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Abstract: Long noncoding RNAs (lncRNAs) have been illustrated as vital molecules in regulating human cancer 
by emerging evidence. LINC00163 is a novel lncRNA without functional definition. In this study, we investigated 
its role in the tumorigenesis of lung cancer. The results showed that LINC00163 level was significantly downregu-
lated in lung cancer tissues and cell lines by bioinformatics and qRT-PCR analyses. Notably, we observed that 
LINC00163 expression was lower in metastatic tissues than in non-metastatic cases. Furthermore, higher expres-
sion of LINC00163 in patients with lung cancer predicted better prognosis. Gain-of-function assays illustrated that 
upregulation of LINC00163 dramatically suppressed the proliferation, migration and invasion of lung cancer cells 
in vitro, whereas promoting apoptosis. Consistently, LINC00163 overexpression impaired tumor propagation in vivo. 
Mechanical study revealed that LINC00163 recruited ARID1A to the promoter of TCF21 and initiated its expression. 
In conclusion, we concluded that LINC00163/ARID1A/TCF21 regulatory loop modulated the development of lung 
cancer, providing a new insight on the mechanism underlying lung cancer progression.
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Introduction

Lung cancer is the second most popular tumor 
and remains the first leading risk for cancer-
related deaths in both females and males 
around the world [1]. In USA, every year there 
are about one million newly diagnosed patients 
with lung cancer and about 500,000 deaths 
caused by lung cancer [1]. Despite great 
improvement achieved in surgery, radiotherapy 
and chemotherapy, the five-year survival rate of 
lung cancer patients still remains rather low [2, 
3]. Especially, high rates of recurrence and 
metastasis increase the malignance of lung 
cancer [4]. Thus, it is urgent to understand the 
molecular mechanism of lung cancer and 
develop novel therapeutic strategies.

Long noncoding RNAs (lncRNAs) are character-
ized by no protein-coding ability and over 200 
nucleotides in length [5]. In the recent decade, 

emerging evidences have illustrated the vital 
regulatory functions of lncRNAs [6]. Many stud-
ies revealed that lncRNAs play crucial roles  
in cellular homeostasis, embryo development, 
immune system and tumorigenesis [7-10]. Now- 
adays, the importance of lncRNA in cancer has 
been widely acknowledged. For example, lnc- 
RNA MEG3 suppresses bladder cancer growth 
and metastasis through regulating EZH2 ubiq-
uitination [11]. LncRNA LOXL1-AS1 promotes 
CCND1 expression to increase the proliferation 
of prostate cancer cells by inhibiting miR-541-
3p [12]. LncRNA SOX2OT overexpression con-
tributes to metastasis of non-small-cell lung 
cancer (NSCLC) [13]. Additionally, lncRNA PRAL 
has been reported to serve as a diagnostic bio-
marker in NSCLC patients and regulate tumor 
metastasis [14]. Hence, lncRNAs possess an 
important therapeutic potential and their func-
tion requires to be investigated.

http://www.ajcr.us
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The role of LINC00163 has not been explored 
before. In our study, we focused to elucidate 
the potential functions of LINC00163 and illus-
trate its molecular mechanism. Our findings 
demonstrated that LINC00163 serves as a 
tumor suppressor in lung cancer by transcrip-
tionally increasing TCF21 expression.

Materials and methods

Tissue collection

59 lung cancer tissues (all patients were NS- 
CLC) and their corresponding adjacent normal 
tissues were obtained from Cancer Hospital, 
Chinese Academy of Medical Sciences and 
Peking Union Medical College. None of them 
received radiotherapy or chemotherapy before 
surgery. These samples were divided into two 
groups according to the expression value 
(median value) of LINC00163 or TCF21. This 
work was approved by the Ethics Committee of 
our hospital. And patients signed the informed 
consent.

