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Pseudogene CSPG4P12 affects the biological
behavior of non‑small cell lung cancer by Bcl‑2/Bax
mitochondrial apoptosis pathway
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Abstract. Increasing evidence has shown that chondroitin
sulfate proteoglycan 4 (CSPG4) serve a critical role in
tumor progression. However, the roles of chondroitin sulfate
proteoglycan 4 pseudogene 12 (CSPG4P12) remain to be
elucidated. The present study aimed to investigate the poten‑
tial effects of CSPG4P12 on the physiological behaviors of
non‑small cell lung cancer (NSCLC) and its underlying
biological mechanism. The expression levels of CSPG4P12
in NSCLC tissues and adjacent normal tissues were analyzed
using the gene expression profiling interactive analysis 2
database and reverse transcription‑quantitative PCR. Cell
Counting Kit‑8 and colony formation assays were performed
to measure cell proliferation. In addition, Transwell and
wound healing assays were performed to assess cell invasion
and migration. Cell adhesion was measured by cell‑extracel‑
lular matrix adhesion assay. Hoechst 33342 staining assay
was performed to detect nucleoli of apoptotic cells, and
transmission electron microscopy (TEM) was utilized for
apoptosis detection. Immunofluorescence and western blot
assays were performed to measure the expression levels of
apoptosis‑related proteins. The present results revealed that
the expression levels of CSPG4P12 in NSCLC tissues were
significantly lower compared with those in adjacent normal
tissues. Overexpression of CSPG4P12 inhibited cell prolif‑
eration, invasion, migration and adhesion whilst promoting
apoptosis. There were missing mitochondrial cristae and
mitochondrial vacuoles in the CSPG4P12‑overexpressed
cells when observed under TEM. Overexpression of
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CSPG4P12 also increased the expression of Bax and p53,
whereas it inhibited the expression of Bcl2. In conclu‑
sion, CSPG4P12 could inhibit NSCLC development and
tumorigenesis by activating the p53/Bcl2/Bax mitochondrial
apoptotic pathway.
Introduction
Lung cancer is one of the most prevalent malignant tumors
and seriously threatens human health, since it can drastically
reduce the quality of life (1). The latest statistics show that
there are about 19.3 million new lung cancer cases and nearly
10 million mortalities worldwide (2). Non‑small cell lung
cancer (NSCLC) is the most common pathological subtype
(~80%) of lung cancer globally (3). Despite the availability
of various treatment options for NSCLC, such as surgery,
chemotherapy, nanomedicines, photodynamic therapy and
immune checkpoint inhibitors, its mortality rate remains
high (4‑6). It is therefore important to uncover the mechanism
that can mediate the process of NSCLC development. The
occurrence and progression of NSCLC have been reported to
be influenced by genetic factors and various environmental
factors, such as smoking, air pollution and occupational
exposure (7).
Previous studies have suggested that pseudogenes
serve an important role in the development of cancer (8,9).
Pseudogenes typically arise from mutations or inactivation
of genes, which accumulate during the evolution process (10).
Initially, they were dismissed as non‑functional genomic
junk (11). However, recent studies have revealed that dysregu‑
lated pseudogenes, such as double homeobox a pseudogene
8 (DUXAP8) and cathepsin l pseudogene 8 (CTSLP8) can
affect oncogenic progression by regulating that of particular
cancer‑related genes (12,13). In particular, pseudogene‑derived
long non‑coding RNAs (lncRNAs), such as DUXAP8 and
KRT17P3 (keratin 17 pseudogene 3), which can function as
either oncogenes or tumor suppressors, have been previously
implicated in cell proliferation, migration and invasion, in
addition to drug resistance in NSCLC (12,14). However,
the underlying molecular mechanisms of a large number of
pseudogenes remain unclear.
