.

Immunochemistry

Paraffin sections were baked in an oven over-
night at 60°C, dewaxed with xylene, dehydrat-
ed in routine gradient alcohol (ethanol concen-
trations at 100%, 95%, 80% and 70%, re-
spectively) for 5 minutes each, rinsed in tap
water for 5 minutes, and washed 3 times with
PBS for 3 minutes. Antigen retrieval was per-
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Table 1. Primer sequences for microsatellite loci

water was added to the CGH hybrid-

Microsatellite loci Sequence

ization buffer. In situ hybridization

was performed as follows: probes

D3S1228 Forward: 5’-TCCTTAACTCTTTCTCTGTGAGTTG-3’ . . .
were denaturized in formamide at
Reverse: 5’-TCTACGAAAGGGATTAGGAAGGA-3’ 7200 for 2 minutes Soaked in alCO'
D351029 Forward: 5"-TACCTCCTCACTGTTTCATATTAG-3’ hol at the respective purity of 70%,
Reverse: 5’-CACATACTATGTCTCGGCTAACAG-3’ 85% and 100% for 1 minute each,
D9S171 Forward: 5’-AGCTAAGTGAACCTCATCTCTGTCT-3’ and air-dried. Afterward, 10 uL of

Reverse: 5’-ACCCTAGCACTGATGGTATAGTCT-3’

mixed probes was added dropwise

formed in 0.01 M citrate buffer for 10 minutes
and then sections were placed in 0.3% H,O,-
methanol solution for 20 minutes. MCPH1 anti-
bodies (1:300, ab2612, Abcam, Inc, MA, USA)
were added and PBS served as negative con-
trol. HRP-conjugated goat anti-rabbit IgG
(1:1000, ab6721, Abcam) was used as second-
ary antibody. Sections were visualized with a
DAB substrate for 5 minutes (P0203, Beyotime
Biotechnology, Shanghai, China) and the degree
of visualization was controlled using a micro-
scope. Sections were mounted with neutral
resin and observed and photographed using a
microscope. Five fields were chosen for each
section. Cells were positive when the cytopla-
sm or nucleoplasm was brownish. Positively
stained cells in each field were counted by ran-
domly selecting 5 fields for each section.
Positively stained cells in each field and the
positive rates of cells were calculated using
Image-Pro Plus, version 7.0.

Comparative genomic hybridization

Comparative genomic hybridization (CGH), also
known as DNA copy number karyotype tech-
nique, was used to detect relative DNA copy
number changes between genomes. The meth-
od was as follows: DNA was extracted from lung
cancer tissues using kits and dissolved in TE
solution. After that, 1 ug of genomic DNA, 10 yL
of dNTP mix, 5 pL of 0.1 mmol/LdTTP, 6 uL of
10x nick translation enzyme buffer, 8 yL of nick
translation enzyme, and 2.5 pL of Spectrum
Green dUTP at 0.2 mmol/L were added to the
centrifuge tubes. Deionized water was added to
each test tube so that the total volume of solu-
tion in each test tube was 50 pL. The solution
was incubated in water at 18°C for 2 hours and
then an additional water bath at 65°C for 10
minutes. Subsequently, the reaction was termi-
nated and the tubes were placed on ice for stor-
age. Mixed probes were prepared, centrifuged,
the supernatant discarded, and 7 uL of purified
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and hybridized for 72 hours at 37°C;

10 uL of LDAPIII counterstain was
added for counterstaining. Two hours later, the
slides were observed under a microscope. The
probe primer sequence was F: 5-AGTGGGAG-
ACGCAAAAAGCC-3’, R: 5-GTTCGAACGGCTCCT-
CAGAA-3'. Image acquisition was performed
using an Al image acquisition system. Images
were acquired at no less than 20 acquired
sites. Chromosome deletions and amplifica-
tions were determined using the ratio of two
fluorescence hybridization signals displayed on
the cytovision system.

