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The long noncoding CPS1 intronic transcript 1 (IncRNA CPS1-IT1) is a recently identified tumor suppressor
in the IncRNA family of proteins. Whether this IncRNA plays any functional role in solid tumors remains
largely unknown. The present study aimed to investigate the role of IncRNA CPS1-IT1 in human lung cancer.
Expression of IncRNA CPS1-IT1 was initially assessed in human lung cancer and in a series of lung cancer cell
lines. The effects of CPS1-IT1 overexpression on cell proliferation, migration, and invasion were examined in
lung cancer cell lines A549 and 95D. It was found that IncRNA CPS1-IT1 was significantly lower in cancerous
tissues than in noncancerous tissues. IncRNA CPS1-IT1 was differentially expressed in lung cancer cell lines
and expressed the least in two highly invasive cell lines, A549 and 95D. Overexpression of CPS1-IT1 slowed
down cell proliferation by 35.7% in A549 cells and 30.8% in 95D cells on the fifth day. Cell migration was
inhibited by 59% in A549 cells and 48% in 95D cells, and cell invasion was suppressed by 60% in both cell
lines after overexpression of CPS1-IT1. While cell apoptosis was induced, CPS1-IT1 overexpression promoted
the activities of caspase 3 and caspase 9 without affecting that of caspase 8. These observations were sugges-
tive of the tumor-suppressive role of IncRNA CPS1-IT1 in lung cancer. Our data suggest that CPS1-IT1 may
be used as a biomarker for early diagnosis and therapeutic targets against IncRNA and may be promising in the

treatment of lung cancer.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related deaths
among males in both developed and developing countries
and has surpassed breast cancer as the leading cause of can-
cer deaths among females in more developed countries'.
Patients suffering from this malignancy generally have a
poor prognosis. The low 5-year survival rate may be attrib-
uted to the fact that affected patients have limited access
to early detection and timely treatment™. Early detection
and screening are therefore the best defense against lung
cancer and are of vital importance in the development of
therapeutic targets against this malignancy”.

Recent improvements in high-throughput screening of
differentially expressed genes have led to the discovery of
a novel category of RNAs that are referred to as noncoding
RNAs’. These short or long noncoding RNAs (IncRNAs)
come from <2% of the human genome with limited or

no protein-coding ability because of a lack of open read-
ing frames®®. The number of IncRNAs is estimated to be
15,000, with most of them exhibiting a tissue-specific pat-
tern. Unlike transcription factors, mounting evidence has
indicated that IncRNAs regulate gene expression at dif-
ferent levels, including transcriptional processing, chro-
matin reprogramming, microRNA sponging, and other
processes’. Increasing evidence has further shown that
IncRNAs functionally serve as oncogenes or tumor sup-
pressors and are critically involved in tumorigenesis, cell
proliferation, migration, and apoptosis™'’. The IncRNA
MEGS3, for instance, is an identified tumor suppressor
and has been associated with tumor grade in menin-
gioma'?, as well as regulated cell proliferation and apo-
ptosis in non-small cell lung cancer". In contrast, IncRNA
MALAT1 serves as an oncoprotein that promotes tumor
proliferation and metastasis in esophageal squamous cell

'These authors provided equal contribution to this work as co-first authors.

*These authors provided equal contribution to this work as co-corresponding authors.

Address correspondence to Xiaofeng Tan, Department of General Internal Medicine, Tianjin Hospital, No. 406 Jiefang South Road,

Tianjin 300211, P.R. China. Tel: +86-022-28332713; E-mail: tanxiaofeng789 @sina.com or Xiaoguang Zhao, Department of Neurosurgery,
CPLA Bethune International Peace Hospital, Shijiazhuang, Hebei, P.R. China. Tel: +86-0311-87998224; E-mail: zhaoxiaoguang_phd @ 163.com



374

carcinoma and glioma'*". The identification of critical
IncRNAs as oncoproteins or tumor suppressors has led to
the discovery of biomarkers that are of value in the early
diagnosis of cancer.