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Chondroitin sulfate proteoglycan 4 (CSPG4) pseudo‑
gene 12 (CSPG4P12) is a pseudogene‑derived lncRNA that is
highly homologous with its parent gene CSPG4 (15). CSPG4
has been reported to serve an important role in the occurrence
and development of various types of cancer, such as anaplastic
thyroid cancer, squamous cell carcinoma of head and neck
and basal breast carcinoma (16,17). Functionally, CSPG4 is a
tumor cell surface cancer antigen that can confer phenotypic
heterogeneity and mediate malignant progression in epithelial
ovarian cancer (18). It has also been previously revealed that
the overexpression of CSPG4 in anaplastic thyroid cancer
(ATC) can increase tumor size of ATC patient‑derived
xenografted mice (17). In addition, a number of studies have
identified pseudogenes, such as PTENP1 (phosphatase and
tensin homolog pseudogene 1) and AGPG (actin gamma
1 pseudogene), to be important components of gene regulation
networks (19,20). Therefore, present study hypothesized that
CSPG4P12 may be involved in the occurrence and progression
of NSCLC.
In the present study, after analyzing the differences of the
expression of CSPG4P12 between NSCLC tissues and adjacent
normal tissues, the effect of CSPG4P12 on the physiological
behaviors of NSCLC was evaluated to assess its potential
mechanism.
Materials and methods
Tissue specimens. A total of 19 NSCLC tissues and corre‑
sponding adjacent healthy tissues were obtained from
Tangshan Gongren Hospital Affiliated to North China
University of Science and Technology (NCST; Tangshan,
China) from March 2021 to July 2021. All subjects (age range,
43‑81 years; median age, 63 years; 11 males and 8 females)
were included with postoperative pathological diagnosis of
NSCLC and individuals who had received any preoperative
treatment were excluded. The present study was approved by
the Ethics Committee of NCST (approval no. 2021036) and
all participants or their family members signed informed
consent forms.
Differential expression analysis. Gene expression profiling
interactive analysis 2 database (http://gepia2.cancer‑pku.
cn/#analysis) was utilized to perform the differential expres‑
sion analysis of CSPG4P12 between cancer tissues and adjacent
normal tissues in NSCLC (21). Based on datasets from The
Cancer Genome Atlas and genotype‑tissue expression project,
483 lung adenocarcinoma and 347 healthy tissues, 486 lung
squamous cell carcinoma tissues and 338 healthy tissues were
involved in the present study using a standard processing pipe‑
line. The key search terms used were as follows: ‘CSPG4P12’
in the search box on the home page, then ‘Boxplots’; other
parameters were the initial value and the ‘LUAD’ and ‘LUSC’
data sets were selected.
Cell culture and plasmid transfection. NSCLC A549 and H1299
cell lines (Procell Life Science & Technology Co., Ltd.) were
cultured in RPMI 1640 medium (Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS (Zhejiang Tianhang Biotechnology
Co., Ltd.) at 37˚C with 5% CO2. The CSPG4P12‑pUC57 plasmid
was constructed by Changzhou Ruibo Bio‑Technology Co., Ltd.

In brief, CSPG4P12 (ENST00000558282.5; CSPG4P12‑201;
4,853 bp) was amplified using KOD FX (cat. no. KFX‑101;
Toyobo Life Science) and the following primers (SinoGenoMax
Co., Ltd.): 5'‑CTAGTCTAGACACCTG GGCACCAACCT
C‑3' (XbaI) and 5'‑ACGCGTCGACATAGAA AACAGCCC
CAACCAG ‑3' (SalI). The thermocycling conditions were:
Pre‑denaturation at 95˚C for 3 min; followed by 25 cycles at
95˚C for 25 sec, at 60˚C for 20 sec and 72˚C for 40 sec; final
extension at 72˚C for 1 min. The PCR product was recombined
into the pUC57 vector (429‑452 nt) to generate the CSPG4P12
overexpression plasmid (CSPG4P12‑pUC57), which was veri‑
fied by Sanger sequencing.