Loss of heterozygosity detection

Cancer tissues and cancer-adjacent normal tis-
sues (100 mg for each) were taken, grounded,
and digested with proteinase K, followed by
DNA extraction. After DNA extraction, extracted
DNA was determined for content and concen-
tration by an ultraviolet spectrophotometer,
then diluted to 0.1 ug/Ml and stored at -40°C.
Three microsatellite loci (including D9S171,
D3S1228, and D3S1029) near MCPH1 were
selected, according to Genome Date Base
(GDB) https://www.ncbi.nlm.nih.gov/genome/.
The corresponding forward and reverse strand
primers were designed with the use of online
primer design software (Primer 3) (Table 1).
PCR was performed in a total reaction volume
of 20 yL and the PCR program was Touchdown.
PCR was conducted under the following cycling
conditions: initial 11 cycles of thermal cycling
at 92°C for 15 minutes, denaturation at 91°C
for 20 seconds, annealing at 64°C for 40 sec-
onds, extension at 67°C for 2 minutes; followed
by 24 cycles of denaturation at 92°C for 20
seconds, annealing at 54°C for 40 seconds,
extension at 68°C for 2 minutes, and 62°C for
1 hour. LOH analysis was made as follows:
products from genomic DNA amplification,
which had been collected from the tissues,
were diluted 20-fold and 10 pL of LIZ500 dilu-
ent was added to the PCR multi-well plates. The
diluted PCR products were mixed evenly by agi-
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Table 2. qRT-PC primer sequences

Gene  Sequence

MCPH1 Forward: 5’-CACCATCTTTCACTCACCTC-3’
Reverse: 5-CTTACTGAGGAACTCCTGG-3’

PARP1 Forward: 5’-AAGAAGCCAACATCTGAGCT-3’
Reverse: 5’-TTTCCTTGTCATCCTTCAGC-3’

POLD1 Forward: 5-CTCCTTAGGTCCTGGTCTACATG-3’

Reverse: 5’-GCTCCGCTCCTACACGATCAA-3’
PRKDC Forward: 5’-ACTCCAAGATGCTCCTACCTC-3’
Forward: 5’-ACATGTAGCTGCTTTCTTACGG-3’
Bax Forward: 5’-GGCCCACCAGCTCTGAGCAGA-3’
Forward: 5’-GCCACGTGGGCGTCCCAAAGT-3’
Bcl-2  Forward: 5-GTGGAGGAGCTCTTCAGGGA-3’
Forward: 5’-~-AGGCACCCAGGGTGATGCAA-3’

GAPDH Forward: 5’-GGTGTGAACCACGAGAAATATGAC-3’

Forward: 5’-TCATGAGCCCTTCCACAATG-3’

tation. Electrophoresis was performed using an
ABI3130x| sequencer. Data in the experiment
were analyzed using GeneMapper 4.0. LOH was
identified when tumor tissues showed more
than 33% absence of PCR product bands of
DNA compared to cancer-adjacent tissues.

Cell culture

Approximately 3 mm of lung tissue was extract-
ed from each patient with lung adenocarcino-
ma in the experiment group. The tissue was
rinsed with D-Hanks and the supernatant was
removed. After addition of DMEM medium con-
taining 0.15% collagenase, the lung tissue was
transferred to a sterile test tube, digested in an
incubator for 30 minutes at 37°C, and centri-
fuged at 700 r/min for 6 minutes. The superna-
tant was removed. After addition of DMEM low-
glucose medium containing 20% fetal bovine
serum (FBS), tissue was centrifuged for 6 min-
utes at 700 r/min. Cell suspension was pre-
pared by placing sediments into a culture me-
dium. Subsequently, cell suspension was trans-
ferred to a Petri dish and digested for 9 min-
utes in an incubator at 37°C in 5% CO,, after
addition of an appropriate amount of 0.2% tryp-
sin containing 0.01% EDTA. Digestion was ter-
minated by adding culture medium containing
25% FBS. The suspension was centrifuged for
5 minutes at 1200 r/min and then the superna-
tant was pipetted. Cells were resuspended in
DMEM medium containing 25% FBS, trans-
ferred to a new Petri dish, and cultured in an
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incubator at 37°C in 5% CO,, with the culture
medium replaced every 2 days.

Normal lung tissues (approximately 3 mm) we-
re extracted from controls, washed once with
0.25% trypsin solution, and digested with
0.25% trypsin for 10-20 minutes. After addition
of DMEM medium containing 10% FBS, cryo-
genic centrifugation was performed at 1,500 r/
min for 5 minutes and then supernatant was
removed. The sediments were added to 0.1%
type | collagenase, digested for 10-20 minutes,
and centrifuged at 1,000 r/min for 5 minutes
after addition of DMEM medium containing
10% FBS. Cell suspension was seeded into a
culture flask, cultured in an incubator at 37°C
in 5% CO,, for 40 minutes, centrifuged at 800 1/
min for 5 minutes, and then the supernatant
was removed. After addition of DMEM medium
containing 10% FBS, the precipitated cells,
namely lung epithelial cells, were resuspended,
seeded in a culture flask, and cultured in an
incubator at 37°C in an atmosphere of 5% CO,.

