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Purpose: The present study aims to investigate the involvement of IncRNA GAPLINC in
non-small lung cancer (NSCLC).

Patients and methods: The study included 70 patients with NSCLC (39 males and 31
females, 33 to 68 years, 49.3 + 6.4 years). RT-qPCR, transient cell transfections, measure-
ment of in vitro cell migration and invasion abilities and western blot were carrying out
during the research.

Results: We showed that GAPLINC was up-regulated in NSCLC tissues and positively
correlated with TGF-B1. In vitro cell experiment showed that over-expression of TGF-p1
significantly up-regulated the expression of GAPLINC, while over-expression of GAPLINC
failed to affect TGF-B1. Follow-up study showed that high GAPLINC level in NSCLC tissue
was closely correlated with poor survival rate of NSCLC patients. Over-expressions of TGF-
1 and GAPLINC resulted to accelerated migration and invasion of NSCLC cells. In
addition, the silencing of GAPLINC siRNA attenuated the effect of TGF-B1 treatment.
Conclusion: TGF-B1 may mediate IncRNA GAPLINC expression to promote NSCLC cell
invasion and migration.
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Introduction

A large population of the cancer patients are diagnosed with inoperable condi-
tions. Therefore, the accurate prognosis is important to clinicians to design
individualized treatment strategies, which are beneficial to improve the patients’
survival rate.' Non-small cell lung cancer (NSCLC) is the major subtype of
lung cancer and possesses more than 80% of all lung cancer cases.” NSCLC is
the most common type of malignancies as well as the leading cause of deaths in
cancer patients in many regions of the world, including China and USA.*> After
the initial diagnosis, the 5-year survival rate of NSCLC patients is only less than
20%.° Therefore, novel effective prediction markers and therapeutic targets are
urgently needed.

Long non-coding RNAs (IncRNAs, >200 nt) play critical roles in gene expres-
sion regulation. They have attracted more and more attention from researchers in
cancer research field.”® The altered expression of certain key regulative IncRNAs in
cancer development and progression is closely related with dysregulated expression
of some oncogenes or tumor suppressors. Therefore, regulation of the expression of
certain IncRNAs may indirectly modulate cancer progression.”'° However, the
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functions of most IncRNAs remain to be elusive. LncRNA
GAPLINC has been characterized as an oncogene in gas-

tric cancer and colorectal cancer,'""!?

while its role in lung
cancer is rarely known. The present study was carried out

to investigate the roles of GAPLINC in NSCLC.

Materials and methods

Patients

The Ethics Committee of Jinan Central Hospital approved
this study. It included 70 patients with NSCLC (39 males and
31 females, 33—68 years, 49.3+6.4 years). All the patients
were enrolled in Jinan Central Hospital between June 2011
and June 2013. The inclusion criteria were: 1) new NSCLC
cases were diagnosed by histopathological examinations; 2)
patients were willing to donate biopsies and participate in a
5-year follow-up. The exclusion criteria were: 1) patients
received any drug or other types of treatment before admis-
sion; 2) patients were complicated with other clinical disor-
ders. Based on the AJCC staging system, there were 15, 20,
21, and 14 cases that were at stage [-1V, respectively. All the
70 patients signed the informed consent.

Follow-up

All the 70 patients were followed up for 5 years (or until
their death) to observe their survival conditions. Patients
who were lost, died of other clinical disorders, or traffic
accidents were not included in this study.

Specimens and cells
The biopsy was performed on all patients before therapies.
NSCLC cancer tissues and their adjacent (within 2 cm
around the tumor) non-cancer tissues (0.1-0.3 g) were
collected from each patient during biopsy.

H23 and H522 cell lines were used in this study, which
were purchased from ATCC (USA). The cells were cultured
in RPMI-1640 medium (10% FBS) at 37°C and 5% CO..

RT-qPCR
Total RNA extraction was conducted using Ribozol
reagent (Thermo Fisher Scientific). cDNA synthesis was
performed using Reverse Transcriptase AMV (Sigma-
Aldrich, USA). qPCR mixtures were prepared using
SYBR Green Master Mix (Bio-Rad, USA) to detect the
expression of GAPLINC and TGF-B1 with 18s rRNA or
GAPDH, respectively. All PCR reactions were repeated 3

times. All data were normalized using 2~ **“T method.