IncRNA CPS1 intronic transcript 1 (IncRNA CPS1-
IT1) is a recently identified tumor suppressor in the
IncRNA family of proteins. It was initially identified as
a novel tumor suppressor and served as an independent
predictor for overall survival and disease-free survival in
hepatocellular carcinoma’. Overexpression of IncRNA
CPSI1-IT1 reduced tumor growth and metastasis by inter-
acting with heat shock protein 90 (HSP90)’. However,
whether this IncRNA plays any functional role in other
solid tumors remains largely unknown. Of particular
interest, the current study aimed to investigate the role
of IncRNA CPS1-IT1 in human lung cancer. Expression
of this IncRNA in clinical lung cancer tissues and in lung
cancer cell lines was initially examined. The effects of
CPS1-IT1 modulation on cell proliferation, metastasis,
and apoptosis are fully discussed in this study.

MATERIALS AND METHODS
Human Samples

A total of 40 lung cancer patients underwent clinical
surgeries in Tianjin Hospital (P.R. China) between 2013
and 2015. Before surgery, no chemotherapy or radio-
therapy was performed on these patients. Once dissected,
tumor tissues and adjacent noncancerous tissues were fro-
zen in liquid nitrogen and subsequently used for real-time
polymerase chain reaction (RT-PCR) analysis. All patients
gave their full intention to participate in our study, and
written consents were obtained. This study was approved
by the ethics committee of the Tianjin Hospital.

Cell Culture and Transfection

Lung cancer cell lines A549, H1975, SPC-A-1,
H125, and 95D were commercially purchased from the
American Type Culture Collection (ATCC; Manassas,
VA, USA) and cultured in the recommended medium sup-
plied with 10% fetal bovine serum (FBS; Gibco, Thermo
Fisher, Waltham, MA, USA) in a 5% CO, atmosphere.
Normal human lung cells (MRC-5) were purchased from
the Cell Bank of the Chinese Academy of Sciences and
used as a control. An expression plasmid for IncRNA
CPSI1-IT1 was constructed with pcDNA3.1 vector and
transfected into A549 and D95 cells with Lipofectamine
2000 (Invitrogen, New Brunswick, NJ, USA) as per the
manufacturer’s instructions.

Real-Time Polymerase Chain Reaction (RT-PCR)

Total RNAs from both clinical lung cancer tissues and
cultured cells were extracted with TRIzol reagent (TaKaRa,
Dalian, P.R. China) with a dose of 1 ml/well in six-well
plates. RNAs were quantified with NanoDrop 2000
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(Thermo Fisher Scientific, NJ, USA) by collecting the
absorbance of 260 and 230 nm. Afterward, RNAs were
reverse transcribed into cDNA with a TaKaRa kit. RT-PCR
analysis was performed with the ABI 7900 (Applied
Biosystems, Foster City, CA, USA). The primers were
designed and synthesized by Sigma-Aldrich (St. Louis, MO,
USA). GAPDH was included here as an internal control.

Colony Formation Assay

Both A549 and 95D cells in six-well plates were treated
with control vector or CPS1-IT1 expression plasmid.
Twenty-four hours after treatment, they were seeded into
12-well plates (100 cells/well) in triplicate. After incuba-
tion for 10 days, the colonies were fixed with pre-iced
methanol and stained with crystal violet. Colonies con-
taining more than 50 cells were considered as survivors
and counted under a Nikon microscope (Minato, Tokyo,
Japan) at a magnification of 200x. The following formula
was used to calculate the rate of colony formation: colony
formation rate=(number of colonies/number of seeded
cells) x100%.