Cell stratification and transfection

Third-generation cells were stratified into 5
subsets: Normal subset (normal lung epithelial
cells without transfection with any sequence),
Blank subset (lung adenocarcinoma cells
without transfection with any sequence), nega-
tive control (NC) subset (lung adenocarcino-
ma cells, transfected with negative control),
MCPH1 mimic subset (lung adenocarcinoma
cells transfected with MCPH1 mimic), and siR-
NA-MCPH1 subset (lung adenocarcinoma cells
transfected with siRNA-MCPH1). Cells in loga-
rithmic phase in the Normal, Blank, negative
control (NC), MCPH1 mimic, and siRNA-MCPH1
subsets were seeded in 6-well plates. Once the
cells reached 40-50% confluence, they were
transfected, according to instructions for Li-
pofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). Subsequently, 100 pmol of MCPH1
mimic, siRNA-MCPH1, and negative control
(final concentration 50 nM when added in cells)
were diluted with 250 pL of serum-free medium
Opti-MEM (Gibco, Grand Island, NY, USA) and
mixed and incubated at room temperature for
5 minutes. Then, 5 yL of Lipofectamine 2000
was diluted with 250 yL of serum-free medium
Opti-MEM, mixed and incubated at room tem-
perature for 5 minutes. The above two gener-
ated compounds were mixed and incubated for
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20 minutes, transferred to culture wells, and
cultured at 37°C in 5% CO,. The medium was
thoroughly replaced 6-8 hours later. Cells were
cultured for additional 48 hours for subsequent
experiments.

qRT-PCR

Total RNA was extracted following instructions
for the RNA extraction kits (D203-01, GenStar
BioSolutions, Beijing, China). Reverse tran-
scription to cDNA was performed following
the instructions of TagMan MicroRNA Assays
Reverse Transcription Primers (4427975, App-
lied Biosystems, USA). Reverse transcribed
cDNA was diluted to 50 mg/uL with 2 yL added
each time. Reaction amplification system was
25 uL. The conditions for reverse transcription
reaction were as follows: 37°C for 20 minutes;
83°C for 10 seconds. Primers miRNA-374b,
JAM-2, and ERK were synthesized by TaKaRa
(Table 2). Real-time quantitative PCR was car-
ried out on a 7500 ABI Prism Sequence
Detection System (7500, ABI, USA) under the
following cycling conditions: pre-denaturation
at 95°C for 9 minutes, denaturation at 95°C for
20 seconds, annealing at 62°C for 15 seconds,
extension at 72°C for 35 seconds, for a total of
45 cycles. qPCR was determined in a 20 pL
reaction mixture containing SYBR® Premix Ex
Tag™ Il (2x) 10 L, 0.8 pL of PCR Forward
Primer (10 pL), 0.8 uL of Uni-miR qPCR Primer
(10 pL), and ROX Reference Dye (50x) 0.4 uL.
The reverse transcription yielded 2 uL of cDNA
template and 6 pL of ddH,O. Expression levels
of the target genes MCPH1, PARP1, POLD1,
PRKDC, Bax, and Bcl-2 were calculated by
24Ct method. Each essay was conducted in
triplicate.