Cell culture and transfection

Lung cancer cell lines (H1975, SPC-A1, A549, 
HCC827 and H1299) and the human immortal-
ized normal epithelial cell line (BEAS-2B) were 
from the Cell Bank of the Chinese Academy  
of Sciences (Shanghai, China). Cells were cul-
tured with RPMI-1640 medium (Thermo Fisher 
Scientific, Waltham, MA, USA) containing 10% 
fetal bovine serum (FBS, Thermo Fisher Sci- 
entific), 100 U/mL penicillin, and 100 mg/mL 
streptomycin (Thermo Fisher Scientific) at 37°C 
in a 5% CO2 atmosphere.

siRNAs against LINC00163 (5’-GCGAGUGCU- 
CGGAGAACAAGC-3’), ARID1a (5’-AGUUCUAGG- 
UUCAGUUGAAGU-3’) or TCF21 (5’-AGUGCAAUA- 
UGUAAUUAUAAA-3’) and negative control were 
from from Thermo Fisher Scientific. For LINC- 
00163 overexpression, LINC00163 sequence 
was constructed into pcDNA3 vector. siRNAs 
(50 nM) or pcDNA3-LINC00163 (1 μg) was 
transfected into cells using Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA) accord-
ing to the manufacturer’s instructions.

qRT-PCR

Total RNA was obtained from tissues or cell 
lines using Trizol reagent (Thermo Fisher Sci- 

entific) according to the manufacturer’s instruc-
tions. Reverse transcription was performed 
using DNA Reverse Transcription kit (Takara, 
Dalian, China). qRT-PCR was completed using 
SYBR Green Kit (Thermo Fisher Scientific) on 
ABI 7500 real-time polymerase chain reaction 
system. Relative expression was normalized to 
GAPDH and calculated based on the 2-ΔΔCt 
method.

Cell proliferation assays

2000 cells per well were seeded into 96-well 
plates (Corning Incorporated, Corning, NY, USA) 
and cultured for indicated days. Then cell prolif-
eration was measured using the Cell Counting 
Kit-8 (CCK-8) kit (MedChemExpress, Monmouth 
Junction, NJ, USA) according to the manufac-
turer’s instructions. 

For colony formation assay, 1000 cells were 
seeded into the 6-well plates and cultured for 
14 days. Then colonies were fixed with metha-
nol and stained with 0.5% crystal violet. Colony 
numbers were counted under a light micro-
scope (IX71, Olympus, Tokyo, Japan).

Transwell assay

Transwell assay were used to determine cell 
migration and invasion. In migration assay, 2 × 
104 cells in serum-free medium were seeded 
into the upper chamber (8 μm pore, Corning). 
The lower chamber was fixed with 600 μl 
serum-containing medium. After cultured for 2 
days, the migrated cell number in the lower 
chamber was fixed and with methanol and 
stained with 0.5% crystal violet. Then cell num-
ber was counted using a light microscope. For 
invasion assay, the upper chamber was pre-
coated with Matrigel and other steps were the 
same as migration assay.

Flow cytometric analysis of apoptosis

Apoptosis was determined using fluorescein 
isothiocyanate-Annexin V Apoptosis Detection 
Kit (BD Biosciences) according to the manufac-
turer’s instructions.

Chromatin isolation by RNA purification 
(CHiRP)

The probe for this assay was designed online 
(https://www.biosearchtech.com/). This experi-
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ment was carried out according to a previous 
study [8]. In brief, biotin-labeled anti-sense 
DNA probes for LINC00163 (#1: 5’-AACTG- 
GTCTGGATGCCACAG-3’; #2: 5’-AGCACAGTTG- 
GAGACATCAC-3’ and #3: 5’-GATTCTGTGGTG- 
TGTCGGTG-3’) were synthesized by Sangon 
(Shanghai, China). 1 × 106 Cells were crossed 
with 1% formaldehyde and quenched with 
0.125 M glycine buffer for 5 min. Then nuclei 
were lyzed using lysis buffer (50 mM Tris, pH 
7.0, 10 mM EDTA, 1% SDS, DTT, PMSF, prote-
ase inhibitor and RNase inhibitor). Genomes 
were sonicated three times into fragments 
300-500 bp in length. Then genome fragments 
were incubated with biotin-labeled probes  
and enriched using Streptavidin-magnetic C1 
beads. Finally, the precipitated DNA fragments 
were eluted from beads and analyzed by 
qRT-PCR.