Cell Viability Assay

A cell viability assay was performed with 3-(4,5-
dimethyl thiazol-2yl)-2, 5-diphenyltetrazolium bromide
(MTT). A total of 1x10* lung cancer cells were seeded
in 96-well plates and transfected with CPS1-IT1 plasmid
in triplicate. Cells were allowed to grow for an additional
48 hin a 37°C incubator, after which 10 ul of MTT (5 pg/
ml) was mixed with the medium in each well and incu-
bated for another 3 h at 37°C in the dark. Formazan crystal
formed and was dissolved again in 100 ul of DMSO. The
optical absorbance of each well was collected at 570 nM
with a TECAN reader (Mannedorf, Switzerland).

Transwell Assay

Cell migration and invasion were determined by
Transwell assays. First, cells were seeded in six-well
plates and transfected with CPS1-IT1 plasmid for 48 h.
Second, the bottom chamber was filled with 600 ul of
medium with 10% FBS. Third, cells were resuspended
with the recommended medium without FBS, and 1x 10*
A549 or 95D cells were placed in the upper chamber
(Corning, Corning, NY, USA) with a volume of 100 pl
per well. After incubation for 12 h, cells were washed by
PBS three times and fixed with methanol for 10 min, and
then stained with crystal violet for 5 min. Cell migration
was quantified by counting cells that migrated across the
filter toward the lower surface of the chamber. Five ran-
dom fields were calculated under a Nikon microscope
(Minato). For invasion assays, the upper surface of the
chamber was pretreated with Matrigel (BD Biosciences,
San Jose, CA, USA) for 6 hin a 37°C incubator. All exper-
iments were repeated at least three times in triplicate.
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Wound-Healing Assay

Wound-healing assays were explored by creating iden-
tical wound areas for anchorage-dependent cells A549 with
10-ul sterile pipette tips. Cells were seeded into six-well
plates and coincubated with plasmids in the presence or
absence of CPS1-IT1 overexpression for 24 h. Afterward,
cells were scraped in a cross in the center of each well,
washed with PBS, and immediately replaced with fresh
serum-free medium. After 24 h of growth, cells were
observed and photographed under a Nikon microscope
(Minato) at a magnification of 200x for each group.

Cell Apoptosis Assay

Cell apoptosis was examined with Hoechst 33258
(Beyotime, Nanjing, P.R. China) according to the man-
ufacturer’s protocols. Both A549 and 95D cells were
seeded into 12-well plates in triplicate and transfected
with different plasmids for an additional 48 h. Afterward,
Hoechst 33258 was mixed with the medium in each well
and incubated for 15 min at 37°C. Fluorescence images
were captured randomly with an inverted fluorescence
microscope (Nikon; Minato). The percentages of apo-
ptotic neurons were calculated with the following for-
mula: apoptotic rate = (apoptotic cells/total cells)x 100%.

Caspase Activity Assay

The activity of caspase 3, caspase 8, and caspase 9 was
determined by caspase activity kits (Beyotime), accor-
ding to the manufacturer’s instructions. Briefly, both
A549 and 95D cells were administered with CPS1-
IT1-expressing plasmids for 24 h, and cell lysates were
collected. Assays were performed in 96-well plates by
incubating proteins of cell lysates and reaction buf-
fers containing substrates for caspase 3, caspase 8,
and caspase 9, respectively. After coincubation for 4 h,
samples were measured with a TECAN reader at an
absorbance of 405 nm. All experiments were repeated at
least three times in triplicate.

Statistical Analysis

All data were presented as the mean+standard devia-
tion (SD). Each experiment was repeated at least three
times in triplicate, except when stated otherwise. The
Student's #-test was included to compare the difference
between groups. Any value of p<0.05 was considered
statistically significant.