Western blot

Liquid nitrogen was added to extracted tissues.
The tissues were ground into uniformly fine
powder, followed by addition of 1 mL of tissue
lysate (components: 60 mmol/L Tris, 140
mmol/L NaCl, 5 mmol/L EDTTA, 0.1% SDS, 2%
NP-40, 5 ug/mL Aprotinin, and 1 mmol/L
PMSF). The mixture was incubated on ice and
homogenized, with protein lysate added at 4°C,
lysed for 30 minutes, and agitated once every
15 minutes. This was followed by centrifuga-
tion at 4°C for 30 minutes at 12,000 r/min.
After the lipid layer was removed, the superna-
tant was taken. Protein concentration was
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measured using BCA kits (20201ES76, Yeasen
Biotech, Shanghai, China) and 25 ug of protein
lanes were adjusted with deionized water.
Concentrated gels and 10% SDS isolated gels
were prepared. The samples were mixed with
sampled buffer and boiled for 5 minutes at
100°C. After culturing on ice and centrifuga-
tion, equal amounts of protein were added with
a micropipette to each lane for electrophoretic
separation and then proteins on the gels were
transferred onto PVDF membranes. Subse-
quently, the membranes were blocked with 4%
skimmed milk powder at 4°C for 2 hours. They
were incubated with rabbit anti-human MCPH1
(1:500, ab2612, Abcam, Cambridge Science
Park, UK), POLD1 (1:1000, ab186407, Abcam,
Cambridge Science Park, UK), PARP1 (1:1000,
ab32064, Abcam, Cambridge Science Park,
UK), PRKDC (1:1000, Ab32566, Abcam, Cam-
bridge Science Park, UK), BAX (1:250, Ab325-
03, Abcam, Cambridge Science Park, UK),
BCL-2 (1:1000, Ab32124, Abcam, Cambridge
Science Park, UK), and HRP-conjugated rabbit
anti-human GAPDH antibodies (internal refer-
ence) (ab9485, Abcam, Cambridge Science
Park, UK) overnight at 4°C, Membranes were
washed 3 times for 3 minutes and incubated
with HRP-conjugated goat anti-rabbit second-
ary antibodies (diluted at 1:5000, P0265, Be-
yotime Biotechnology, Shanghai, China). Pro-
teins were visualized using enhanced chemi-
luminescence (ECL) detection system. The ex-
pression content of each protein was semi-
quantitatively represented by the ratio of A
(absorbance) value of the protein to A value of
GAPDH.

Cell proliferation after transfection tested by
MTT assay

Once the cells of each subset reached approxi-
mately 80% confluence, they were rinsed twice
with PBS and digested with 0.5% trypsin to pre-
pare single-cell suspension. Cells were plated
in 96-well plates at a density of 4 * 10%to 6 *
10° cells per well. Each well had a volume of
0.2 mL. The plates were incubated in a con-
stant temperature incubator at 37°C. After 48
hours of incubation, the plates were taken out
and cultured in culture medium containing
10% MTT solution (5 g/L; GD-Y1317, Shguduo,
Shanghai, China) for an additional 4 hours. The
supernatant was discarded and 100 uL of
DMSO (D5879-100ML, Sigma, USA) was added
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lung adenoca

rcinoma

Figure 1. HE staining for non-small cell lung cancer and normal lung tissues (200x). A: Normal cancer-adjacent tis-
sue; B: Lung adenocarcinoma tissue; C: Lung phosphorous carcinoma tissue.

to each well, followed by 10 minutes of agita-
tion. Subsequently, absorbance of each well at
490 nm was measured with use of a microplate
reader (Nanjing DeTie Laboratory Equipment,
Nanjing, China). Each test was performed in
triplicate. Cell viability curves were plotted with
time points as the x axis and OD values as the y
axis.

Cell apoptosis and cycles detected by flow
cytometry

The apoptosis profile of the cells was deter-
mined by annexin V-FITC/PI double staining.
After 48 hours of culturing, the cells were
digested with 0.25% trypsin solution, incubat
ed for 48 hours at 37°C in an atmosphere of
5% CO,, washed twice with PBS, centrifug-
ed, and resuspended in 200 yL of binding buf-
fer. After addition of 15 pL of annexin V-FITC
and 10 uL of PI, they were mixed, and reacted
at room temperature for 10 minutes; 300 pL of
binding buffer was added and then the apopto-
sis profile of the cells was measured using a
flow cytometer (6HT, Cellwar Bio-technology,
Wuhan, China).

After 48 hours of transfection, medium was
removed and cells were washed once with PBS,
digested in 0.25% trypsin, harvested, and cen-
trifuged at 4°C for 5 minutes at 1000 r/min.
The supernatant was discarded. Cells were
rinsed twice with pre-cooled balanced salt solu-
tion PBS, centrifuged for 5 minutes at 1000 r/
min, and the supernatant was removed. Pre-
chilled 70% ethanol was added to fix the cells
overnight at 4°C. After cells were rinsed with
balanced salt solution PBS, they were centri-
fuged for 5 minutes at 1,000 r/min. Su-
bsequently, 10 uL of RNase enzyme was added
to incubate the cells at 37°C for 5 minutes and
1% PI (40710ESO3, Shanghai Qcbhio Science &
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Technologies, China) was added to stain the
cells away from light for 30 minutes. Samples
were placed on a flow cytometer (FACSCalibur,
BD, FL, NJ, USA). Red-fluorescent signals at the
excitation wavelength of 488 nm were record-
ed for detection of cell cycles. Each experiment
was performed in triplicate.