Cells were seeded into six‑well plates with a density of
1x106 cells/well. Cells were transfected at ~80% confluency
with 2.5 µg CSPG4P12‑pUC57 or empty plasmid (pUC57)
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) at
37˚C for 5 h according to the manufacturer's protocols. Cells
were then harvested for further analysis after 24 h. Cells were
transfected with (negative control) or without (blank control)
2.5 µg pUC57 plasmid for detected the effects of pUC57
plasmid on the proliferation of NSCLC cells.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted using the TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). According to the manufacturer's
instructions, cDNA was synthesized from 2 µg total RNA using
RevertAid First Strand cDNA Synthesis kit (cat. no. K1622;
Thermo Fisher Scientific, Inc.). 20 ng of cDNA was then used
for qPCR with the Power SYBR‑Green PCR Master Mix (cat.
no. A25742; Thermo Fisher Scientific, Inc.) via a 7900HT Fast
Real‑Time PCR System (Thermo Fisher Scientific, Inc.) with
GAPDH as the internal reference. The following primer pairs,
which were obtained from SinoGenoMax Co., Ltd., were used
for qPCR: CSPG4P12 forward, 5'‑ATGGACCAGTACCCC
ACACG‑3' and reverse, 5'‑CCCTGCCTCTAGCCATTGAC‑3'
and GAPDH forward, 5'‑CTGG GCTACACTGAGGACC‑3'
and reverse, 5'‑AAGTGGTCGT TGAGGG CAATG‑3'. The
thermocycling conditions were as follows: Pre‑denaturation
at 95˚C for 2 min; followed by 40 cycles at 95˚C for 15 sec
and at 59˚C for 1 min; final extension at 72˚C for 10 min. The
relative expression levels of CSPG4P12 were calculated using
the 2‑∆∆Cq method (22).
Cell proliferation assay. CCK‑8 assay was performed to
detect cell viability. A total of 5x103 transfected cells/well
were seeded into a 96‑well plate. After culturing for 24, 48
and 72 h at 37˚C, cells were mixed with 10 µl CCK‑8 reagent
(Dojindo Molecular Technologies, Inc.) for 2 h at 37˚C. The
absorbance at 450 nm was measured using the Infinite M200
PRO Microplate Reader (Tecan Group, Ltd.).
Colony formation assay. For the colony formation assay,
transfected A549 or H1299 cells were seeded into 60‑mm
dishes at a density of 2x103 cells/dish and allowed to grow
in RPMI 1640 medium supplemented with 10% FBS at 37˚C
for 10 days, then fixed with 4% polyformaldehyde at 37˚C for
30 min and stained with 0.1% crystal violet (Beijing Solarbio
Science & Technology Co., Ltd.) at 37˚C for 10 min. A light
microscope (magnification, x40; Olympus Corporation) was
used for observation. Each colony contained >50 cells, ranging
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in size from 0.3‑1.0 mm. The colonies were detected using
ImageJ (v1.42q; National Institutes of Health).
Cell migration and invasion. Transwell assay was
performed to measure cell migration and invasion. A total of
7x104 plasmid‑transfected cells in RPMI1640 medium were
seeded into the upper chambers (6.5‑mm diameter inserts;
8‑µm pore size; Costar; cat. no. 3422; Corning, Inc.) with
or without 50 mg/l Matrigel precoating (Corning, Inc.) at
37˚C for 5 h. The lower chamber was filled with RPMI1640
medium supplemented with 20% FBS. Cells attached in the
upper chamber were then removed after 24 (for migration
assay) or 48 h (for invasion assay) at 37˚C. The chambers
were fixed with 4% paraformaldehyde for 30 min at 37˚C
and then stained with 0.1% crystal violet at 37˚C for 10 min.
Migrating or invading cells were then observed and imaged
under an inverted light microscope (magnification, x100;
Olympus Corporation). A total of five fields (upper, lower,
left, right, and middle) were selected per chamber for quan‑
tification.