RNA pulldown

Biotin-labeled LINC00163 and control RNAs 
were transcribed using biotin RNA labeling mix 
(Roche) in vitro. Then the cell lysates were incu-
bated with Biotin-labeled LINC00163 and con-
trol RNAs for 4 h at 4°C, followed by addition  
of Streptavidin-coupled Dynabeads (Thermo 
Fisher Scientific Logo). Then the precipitants 
were analyzed by western blotting.

Tumor xenografts in nude mice

4-weeks old female BALB/c nude mice were 
subcutaneously injected with 5 × 106 LINC- 
00163-stable-overexpressing or control A549 
cells in the flank. Tumor volume was measured 
every 4 days and tumor weight was determined 
at the endpoint. Tumor volume was calculated 
according to the formula: Volume = Length × 
Width2 × 0.5. This experiment was approved by 
the Ethics Committee of our hospital.

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was performed using an EZ ChIP Kit 
(Millipore, Bedford, MA) in accordance with the 
manufacturer’s instructions and described 
before [15].

RNA immunoprecipitation (RIP) assay

RIP assay was performed to detect the interac-
tion between LINC00163 and ARID1A accord-
ing to a previous study [15]. 

Statistical analysis

All statistical analysis was carried out using 
GraphPad Prism 6.0 software (GraphPad 
Software, Inc., La Jolla, CA, USA). Each experi-
ment was repeated three times. Results were 
displayed as mean ± SD. Statistically signifi-
cant differences were calculated using Stu- 
dent’s t-test or one-way analysis of variance. 
Survival analysis was completed using Kaplan-
Meier procedure, followed by the log-rank test. 
P<0.05 was defined statistically significant.

Results

LINC00163 level is downregulated in lung 
cancer

To explore how lncRNA regulates the develop-
ment of lung cancer, we analyzed differentially 
expressed lncRNAs in lung cancer tissues  
and normal control tissues by bioinformatics 
(http://lncrnator.ewha.ac.kr/index.htm). As sh- 
own, LINC00163 was a highly downregulated 
lncRNAs in lung cancer tissues compared to 
normal tissues according to the TCGA database 
(Figure 1A and 1B). To validate it, we analyzed 
the expression of LINC00163 in 59 pairs of 
lung cancer tissues and matched normal con-
trols. We observed a similar result that LINC- 
00163 level was significantly downregulated in 
lung cancer tissues (Figure 1C). Moreover, in 
metastatic lung cancer tissues, the expression 
of LINC00163 was lower (Figure 1D). Similarly, 
the expression of LINC00163 was still reduced 
in lung cancer cell lines (Figure 1E). We further 
divided these tissues into two groups based on 
LINC00163 median value. Kaplan-Meier meth-
od was used to plot the survival rate and 
revealed that LINC00163 downregulation in 
lung cancer patients indicated a poor progno-
sis (Figure 1F). Taken together, LINC00163 
downregulation might be involved in lung can-
cer development.

LINC00163 overexpression suppresses prolif-
eration, migration and invasion in lung cancer