Cell sensitivity to chemotherapeutic drugs

Cells in logarithmic phase of all subsets were
seeded in 96-well plates at 3 * 10%to 6 * 10°
per well, with 6 paralleled wells in each subset.
After adherence to the surface of each well, cis-
platin at seven concentrations of 0.03, 0.3,
0.75, 1.5, 3, 10 and 30 pg/mL and paclitaxel at
0.000, 5, 0.005, 0.05, 0.5, 5, 10 and 25 pyg/mL
were added to each well. Plates were incubated
for 6 hours at 37°C in an atmosphere of 5%
CO,. Subsequently, the medium was replaced
and plates were placed back into a consent
temperature incubator and cultured for addi-
tional 48 hours; 25 L of MTT (5 mg/mL) was
added to each well and the plates were incu-
bated for 3 hours in an incubator at 37°C in 5%
CO,. The medium was discarded, 150 pL of
dimethyl sulfoxide was added to each well, then
the plates were agitated for 10 minutes.
Absorbance (A) values at 580 nm were mea-
sured on a Bio-Rad fluorescence microplate
reader. The formula for calculating cell viability
was as follows: Cell viability (%) = (A value of the
experiment group/A value of the control group)
* 10,000. Curve fitting was performed by SPSS
(version 11.5) to calculate the half-inhibition
concentration (IC, ) of cells at different concen-
trations of drugs.

Statistical analysis

Statistical data were processed with use of
SPSS statistical software, version 22.0 (SPSS,
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Figure 2. Immunohistochemical staining (200x). A: Normal lung tissue; B: Non-small cell lung cancer tissue MCPH1
protein positive expression rate in two cell subsets of tissue; "P<0.05, compared with normal subset.

Table 3. Deletion frequency in common dele-
tion regions

) ) Chromosome deletion
Common deletion region

frequency
5q 26% (13/50)
6q 28% (14/50)
8q 50% (25/50)
9q 46% (23/50)

Inc, Chicago, IL, USA). Quantitative data are
described as mean + sd; t-tests were utilized
for comparisons between two samples and
one-way ANOVA with Bonferroni’'s post-hoc
tests were applied for comparisons among
more than two groups. Categorical data were
measured by Pearson’s correlation coefficient.
Statistical significance was set as P<0.05.

Results

Pathological changes in non-small cell lung
cancer tissues and tumor-adjacent normal
lung tissues

HE staining indicated more type | alveolar cells
in normal lung tissue and they were flat,
smooth, no hairs, with oblate nuclei located in
the core of cytoplasm. Type Il alveolar cells
were fewer. They were round or cubic. Small
groups of type Il alveolar cells were seen at the
junctions of alveoli, with nuclei protruding to
the cell surface (Figure 1A). Lung adenocarci-
noma cells were heterogeneous, invasive or
atypical, or heterogeneously infiltrated. Kera-
tinization of single cells was observed, some
arranged in real lumps or small cords, some
with visible glandular cavities, and others
arranged in tubular or adenoid structures. In-
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tercellular bridges were seen between cancer
cells and the nuclei were heterotypic, polymor-
phous, deep nuclear staining, and serrated at
the borderline (Figure 1B). Additionally, colum-
nar epithelial cells in lung squamous tissue had
chronic irritation and damage, loss of cilia,
squamous metaplasia of basal cells, hypopla-
sia, and dysplasia (Figure 1C).

MCPH1 protein expression of non-small cell
lung cancer tissues and tumor-adjacent nor-
mal lung tissues

MCPH1 expression was identified in 38 of the
50 specimens of lung cancer tissue and in 19
of the 20 specimens of normal lung tissue.
Immunohistochemical analysis demonstrated
that MCPH1 proteins were strongly positive in
normal lung tissues, in which MCPH1 was main-
ly expressed in the nuclei, whereas MCPH1
positive expression in lung ca ncer cells was
positioned in the cytoplasm (Figure 2A, 2B).
The rate of MCPH1 positive expression was
95.00% in normal lung tissues and 76.00% in
non-small cell lung cancer tissues. Hence, the
rate of MCPH1 positive expression in lung can-
cer tissues was significantly lowered (t = 8.997,
P<0.0001).