Wound healing and adhesion assay. Untransfected A549 or
H1299 Cells were seeded into a six‑well plate at a density
of 1x10 6 cells/well and cultured in RPMI1640 medium
supplemented with 1% FBS until ~80% confluency. The
cell monolayer was then scraped in a straight line to create
a ‘scratch’ with a 200 µl pipette tip. Images were captured
under an inverted light microscope (magnification, x40) after
0, 24 and 48 h incubation at 37˚C. The width of wound was
detected using ImageJ (v1.42q; National Institutes of Health).
To measure cell adhesion, a 96‑well plate was coated with
50 mg/l Matrigel at 37˚C for 5 h, then blocked with 1% bovine
serum albumin (Thermo Fisher Scientific, Inc.) at 37˚C for
2 h. Transfected cells were then seeded at the density of
2x104 cells/well. The images under an inverted light micro‑
scope (x100; Olympus Corporation) were captured at 30, 60
and 90 min timepoints at 37˚C. CCK‑8 assay was utilized
to detect the cell proliferation on a microplate reader as
aforementioned.
Hoechst 33342 staining assay. Transfected cells were cultured
for 48 h at 37˚C, fixed with 4% polyformaldehyde for 30 min
at 37˚C, washed with PBS and then stained with 1 µg/ml
Hoechst33342 (Beijing Solarbio Science & Technology Co.,
Ltd.) in the dark for 20 min at 37˚C. Nuclear condensation and
fragmented nuclei was observed under a fluorescent inverted
microscope (magnification, x100; Olympus Corporation).
Transmission electron microscopy (TEM). Cells were
collected after transfection, and centrifuged at 1,000 x g
for 10 min at 37˚C to form a pellet. Cell pellets were fixed
with 2.5% glutaraldehyde at 4˚C overnight and then washed
three times with 0.1 M PBS (pH 7.4) for 15 min. The 1%
osmium tetroxide was fixed again at room temperature for
2 h in the dark and then washed 15 min for three times with
0.1M PBS (pH 7.4). A gradient dehydration was performed
using ascending concentrations of ethanol. The samples were
embedded with the 812 resin embedding medium (Beijing
Zhongjingkeyi Technology Co., Ltd.) overnight at 37˚C and
subsequently polymerized at 60˚C for 12 h. The embedded
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samples were cut into 60‑nm ultra‑thin sections using a
microtome (EM UC6; Leica Microsystems, Inc.). Finally, the
sections were double‑stained with 3% lead citrate and 1.5%
uranyl acetate at 37˚C for 20 min. Observation and acquisi‑
tion of images were performed by TEM (x10,000; H‑7650;
Hitachi, Ltd.).
Immunofluorescence (IF) assay. Untransfected A549 or
H1299 Cells were seeded into a six‑well plate at a density
of 5x105 cells/well. After 24 h at 37˚C, cells were fixed with
4% paraformaldehyde at room temperature for 30 min, then
0.3% Triton X‑100 was added (Beijing Solarbio Science &
Technology Co., Ltd.) for 15 min at 37˚C. After blocking
with 5% BSA for 1.5 h at 37˚C, cells were incubated with
the anti‑Bax antibody (1:2,000; cat. no. ab32503; Abcam)
and anti‑Bcl2 antibody (1:2,000; cat. no. ab32124; Abcam)
overnight at 4˚C. The cells were then incubated with Alexa
Fluor™ 488 goat anti‑rabbit IgG (1:5,000; cat. no. A11008;
Thermo Fisher Scientific, Inc.) at 37˚C for 1 h in the dark.
Following incubation, cells were stained with 1 µg/ml DAPI
solution (BD Biosciences) in the dark for 15 min at 37˚C.
A fluorescent inverted microscope (magnification, x200;
Olympus Corporation) was utilized to capture images of
the samples.
Western blot analysis. Total protein was extracted from cells
using RIPA lysis buffer (Pierce; Thermo Fisher Scientific,
Inc.). Protein concentration was measured using the Pierce
BCA Protein Assay kit (Thermo Fisher Scientific, Inc.).