To further investigate the function of LINC- 
00163, we overexpressed it in A549 and 
H1299 cells due to its lowest expression  
in these two cell lines. qRT-PCR results validat-
ed the successful transfection of pcDNA3-
LINC00163 in A549 and H1299 cells (Figure 
2A). CCK8 assay was further carried out to 
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Figure 1. LINC00163 level is downregulated in lung cancer. A. Expression heatmap of lncRNAs in lung cancer tissues (n=245) and normal tissues (n=46) accord-
ing to the TCGA database was presented. B. According to the TCGA database, LINC00163 level was significantly reduced in lung cancer tissues (n=245) compared 
to normal tissues (n=46). C. Total RNAs were extracted from 59 pairs of lung cancer and normal tissues. And LINC00163 level was analyzed using qRT-PCR. D. 
LINC00163 level was analyzed using qRT-PCR in metastatic (n=34) and non-metastatic (n=25) lung cancer tissues. E. Total RNAs were extracted from described 
cell lines and LINC00163 expression was determined by qRT-PCR. F. Survival rate analysis was determined according to LINC00163 median expression level in the 
59 lung cancer patients. *P<0.05, **P<0.01 and ***P<0.001.
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evaluate cell proliferation. Results indicated 
that LINC00163 overexpression markedly sup-
pressed the proliferation of A549 and H1299 
cells (Figure 2B and 2C), which was further vali-
dated by colony formation assay (Figure 2D). 
We have observed a negative correlation be- 
tween LINC00163 level and metastasis. Thus, 
we then conducted Transwell assay. The results 
showed that LINC00163 overexpression led to 
reduced numbers of migrated and invaded 
A549 and H1299 cells (Figure 2E and 2F), indi-
cating LINC00163 suppresses metastasis. 
Moreover, we knocked down LINC00163 in 
A549 and H1299 cells (Figure 2G), followed by 
CCK8, colony formation and transwell assasy. 
We found that LINC00163 silencing significant-
ly promoted proliferation, colony formation, 
migration and invasion of A549 and H1299 
cells (Figure 2H-L). In sum, our results demon-
strated that LINC00163 inhibits lung cancer 
cell growth, migration and invasion.

LINC00163 promotes lung cancer cell apopto-
sis and impairs tumor growth in vivo

Afterwards, the apoptosis of A549 and H1299 
were analyzed. Results showed that LINC00163 
upregulation significantly increased the apop-
totic cell rates (Figure 3A and 3B). Consistently, 
LINC00163 overexpression promoted the ex- 
pression of cleaved Caspase-3 (Figure 3C). 
Moreover, through in vivo xenograft assay using 
stably LINC01296-overexpressing A549 cells, 
we found that LINC00163 upregulation inhibit-
ed tumor volumes (Figure 3D) and decreased 
tumor weights (Figure 3E). Collectively, these 
data suggest that LINC00163 promotes apop-
tosis and prevent lung cancer growth in vivo.

LINC00163 promotes TCF21 expression

Then we sought to determine the mechanism 
of LINC00163. We analyzed the co-expressed 

mRNAs with LINC00163 according to the TCGA 
database. Results indicated that LINC00163 
was positively correlated with TCF21 in lung 
cancer tissues (Figure 4A). qRT-PCR also con-
firmed that LINC00163 expression was posi-
tively correlated with TCF21 expression in the 
59 lung cancer tissues (Figure 4B). Furthermore, 
through qRT-PCR and western blotting analysis, 
upregulation of LINC00163 promoted the 
expression of TCF21 in A549 and H1299 cells 
(Figure 4C and 4D), and vice versa (Figure 4E 
and 4F). Interestingly, the TCGA database re- 
vealed that TCF21 was downregulated in lung 
cancer tissues (Figure 4G). qRT-PCR analysis 
also indicated LINC00163 was reduced in lung 
cancer tissues (Figure 4H), suggesting TCF21 
might also suppress lung cancer development. 
Finally, analysis based on TCGA database and 
Kaplan-Meier method revealed that TCF21 
downregulation in lung cancer tissues corre-
lates with a poor prognosis (Figure 4I and 4J). 
These data demonstrated that LINC00163 pro-
motes TCF21 expression and TCF21 might also 
suppress lung cancer progression.

LINC00163 recruits ARID1A to initiate TCF21 
expression

In order to further explore how LINC00163 reg-
ulates TCF21 expression, we first analyzed the 
localization of LINC00163 in lung cancer cells. 
qRT-PCR results showed that LINC00163 was 
mainly located in the nucleus of A549 and 
H1299 cells (Figure 5A). Moreover, in LINC- 
00163 ectopically expressing A549 and H1299 
cells, LINC00163 was also mainly located in 
the nucleus (Figure 5B). A previous study has 
revealed that lncRNA could regulate gene ex- 
pression transcriptionally [16]. Thus, we specu-
lated LINC00163 might also utilize a similar 
mechanism to promote TCF21 expression. No- 
tably, CHIRP assay indicated that LINC00163 
could enrich on the promoter region of TCF21 