Chromosome deletion tested by CGH

Genomic DNA sequences of 50 specimens of
non-small cell lung cancer (they were pathologi-
cally non-small cell lung cancers) were suc-
cessfully analyzed using CGH. Almost every
case was implicated in aberrations of multiple
chromosomes. Among them, at least four chro-
mosome aberrations were implicated. The
most was 18 chromosome aberrations, with a
mean of 11.2 chromosome aberrations per
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Table 4. Loss of MCPH1 at microsatellite loci

non-small cell lung cancer cells

MRNA expression of relevant

genes in cells after transfec-

Microsatellite loci LOH* LOH !
Normal lung cancer D3S1228 9 M4 tion
D351029 11 39 Results of qRT-PCR assay
D9s171 7 43 are displayed in Figure 3:
Frequency of at-least-one-locus LOH  22% (11/50) Compared to Normal subset,
Lung cancer tissue D3S1228 32 18 MRNA expression levels of
D3S1029 37 13 MCPH1 and Bax were reduc-
D9S171 34 16 ed remarkably, but those of

Frequency of at-least-one-locus LOH

78% (39/50) PARP1, PRKDC, POLD1, and
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Bcl-2 were elevated substan-
tially in the remaining subsets
(all P<0.05). When compared
to the Blank subset, no great
difference was noted in the
changes of each gene in the
NC subset. When compared
to Blank and NC subsets,
MRNA expression of MCPH1
and Bax in the MCPH1 mimic
subset were elevated greatly,
but those of PARP1, PRKDC,
POLD1, and Bcl-2 were low-
ered strikingly (all P<0.05).
MmRNA expression levels of

Normal

Blank

NC

MCPH1 mimic
siRNA-MCPH1

Figure 3. Comparison of mRNA expression of associated genes after trans-
fection in various cell subsets. Note: “P<0.05, compared to the Normal sub-

set; #P<0.05, compared with the Blank and NC subsets; ¥P<0.05, compared

MCPH1 and Bax in the siRNA-
MCPH1 subset dropped pro-
foundly, but those of PARP1,

to the MCPH1 mimic subset.

specimen. Common amplification regions were
1, 11p, 16, and 19; common high-copy amplifi-
cation regions were 1pl11-1p13, 6pl12-6p21,
16p11-16p12, 19p13 and 19913; common
deletion regions were 5q, 6q, 8q and 9q and
frequencies are shown in Table 3.

LOH detection

Loss of MCPH1 at three loci in non-small cell
lung cancer tissues and normal lung tissues
is listed in Table 4. Among all 50 specimens
of cancer tissue, 39 (78%) had LOH at least
one locus, of which 24 (61.53%) had LOH at
all 3 loci and the remaining 15 had LOH at
one or two loci. Eleven specimens (22%) of
normal tissue had LOH in at least one locus.
LOH rate of MCPH1 at three loci (D3S1228,
D3S1029 and D9S171) in specimens of lung
cancer tissue was remarkably higher than in
specimens of normal lung tissue (X2 = 21.87,
P<0.0001; X2 = 27.08, P<0.0001; X? = 30.14,
P<0.0001).
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PRKDC, POLD1 and Bcl-2

rose remarkably (all P<0.05).
Compared to the MCPH1 mimic subset, mMRNA
expression levels of MCPH1 and Bax in the siR-
NA-MCPH1 subset decreased strikingly, but
those of PARP1, PRKDC, POLD1 and Bcl-2
increased significantly (all P<0.05).

Protein expression of relevant genes in cells
after transfection

Figure 4 shows the results of Western blot.
Compared with the Normal subset, protein
expression levels of MCPH1 and Bax in the
remaining subsets were reduced remarkably,
but those of PARP1, PRKDC, POLD1, and Bcl-2
were elevated significantly (all P<0.05). Com-
pared to the Blank subset, no remarkable dif-
ferences were noted in the changes of each
gene in the NC subset. When compared to
Blank and NC subsets, protein expression lev-
els of MCPH1 and Bax were elevated strikin-
gly, but those of PARP1, PRKDC, POLD1 and
Bcl-2 were lowered remarkably in the MCPH1
mimic subset (all P<0.05); those of MCPH1
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Figure 4. Protein expression levels of relevant genes after transfection in various cell subsets. Note: A: Protein
expression of relevant genes in each cell subset; B: Graph of protein bands from western blot analysis; "P<0.05,
compared to the Normal subset; #P<0.05, compared with the Blank and NC subsets; ¥P<0.05, compared to the