Protein samples (50 µg) were separated by SDS‑PAGE on an
8% gel and then transferred onto nitrocellulose membranes
(Merck KGaA). The separated proteins were subsequently
blocked with 5% milk at room temperature for 2 h. The
membranes were incubated at 4˚C overnight with the
following primary antibodies: Anti‑ β ‑actin (1:2,000; cat.
no. 66009‑1‑Ig; ProteinTech Group, Inc.); anti‑Bax (1:2,000;
cat. no. ab32503; Abcam); anti‑Bcl2 (1:2,000; cat. no
ab32124; Abcam); and the p53 polyclonal antibody (1:2,000;
cat. no. 10442‑1‑AP; ProteinTech Group, Inc.). Following
incubation with primary antibodies, the membranes were
incubated with HRP‑conjugated goat anti‑rabbit IgG
(1:5,000; cat. no. ZB2301; OriGene Technologies, Inc.)
or goat anti‑mouse IgG (1:5,000; cat. no. S0002; Affinity
Biosciences, Ltd.) secondary antibodies for 1.5 h at 37˚C.
Protein bands were visualized using an ECL kit (cat.
no. RPN2232; Cytiva) and a gel imaging system (Bio‑Rad
Laboratories, Inc.), then analyzed using ImageJ (v1.42q;
National Institutes of Health).
Statistical analysis. Statistical analysis was performed using
SPSS (version 23.0; IBM Corp.). Each assay was repeated
three times. The data are presented as mean ± standard
deviation. The difference in CSPG4P12 expression between
cancer tissues and adjacent normal tissues was analyzed using
paired Student's t‑test. The one‑way ANOVA test followed by
Bonferroni's post hoc correction was utilized to evaluate the
result of wound healing assay. The two‑tailed Student's t‑test
was utilized for the analysis of the other experimental data.
P<0.05 was considered to indicate a statistically significant
difference. The inspection level α was 0.05.
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Figure 1. Expression levels of CSPG4P12 in NSCLC and adjacent normal tissues. (A) CSPG4P12 expression in NSCLC tissues as predicted using the gene
expression profiling interactive analysis database. The graph represents the following: 483 LUAD tissues (red) and 347 adjacent normal tissues (gray);
486 LUSC tissues (red) and 338 adjacent normal tissues (gray). (B) Reverse transcription‑quantitative PCR analysis of CSPG4P12 expression in NSCLC
tissues and adjacent normal tissues. *P<0.05 and **P<0.01. CSPG4P12, chondroitin sulfate proteoglycan 4 pseudogene 12; NSCLC, non‑small cell lung cancer;
LUAD, lung adenocarcinoma. LUSC, lung squamous cell carcinoma.

viability was significantly reduced compared with that in
the control pUC57 plasmid group (P<0.01; Fig. 3B). Colony
formation assay revealed that the number of cell clones in the
CSPG4P12 overexpression group was significantly reduced
compared with that in the control plasmid group (P<0.01;
Fig. 3C and D).

Figure 2. Transfection efficiency as measured using reverse transcrip‑
tion‑quantitative PCR analysis. CSPG4P12 expression in (A) A549 and
(B) H1299 cells after transfection. **P<0.01. CSPG4P12, chondroitin sulfate
proteoglycan 4 pseudogene 12.

Results
Expression of CSPG4P12 is lower in NSCLC tissues
compared with that in the adjacent healthy tissues. GEPIA
data demonstrated that the expression level of CSPG4P12 in
NSCLC tissues was significantly lower compared with that in
the adjacent healthy tissues (P<0.05; Fig. 1A). To validate this
finding, the expression of CSPG4P12 was detected in 19 pairs
of NSCLC tissues and adjacent healthy tissues, which yielded
the same outcome (P<0.01; Fig. 1B).
Overexpression of CSPG4P12 inhibits NSCLC cell
proliferation. After transfection with CSPG4P12‑pUC57,
the expression levels of CSPG4P12 were significantly higher
compared with those in the control pUC57 plasmid group in
both A549 (P<0.01; Fig. 2A) and H1299 cells (P<0.01; Fig. 2B).
This suggests that CSPG4P12‑pUC57 was successfully
transfected into the NSCLC cells tested in the present study.