RESULTS

The Transcript Levels of IncRNA CPS1-IT1 Were
Decreased in Human Lung Cancers

First, we examined the expression of IncRNA CPS1-
IT1 in 40 clinical lung cancer patients with RT-PCR anal-
ysis. As shown in Figure 1A, the relative transcript levels
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Figure 1. The transcript levels of IncRNA CPS1-IT1 were
decreased in human lung cancers. (A) Tumor tissues and their
adjacent noncancerous tissues from 40 lung cancer patients were
subjected to RT-PCR analysis to explore the relative expres-
sion of IncRNA CPS1-IT1. *p<0.05, Tumor versus Adjacent.
(B) Normal lung cell MRC-5 and five lung cancer cell lines
A549, H1975, SPC-A-1, H-125, and 95D were included for
RT-PCR analysis, of which A549 and 95D cells showed the
lowest CPS1-IT1 expression. *p<0.05 versus MRC-5 cells.

of CPS1-IT1 in tumor tissues were notably decreased
compared to their adjacent noncancerous counterparts.
MRC-5 cells are derived from normal lungs and used
here as a control. All five lung cancer cell lines showed
significantly lower expressions of CPS1-IT1 when com-
pared with MRC-5 cells, of which the relative transcript
levels of CPS1-IT1 were the lowest in A549 and 95D
cells (Fig. 1B); thus these two cell lines were selected for
the subsequent overexpression assays. These data suggest
that IncRNA CPS1-IT1 was downregulated in human
lung cancers in vivo and in vitro.
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Figure 2. Overexpression of CPS1-IT1 inhibited colony formation and cell proliferation in lung cancer cell lines. (A) An expressing
plasmid for IncRNA CPS1-IT1 was constructed into pcDNA3.1 vector and transfected into A549 and 95D cells, after which RT-PCR
analysis revealed that the relative transcript levels of CPS1-IT1 were upregulated in both cell lines. (B) Colony formation assays were
performed in A549 and 95D cells upon CPS1-IT1 plasmid transfection. (C) A549 cells were transfected with or without CPS1-IT1-
expressing plasmid and subjected to cell viability assays for a consecutive 5 days. (D) 95D cells were transfected with plasmids in the
presence or absence of CPS1-IT1 overexpression and subjected to cell viability assays. Cell proliferative rate was detected each day
for a consecutive 5 days. *p <0.05 versus Control group in A549 cells. #p <0.05 versus Control group in 95D cells.

Overexpression of CPSI1-IT1 Inhibited
Colony Formation and Cell Proliferation
in Lung Cancer Cell Lines

Next, we explored the detailed role of this downregu-
lated IncRNA CPSI1-IT1 in lung cancer. To this end, an
expressing plasmid of CPS1-IT1 was constructed and
transfected into A549 and 95D cells, after which the
relative transcript levels of CPS1-IT1 were remark-
ably increased by approximately threefold compared to
the control group in both cell lines (Fig. 2A), indicat-
ing the efficiency of the CPS1-IT1 expression plasmid.
Afterward, a colony formation assay was performed in

A549 and 95D cells. It was shown that the colony num-
ber in A549 cells was decreased from 100 to 50 upon
CPS1-IT1 expression plasmid transfection, and the
formed colonies were also decreased by approximately
40% in 95D cells (Fig. 2B). Cell viability assays were
explored to assess the role of CPS1-IT1 in cell prolif-
eration. No notable disparities were observed in the first
3 days for either cell line. However, the cell proliferative
rate was suppressed by 21% in A549 cells and 18% in
95D cells on the fourth day, and the inhibitive effects of
CPS1-IT1 were further increased on the fifth day in lung
cancer cells (Fig. 2C and D). Our results showed that
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Figure 3. Overexpression of CPS1-IT1 inhibited cell migration and invasion in A549 and 95D cells. (A) Representative images
of cell migration assays for A549 and 95D cells. Five random sites were photographed and quantified in each experimental
group. (B) Quantification of cell migration assays revealed the inhibitive effects of CPS1-IT1 on cell migration in both cell lines.
(C) Representative images of cell invasion assays for A549 and 95D cells. (D) Quantification of cell invasion assays revealed the
inhibitive effects of CPS1-IT1 on cell invasion in both cell lines. *p <0.05 versus Control group in A549 cells. #p <0.05 versus Control

group in 95D cells.

overexpression of IncRNA CPS1-IT1 in lung cancer cells
inhibited colony formation and cell proliferation.