MCPH1 mimic subset.
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Figure 5. Cell proliferation in all subsets. Note:
“P<0.05, compared with the Normal subset; #P<
0.05, compared to the Blank and NC subsets;
4P<0.05, compared with the MCPH1 mimic subset.

and Bax dropped substantially, but those of
PARP1, PRKDC, POLD1, and Bcl-2 rose con-
siderably in the siRNA-MCPH1 subset (all P<
0.05). Compared to MCPH1 mimic subset, pro-
tein expression levels of MCPH1 and Bax
were reduced remarkably, but those of PA-
RP1, PRKDC, POLD1, Bcl-2 were elevated sub-
stantially in the siRNA-MCPH1 subset (all
P<0.05).
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Cell growth profile in all subsets

MTT assay (Figure 5) indicated no substantive
differences in cell proliferation among the sub-
sets after 24-hours of culturing. Nevertheless,
proliferation of cells in the remaining cell sub-
sets was remarkably higher than the Normal
subset at 48 hours and 72 hours, respectively
(both P<0.05). Proliferation of cells differed
insignificantly between the Blank subset and
the Normal subset, but proliferation of cells in
the MCPH1 mimic subset dropped considerably
compared to the Blank and NC subsets
(P<0.05). Additionally, a significant increase in
proliferation of cells was seen in the siRNA-
MCPH1 subset (P<0.05).

Cell apoptosis detection

Figure 6 illustrates the findings of annexin
V-FITC/PI double staining. Compared to the
Normal subset, apoptosis rates of cells were
lowered considerably in the remaining groups
(all P<0.05). The Blank subset and NC subset
varied insignificantly in apoptosis rates of cells.
Apoptosis rates of cells rose remarkably in the
MCPH1 mimic subset versus the Blank and the
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Table 5. IC50 of cells in all subsets

Cisplatin Paclitaxel
Subsets (ug/mL) (ug/mL)
Normal 0.99+0.26 0.51+0.18
Blank 2.72+0.17" 1.17+0.19*
NC 2.74+0.12" 1.2340.15"

MCPH1 mimic 1.91+0.15"# 0.78+0.17"*
SiRNA-MCPH1 3.72+0.19™# 1.62+0.22"#

Note: "P<0.05, compared to the Normal subset; “P<0.05,
compared with the Blank and NC subsets.

NC subsets (both P<0.05), but dropped sub-
stantially in the siRNA-MCPH1 subset (P<0.05).

Cell cycle distribution

According to results of cell cycle distribution
testing (Figure 7), compared to the Normal sub-
set, rates of cells in the G1 phase were reduced
remarkably but those of cells in the S phase
rose significantly in the remaining subsets (all
P<0.05). No considerable differences between
the NC subset and the Blank subset were seen
in cell cycle distribution. Significant increases
in rates of cells in the G1 phase were seen but
remarkable reductions in those of cells in the S
phase were found in the MCPH1 mimic subset
versus the Blank and NC subsets (all P<0.05).
Rate of cells in the G1 phase dropped strikingly
but that of cells at the S phrase rose remark-
ably in the siRNA-MCPH1 subset (P<0.05).

Chemo-sensitivity

IC,, values of cells in the remaining subsets
were substantially higher than that of cells in
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Figure 6. Apoptosis rate of cells in all subsets. Note: A:
Graph of cell apoptosis; B: Histogram of cell apoptosis.
Note: "P<0.05, compared to the Normal subset; #P<0.05,
compared with the Blank and NC subsets; ¥P<0.05, com-
pared with the MCPH1 mimic subset.

the Normal group (all P<0.05). Compared to
Blank and NC subsets, IC , values of cells were
lowered remarkably in the MCPH1 mimic sub-
set (both P<0.05) but elevated strikingly in the
siRNA-MCPH1 subset (both P<0.05) (Table 5).
IC,, values of cells in the remaining subsets
rose considerably versus that of cells in the
Normal subset, indicating that sensitivity of
cells to chemotherapy was reduced remarkably
in the remaining subsets. After cells of non-
small cell lung cancers had been transfected
with MCPH1 overexpression plasmids, IC,, was
decreased. This implied that the cells were sen-
sitive to chemotherapy and that, to some
extent, MCPH1 can increase sensitivity of cells
to chemotherapy.