Fig. S1 indicated that transfection of pUC57 plasmid had no
effect on cell proliferation. CCK‑8 assay results showed that,
after CSPG4P12 overexpression for 24, 48 and 72 h, the A549
cell viability was significantly reduced (P<0.01; Fig. 3A).
However, it was only at the 48 h timepoint that H1299 cell

Overexpression of CSPG4P12 suppresses migration, invasion
and adhesion of NSCLC cells. Transwell migration and inva‑
sion assays showed that the cell migration and invasion in the
CSPG4P12 overexpression group were significantly lower
compared with that in the control plasmid group in both cell
lines tested (P<0.01; Fig. 4A and B). Wound healing assay
showed that, after CSPG4P12 overexpression for 24 and 48 h,
wound healing was significantly reduced, which suggested
that CSPG4P12 overexpression impaired cell migration
(P<0.01; Fig. 4C and D). Cell adhesion experiments indicated
that the overexpression of CSPG4P12 significantly decreased
A549 cell adhesion 30, 60 and 90 min after transfection with
CSPG4P12‑pUC57 (P<0.01; Fig. 5).
Overexpression of CSPG4P12 promotes apoptosis by the
mitochondria apoptosis pathway. Hoechst33342 fluores‑
cence assay showed that the number of apoptotic cells (dark
blue with pyknosis or division) in the control group was
markedly lower compared with that in the CSPG4P12 over‑
expression group (Fig. 6A). In addition, under TEM, some
mitochondrial cristaes in the CSPG4P12 overexpression
group were either reduced or disappeared, where vacuoles
were even formed (Fig. 6B). To explore how CSPG4P12
modulated apoptosis, the expression of apoptosis markers
was next measured. Western blot analysis demonstrated
that CSPG4P12 overexpression significantly increased the
expression of p53 (Fig. 7A and B). Western blotting showed
that overexpression of CSPG4P12 markedly decreased the
expression of Bcl2; but had no effect on the expression of
Bax in A549 cells (Fig. 7A and B). IF assay presented that
CSPG4P12 decreased the expression of Bcl2; however, due
to the different cell density, we still could not draw the solid
conclusion from this assay (Fig. 7C).
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Figure 3. Effects of CSPG4P12 overexpression on the proliferation of non‑small cell lung cancer cells. Detection of cell proliferation using Cell Counting
Kit‑8 assay in (A) A549 cells and (B) H1299 cells. Detection of cell proliferation ability using colony formation assay in (C and D) A549 cells and (E and
F) H1299 cells. **P<0.01. CSPG4P12, chondroitin sulfate proteoglycan 4 pseudogene 12; OD450, optical density at 450 nm wavelength.

Discussion
NSCLC remains to be a malignancy with one of the
highest rates of morbidity and mortality in the world (7,23).
Pseudogene‑derived lncRNAs have been reported to be
involved in the occurrence and development of NSCLC (12,24).
The lncRNA double homeobox A pseudogene 8, which is
partially duplicated from myosin light chain kinase (MYLK),
is highly expressed in lung adenocarcinoma and can promote
cell progression (25). In addition, a previous study revealed
that overexpression of MYLK pseudogene 1 can promote the
proliferation of NSCLC (26). Therefore, present study focused
on CSPG4P12, a lncRNA‑derived pseudogene.
CSPG4, the derived gene of CSPG4P12, has been previ‑
ously found to be overexpressed in triple‑negative breast cancer
cells (27). Application of the CSPG4 antibody was able to
significantly inhibit the proliferation, adhesion and migration
of breast cancer cells (27). Furthermore, CSPG4 has been
proposed to be a viable immunotherapy target for patients
with melanoma (28,29). The present data revealed that overex‑
pressing CSPG4P12 significantly inhibited the cell proliferation,

migration, invasion and adhesion whilst promoting apoptosis
in NSCLC cells. These results suggest that CSPG4P12 may be
involved in the tumorigenesis and progression of NSCLC.