Transient cell transfections

GAPLINC and TGF-B1 expression vectors were constructed
using the pcDNA3.1 vector (Sangon, Shanghai, China).
GAPLINC siRNA (TGATAGCCCGAGGATGTGGATG)
and Scrambled negative control (NC) siRNA (5-UUC
UCCGAACGUGUCACGUdTAT-3") were purchased from
Sangon (Shanghai, China). H23 and H522 cells were cul-
tured overnight to reach a confluence of 70-80%. All tran-
sient transfections were then performed with 35 nM siRNA
(NC siRNA as NC group) or 12 nM vector (empty vector as
NC group). All subsequent experiments were performed at
24 hrs after transfections. Control (C) cells for all groups
were untransfected cells.

Measurement of in vitro cell migration

and invasion abilities

H23 and H522 cells were harvested at 24 hrs after transfec-
tions. Cell suspensions were prepared by mixing 1 mL
RPMI-1640 medium (1% FBS) with 3x10* cells. The
upper Transwell chamber was filled with cell suspension,
while the lower Transwell chamber was filled with a mix-
ture of 80% RPMI-1640 medium and 20% FBS. Before
invasion assay, Matrigel (356234, Millipore, USA) was
used to coat the upper chamber at 37°C for 6 hrs to mimic
in vivo invasion conditions. Cells were cultured at 37°C and
5% CO, for 3 hrs to allow cell migration and invasion. After
that, the upper chamber was stained for 15 mins at room
temperature with 0.5% crystal violet (Sigma-Aldrich,
USA). The upper chamber membrane was then cleaned.
The stained cells were observed under a light microscope.

Western blot

H23 and H522 cells were subjected to total protein extrac-
tion using Total Protein Extraction Kit (NBP2-37853,
Novus Biologicals). After denaturing, protein samples
were subjected to 10% SDS-PAGE gel electrophoresis.
After gel transferred to PVDF membranes, blocking was
performed in 5% non-fat milk at room temperature for 2
hrs. Membranes were then subjected to incubation with
rabbit anti-human GAPDH (1:1300, ab8245, Abcam) and
TGF-B1 (1:1300, ab92486, Abcam) primary antibodies at
4°C overnight. In the next day, the membrane was incu-
bated with [gG-HRP goat anti-rabbit secondary antibody
(1:1000, MBS435036, MyBioSource) at room temperature
for 2 hrs. Signals were detected using ECL™ Western
Blotting Analysis System (Sigma-Aldrich) and analyzed
using Image J v1.46 software.
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Statistical process

Data were presented as the mean values, based on three
biological replicates of each experiment. Differences
between NSCLC and non-cancer tissues were analyzed by
paired #-test. Differences among cell transfection groups or
clinical stages were analyzed by one-way ANOVA and
Tukey test. The correlation between GAPLINC and TGF-
B1 was analyzed by linear regression analysis. Survival ana-
lysis was performed by dividing the 70 patients into high
GAPLINC expression (n=33) and low GAPLINC expression
(n=37) groups based on Youden’s index. Based on survival
data, survival curves were plotted and analyzed using K-M
method and log-rank test, respectively. The statistically sig-
nificant cutoff value was p<0.05.

Results
GAPLINC and TGF-1 were upregulated

in NSCLC tissues

GAPLINC and TGF-B1 mRNA were detected by perform-
ing RT-qPCR experiments and analyzed by paired #-test.
Comparing to adjacent non-cancer tissues, expression
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levels of GAPLINC (Figure 1A) and TGF-f1 mRNA
(Figure 1B) were significantly increased in NSCLC tissues
(»<0.05). The correlation between GAPLINC and TGF-$1
was analyzed by performing linear regression analysis. It
was observed that GAPLINC and TGF-B1 were positively
correlated in NSCLC tissues (Figure 1C). However, the
correlation between them was not significant in non-cancer
tissues (Figure 1D).

TGF-B| overexpression resulted in the

upregulation of GAPLINC

TGF-B1 and GAPLINC expression vectors were transfected
into H23 and H522 cells to further investigate the relation-
ship between TGF-1 and GAPLINC. Expression levels of
TGF-B1 and GAPLINC were significantly increased in both
cell lines after 24-hr transfections, comparing to NC and C. It
indicates the successful overexpression (Figure 2A, p<0.05).
Moreover, TGF-B1 overexpression resulted in the upregu-
lated expression of GAPLINC (Figure 2B, p<0.05), while
GAPLINC overexpression failed to affect TGF-Bl1
(Figure 2C).
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Figure | GAPLINC and TGF-f1 were upregulated in non-small cell lung cancer (NSCLC) tissues. Analysis of GAPLINC and TGF-BI mRNA expression data by one-way
ANOVA and Tukey test. (A) and TGF-B1 mRNA (B) was significantly upregulated in NSCLC tissues than in non-cancer tissues (*p<0.05). Linear regression analysis showed
that GAPLINC and TGF-1 were positively correlated in NSCLC tissues (C), but not in adjacent non-cancer tissues (D).
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Figure 2 TGF-B| overexpress
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significantly increased in both cell lines after
ion resulted in upregulated expression of