Discussion

MCPH1 genes are essential genes for monitor-
ing the mitosis of human cells [11]. MCPH1 has
been shown to be closely linked with repairing
DNA damage. It can regulate DNA damage
response pathways, be involved in repair of cell
damage, and monitor cell cycling to ensure
genomic stability [12-15]. One study exploring
the association between breast cancer and
MCPH1 genes demonstrated that, after knock-
out of MCPH1 gene in mice, genomic instability
increased and mice were more likely to develop
breast tumors [16]. This further suggests that
low expression or absence of MCPH1 plays a
crucial role in presenting and progression of
tumors. Additionally, expression of MCPH1
genes is downregulated in lung cancer tissues
compared with that of normal tissue, indicat-
ing that, as a tumor suppressor, MCPH1 is para-
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mount in the development of lung cancer [17,
18].

Immunohistochemical staining revealed that
positive rates of MCPH1 in cancer tissues were
considerably lower than that in normal tissues,
consistent with the findings of Golubeva et al.
This suggests that MCPH1 is lowly expressed
in cancer tissues [19]. CGH analysis of chang-
es in genomic DNA sequences in 50 specimens
of non-small cell lung cancers demonstrated
that almost every case among the specimens
was implicated in chromosomal aberrations.
Karami and Kopparapu et al. found that, as a
DNA repair gene, downregulation of MCPH1 in
cancer tissue is associated with higher risk for
genomic instability and poses problems to cell
division [20, 21]. This might also be a deci-
sive cause for abnormal genomic DNA sequenc-
es in specimens of non-small cell lung can-
cers and remarkably higher LOH of MCPH1 in
cancer tissue than normal tissue. gqRT-PCR and
Western blot assays revealed that, when com-
pared to Blank and NC subsets, mRNA expres-
sion levels of MCPH1 and Bax rose but those of
PARP1, PRKDC, POLD1 and Bcl-2 dropped sub-
stantially in the MCPH1 mimic subset; mRNA
expression levels of MCPH1 and Bax decreas-
ed remarkably but those of PARP1, PRKDC,
POLD1, and Bcl-2 were elevated significantly
in the siRNA-MCPH1 subset, implying that
silencing of MCPH1 expression can consider-
ably elevate expression of proliferation-associ-
ated genes (PARP1, PRKDC, POLD1 and Bcl-2)
and inhibit expression of apoptosis-associated
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Figure 7. Testing of cell cycle distribution in all subsets.
Note: A: Graph of cell cycle distribution; B: Histogram of
cell cycle distribution; "P<0.05, compared with the Normal
subset; #*P<0.05, compared to the Blank and NC subsets;
&P<0.05, compared with the MCPH1 mimic subset.

gene Bax in cells of non-small cell lung can-
cers. Moreover, MTT and Annexin V-FITC/PI
double staining assays further validated the
role of low-expression of MCPHZ1 in promoting
proliferation of cells of non-small cell lung can-
cers and accelerating diffusion of cancer cells.
Liang reported that MCPH1 genes have low-
expression in a sea of tumor tissues, including
those of breast cancer and ovarian cancer.
Furthermore, proliferation of tumor tissues fur-
ther accelerated, division was significantly
reduced, and the balance of cell proliferation
and apoptosis was further lost [22]. This was
confirmed as this study determined expression
of MCPH1 in lung cancer tissues.

After addition of cisplatin and paclitaxel to all
cell subsets, compared with Blank and NC sub-
sets, IC,, value of cells was decreased remark-
ably in the MCPH1 mimic subset but rose con-
siderably in the siRNA-MCPH1 subset. These
results suggest that, after transfection of
MCPH1 over-expression plasmids in cells in
non-small cell lung cancers, the cells are more
sensitive to chemotherapy and MCPH1, to a
certain degree, can increase the sensitivity of
cells to chemotherapy.

In conclusion, silencing of MCPH1 genes can
promote proliferation of cells of non-small cell
lung cancers, inhibit their apoptosis, and re-
duce their sensitivity to cisplatin chemothera-
py. This study lays a theoretical basis for a bet-
ter understanding of the molecular mecha-
nisms of MCPH1 associated with lung cancer
and brings some insight into the targeted man-
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agement of non-small cell lung cancers. The
findings, however, need further validation by
relevant in vivo experiments and toxicity trials.
Overall, this study confirms association be-
tween silencing of MCPH1 genes and cell pro-
liferation and apoptosis in non-small cell lung
cancers, but only from the perspective of
genes. The specific underlying mechanisms,
however, still require further exploration.
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