Upregulated CPS1-IT1 Suppressed Cell Migration
and Invasion in A549 and 95D Cells

A549 and 95D cells showed the highest potential for
migration and the lowest CPS1-IT1 expression among the
five selected lung cancer cell lines; thus we assumed that
downregulated CPS1-IT1 induced cell migration in these
cells. Our results with the Transwell assays demonstrated
this hypothesis (Fig. 3). The ability of cells to migrate
was inhibited by approximately 50% when CPS1-IT1 was
overexpressed in A549 and 95D cells (Fig. 3A and B).
Similar observations were also made in cell-invasive
assays. As shown in Figure 3C and D, about 150 A549 and
95D cells were counted on the lower surface of the mem-
brane in the control group; however, only about 50 cells

were observed to have invaded through the membrane
upon CPS1-IT1 plasmid transfection in both cell lines.

Afterward, a wound-healing assay was also explored
in A549 cells to further assess the effects of CPS1-IT1 on
cell metastasis. A549 cells were transfected with CPS1-
IT1-expressing plasmid and allowed to grow for an addi-
tional 24 h. As shown in Figure 4, the wound closure
ability was remarkably decreased in A549 cells treated
with CPS1-IT1 when compared with the control counter-
part. All of these results showed that overexpression of
CPSI1-IT1 in lung cancer cells significantly suppressed
cell metastasis in vitro.

Overexpression of CPSI-IT1 Promoted Cell Apoptosis
and Changed the Activities of Related Caspases

Cell proliferation and cell metastasis are two main
manifestations of human cancer, while the apoptotic rate
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Figure 4. Upregulated CPS1-IT1 in A549 cells retarded wound
closure abilities in wound-healing assays. (A) Representative
images of wound-healing assays for A549 cells. Five random
sites were photographed and quantified in each experimental
group. (B) Quantification of wound-healing assays showed the
inhibitive role of CPS1-IT1 in cell migration. *p<0.05 versus
Control cells.

of cells varies in tumorigenesis. Next, we explored the
potential role of CPS1-IT1 in cell apoptosis in lung can-
cer cells. As shown in Figure 5A, the apoptotic rates were
increased by 7% in A549 cells and 6% in 95D cells upon
treatment with CPS1-IT1 plasmid. Afterward, the rela-
tive activities of caspase 3, caspase 8, and caspase 9 were
examined with a specific caspase activity kit. When cells
were transfected with CPS1-IT1 plasmids, the relative
activities of caspase 3 and caspase 9 were prominently
increased by approximately 50% in both cell lines, while
that of caspase 8 remained unchanged (Fig. SB-D). These
data revealed that the auxo action of IncRNA CPS1-IT1
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on cell apoptosis is associated with the intrinsic apoptosis
signaling pathway.

DISCUSSION

Lung cancer remains a great health threat for patients
worldwide. Although the 5-year survival rate varies across
countries, it is consistently low due to late-stage diagno-
sis and the paucity of timely intervention®*'®. Therefore,
it is imperative to develop strategies that could serve as
sensitive and specific biomarkers for early detection of
this malignancy.