GAPLINC (B) (p<0.05), but GAPLINC overexpression failed to affect TGF-g1 (C); (*p<0.05).
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Figure 3 High GAPLINC level in non

High GAPLINC level in NSCLC tissue

predicted poor survival

Differences in expression levels of GAPLINC in
NSCLC tissues among patients with different clinical
stages were analyzed by one-way ANOVA and Tukey
test. No significant differences in expression levels of
GAPLINC were found (Figure 3A). Through the afore-
mentioned methods, survival curves were plotted and
compared. It was observed that patients with high
expression levels of GAPLINC showed significantly
worse overall survival (Figure 3B). It is noted that
patients with high levels of TGF-f1 also showed a

-small cell lung cancer (NSCLC) tissue predicted poor survival
way ANOVA and Tukey test (A). Survival curve analysis showed that patients with high expression levels of GAPLINC had significantly worse
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lower overall survival rate, compared to patients with
low levels of TGF-BI.

TGF-B1 promoted GAPLINC expression
to accelerate NSCLC cell migration and

invasion

Transwell migration and invasion data were analyzed by one-
way ANOVA and Tukey test. Compared to NC and C, TGF-
B1, and GAPLINC overexpressions resulted in accelerated
migration (Figure 4A) and invasion (Figure 4B) of H23 and
H522 cells (p<0.05). In addition, silencing of GAPLINC
siRNA attenuated the effect of TGF-B1 treatment.
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Figure 4 TGF-B| promoted GAPLINC expression to accelerate non-small cell lung cancer (NSCLC) cell migration and invasion. Analysis of transwell migration and
invasion showed that TGF-$1 and GAPLINC overexpression caused the accelerated migration (A) and invasion (B) of H23 and H522 cells. In addition, silencing of GAPLINC

siRNA attenuated the effect of TGF-BI| treatment (*p<0.05).

Discussion

Our study mainly investigated the functionality of
GAPLINC in NSCLC. We found GAPLINC was upregu-
lated in NSCLC and had prognostic values. In addition, we
found that GAPLINC was upregulated by TGF-1 to pro-
mote NSCLC cell migration and invasion.

Accurate prediction of cancer development is critical
for the survival of cancer patients but is also challenged
by the lack of sensitive markers. Several biomarkers,
such as serum SELDI proteomic patterns'? and glycans'*
have been developed to predict NSCLC. But the sensi-
tivity and specificity are not satisfactory and the com-
bined application of multiple biomarkers is limited. With
the advantages with non-invasiveness, circulating bio-
markers, such as tumor cells, miRNA, and IncRNAs in
blood, have been widely used in clinical practices.'*'®
LncRNA GAPLINC was discovered to be upregulated in

12 indicating onco-

gastric cancer and colorectal cancer,
genic roles. Our data also showed the upregulating of
GAPLINC in NSCLC. It confirmed that high level of

GAPLINC in NSCLC tissues was a potential prognostic

biomarker for NSCLC. Besides these efforts, more clin-
ical studies are needed to further test the accuracy of
plasma circulating GAPLINC
NSCLC.

TGF-p signaling participates in cancer biology through

in the prognosis of

many aspects.'” In most types of cancers, TGF-B exerts
tumor suppressive function during the early cancer devel-
opment stage by inhibiting cancer cell proliferation.
However, it promotes cancer metastasis during late stages
by elevating the ability of cancer cell migration and
invasion.'® Due to the fact that most NSCLC are diagnosed
at advanced stages, the inhibiting of TGF-B1 is a promising
method to inhibit cancer cell migration and invasion.'’
TGF-B may participate in cancer biology by regulating the
expression of certain IncRNAs.'*? In the present study, we
proved that GAPLINC was at the downstream of TGF-f
signaling, during the regulation of NSCLC cell migration
and invasion. It is widely known that GAPLINC regulates
SNAI2, PSF, and NONO in cancer biology.12 Therefore,
GAPLINC may be a mediator between TGF-B and those
downstream effectors.
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Conclusion

GAPLINC was overexpressed in NSCLC and regulated by
TGF-B1. The regulation of GAPLINC by TGF-B1 is
involved in the regulation of NSCLC cell migration and
invasion.

Ethical approval and informed
consent

All procedures performed in studies involving human par-
ticipants were in accordance with the 1964 Helsinki
declaration. Informed consent was obtained from all indi-
vidual participants included in the study.
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