Apoptosis is fundamental in maintaining the balance
between cell division and death. Evasion of apoptosis results in
the uncontrolled multiplication of cells that leads to different
diseases, including cancer (30). Therefore, apoptosis analysis was
performed in the present study to assess the effect of CSPG4P12
on NSCLC. TEM imaging indicated that the overexpression
of CSPG4P12 resulted in disappearance of mitochondrial
cristae. The damage in the cristae changes the permeability of
the mitochondrial membrane, which may induce apoptosis by
affecting the expression of mitochondrial proteins, such as Bax
and Bcl2 (31). Western blot assay demonstrated that the overex‑
pression of CSPG4P12 facilitated the expression of p53. Previous
studies have indicated that p53 induces apoptosis by inhibiting
the expression of the anti‑apoptotic protein Bcl2 (32,33). By
contrast, other studies have previously shown that Bcl‑2 and Bax
exist as heterodimers where they cooperate with each other to
regulate apoptosis (34,35). In the present study, western blot‑
ting results supported the hypothesis that the overexpression
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Figure 4. Effects of CSPG4P12 overexpression on migratory and invasive abilities of non‑small cell lung cancer cells. Detection of (A) cell migration and
invasion using Transwell assay (magnification, x100), (B) the results of which were quantified. (C) Detection and (D) quantification of cell migration using
wound healing assay (magnification, x40). *P<0.05 and **P<0.01 vs. control. CSPG4P12, chondroitin sulfate proteoglycan 4 pseudogene 12; ns, not significant.

Figure 5. Effects of CSPG4P12 overexpression on the adhesion ability
of A549 cells. (A) Images under an inverted light microscope (magnifica‑
tion, x100). (B) Results quantified using Cell Counting Kit‑8 assay. **P<0.01.
CSPG4P12, chondroitin sulfate proteoglycan 4 pseudogene 12; OD450, optical
density measured at 450 nm wavelengths.

of CSPG4P12 promoted apoptosis through the p53/Bcl2/Bax
pathway. However, IF assay could not fully demonstrate the
effect of CSPG4P12 on the expression of Bcl2 and Bax due to
the different cell density. Further experiments still need to be
conducted to fully understand this mechanism. Another previous
study has demonstrated that CSPG4 immunotoxins combined
with a panel of Bcl‑2 inhibitors exerted a synergistic effect in
mouse xenograft models of glioblastoma, melanoma and breast
cancer (36), which indirectly supports the present findings.
There are several limitations that remain associated with
the present study. The small sample size of NSCLC tissues
hindered the analysis of the association of CSPG4P12 with
clinical characteristics of patients with NSCLC. In addition,
due to insufficient TEM magnification, the present study did
not accurately show the results of mitochondrial damage.
However, it was demonstrated that CSPG4P12 functions as a
suppressor gene in NSCLC.
In conclusion, CSPG4P12 was found to be downregulated in
NSCLC tissues, whilst the overexpression of CSPG4P12 inhib‑
ited NSCLC development by activating the p53/Bcl2/Bax axis.
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Figure 6. Effects of CSPG4P12 overexpression on the apoptosis of non‑small cell lung cancer cells. (A) Fluorescence staining assay (Hoechst 33342; magni‑
fication, x100; red arrows indicate apoptotic cells). (B) Transmission electron microscopy (magnification, x10,000; yellow arrows indicate mitochondria with
missing cristae; green arrows indicate vacuolated mitochondria). CSPG4P12, chondroitin sulfate proteoglycan 4 pseudogene 12; N, nucleus; ER, endoplasmic
reticulum; mit, mitochondria; lys, lysosome.

Figure 7. Effects of CSPG4P12 overexpression on apoptosis marker protein expression. (A) Detection of protein expression using western blotting, (B) which
was semi‑quantified. (C) Detection of Bcl2 and Bax protein expression using immunofluorescence assay (magnification, x200). **P<0.01. CSPG4P12,
chondroitin sulfate proteoglycan 4 pseudogene 12; ns, not significant.
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