The emerging discovery of IncRNAs has broadened
our knowledge of human tumorigenesis. Evidence to date
links IncRNA dysregulation to diverse human diseases,
including cancer'”'"®. However, the role of IncRNA in
human lung cancer remains to be elucidated. In the pres-
ent study, we investigated the role of IncRNA CPS1-IT1
in lung cancer and found that expression of CPS1-IT1
was significantly lower in cancerous tissues relative to
the adjacent noncancerous tissues. This finding was
consistent with a previous pioneer study that identi-
fied CPSI-IT1 as a novel tumor suppressor that was
lowly expressed in hepatocellular carcinoma’. Further
in vitro functional assays demonstrated that CPS1-IT1
significantly inhibited the capacity for cell proliferation,
migration, and invasion in lung cancer A549 and 95D
cells. Moreover, cell apoptosis was induced by IncRNA
CPSI-IT1 overexpression. CPSI-IT1 overexpression
interestingly promoted the activities of caspase 3 and
caspase 9 without affecting that of caspase 8. Caspase 8
is a known initiator of apoptosis involved in the extrinsic
apoptosis pathway, whereas caspase 9 is an initiator in the
intrinsic pathway'*?’. Caspase 3 cleaves the inhibitor of
caspase-activated DNase (ICAD) and is the most signifi-
cant executioner caspase”’. Hence, it could be concluded
that IncRNA CPS1-IT1 induced cell apoptosis mainly
through an intrinsic pathway. Since the induction of
apoptotic activity is a good basis for anticancer prolifera-
tion®', the apoptosis promotion effect materially supports
the antiproliferation effect of CPSI1-IT1. All these data
might suggest that IncRNA CPS1-IT1 is a tumor suppres-
sor in lung cancer and serves as a useful biomarker for
early diagnosis of lung cancer.

The molecular mechanisms underlying IncRNA
functions are diverse, including (i) as a decoy to locate
transcription factors; (ii) as a regulatory signal for tran-
scription; (iii) as a scaffold to bridge different proteins;
(iv) as a “sponge” to sequester microRNAs; (v) as a guide
for proteins to reach their targets; and (vi) as a modi-
fied protein that can allosterically alter the functions of
other proteins’*2. The mechanism of how IncRNA CPS1-
IT1 suppresses lung cancer proliferation and metastasis
needs to be elucidated in the future. However, several
clues are valuable. In human hepatocellular carcinoma,
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Figure 5. Overexpression of CPS1-IT1 promoted cell apoptosis and the activities of related caspase. (A) Cell apoptotic rate was
examined in A549 and 95D cells when cells were transfected with CPS1-IT1 plasmids. (B) The relative activity of caspase 3 was
explored in A549 and 95D cells upon CPS1-IT1 transfection. (C) Overexpression of CPS1-IT1 in A549 and 95D cells caused no
notable change in the relative activity of caspase 8. (D) The relative activity of caspase 9 was upregulated in A549 and 95D cells upon
CPSI1-IT1 transfection. *p <0.05 versus Control group in A549 cells. #p<0.05 versus Control group in 95D cells.

CPS1-IT1 is found to interact with HSP90, which is a
required chaperone for the activation and stabilization
of numerous proteins involved in essential cellular pro-
cesses such as signal transduction pathways™. Interaction
of CPS1-IT1 with HSP90 inhibited its binding affinity to
HIF-10a, thereby leading to decreased expression of mes-
enchymal proteins’. In addition, the tumor suppressor
IncRNA MEG3 inhibits the activity of DNA methyltrans-
ferase and reduces the transcription of the Meg3 gene™.
Since CPS1-IT1 also works as a tumor suppressor, as
evidenced in hepatocellular carcinoma’ and in our pres-
ent study, it could be hypothesized that CPS1-IT1 might
play a critical role in silencing target genes via DNA
methylation modifications. More exploration would be

needed as to the detailed mechanisms of IncRNA CPS1-
IT1 in lung cancer.

In all, we identified a long noncoding RNA, CPSI1-
IT1, as a tumor suppressor in lung cancer. To the best
of our knowledge, this is the first study to address the
function of CPS1-IT1 in human lung cancer. Our results
demonstrate that CPS1-IT1 reduces the capacity for cell
proliferation, migration, and invasion in lung cancer. Our
study provides novel insights into the role of IncRNAs in
the development of human lung cancer and suggests that
CPS1-IT1 may serve as a biomarker for the early diag-
nosis of lung cancer. Therapeutic molecules targeting
IncRNA CPS1-IT1 may be promising for the treatment
of lung cancer.
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