Figure 2. LINC00163 overexpression suppresses proliferation, migration and invasion in lung cancer. A. LINC00163 
was overexpressed in A549 and H1299 through transfection with pcDNA3-LINC00163. And the efficiency of 
LINC00163 overexpression was analyzed by qRT-PCR. B and C. A549 and H1299 cells were transfected with pcD-
NA3-LINC00163. And CCK8 assay was used to clarify cell proliferation at different time points including 1 day, 2 
days and 3 days. oeLINC00163 indicates overexpression of LINC00163. D. A549 and H1299 cells were transfected 
with pcDNA3-LINC00163. Colony formation assay was used to analyze cell proliferation. E and F. After transfection, 
images and quantification of cell migration and invasion of A549 and H1299 were determined by transwell assay. 
G. LINC00163 was knocked down in A549 and H1299 cells by transfection with si-LINC00163. The efficiency of 
knockdown was analyzed by qRT-PCR. siRNA-NC: siRNA negative control. H and I. After infection, CCK8 assay was 
used to analyze cell proliferation in A549 and H1299 cells. J. Colony formation assay indicated that LINC00163 
silencing increased colony number. K and L. Cell migration and invasion was determined by Transwell assay after 
LINC00163 silencing. *P<0.05 and **P<0.01.
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Figure 3. LINC00163 promotes lung cancer cell apoptosis and impairs tumor growth in vivo. A and B. LINC00163 overexpression gave rise to increased apoptotic 
A549 and H1299 cells. C. Western blotting was used to detect the expression of cleaved Caspase-3. D. Tumor volumes were plotted. E. Tumor weight was deter-
mined. LINC00163 overexpression suppressed the tumor weight. *P<0.05 and ***P<0.001.



LINC00163 upregulation suppresses lung cancer development

2501 Am J Cancer Res 2018;8(12):2494-2506

Figure 4. LINC00163 promotes TCF21 expression. A. A positive correlation between LINC00163 and TCF21 expression in lung cancer tissues according to TCGA 
database. B. qRT-PCR analysis showed that there was a positive correlation between LINC00163 and TCF21 expression in lung cancer tissues. C and D. After 
LINC00163 overexpression, the expression of TCF21 was analyzed by qRT-PCR and western blot in lung cancer cells. E and F. After transfection with si-LINC00163, 
the expression of TCF21 was determined by qRT-PCR and western blot in lung cancer cells. G. TCF21 expression was downregulated in lung cancer tissues according 
to TCGA database. H. TCF21 expression in lung cancer tissues and normal tissues was measured by qRT-PCR. I. Survival rate analysis based on TCF21 expression 
according to TCGA database. J. Higher TCF21 expression indicated higher survival rate by Kaplan-Meier analysis. ***P<0.001.
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Figure 5. LINC00163 recruits ARID1A to initiate TCF21 expression. A. The subcellular localization of LINC00163 in cytoplasm and nuclear was analyzed by qRT-PCR. 
B. The subcellular localization of LINC00163 in LINC00163-overexpressing A549 and H1299 cells was analyzed by qRT-PCR. C. Chromatin isolation by RNA purifica-
tion (ChIRP) assay using LINC00163 biotin probes showed that LINC00163 was enriched on the promoter of TCF21 in A549 cells. The biotin-labeled probes against 
LINC00163 were incubated with the ultrasonically treated cell lysates. Then the precipitated DNA fragment was isolated and analyzed by qPCR. D. RIP assay showed 
that LINC00163 interacts with ARID1A. E. The interaction between LINC00163and ARID1A in lung cancer was analyzed by RNA pulldown assay. A549 cell lysates 
were used. F. ChIP assay showed that ARID1A was enriched on the promoter of TCF21. G. ChIP assay showed that LINC00163 silencing inhibited the enrichment of 
ARID1A on TCF21 promoter. H. qRT-PCR analysis for TCF21 expression in described cells. **P<0.01.
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Figure 6. Knockdown of TCF21 rescues the proliferation, migration and invasion of lung cancer cells. A. After transfection with described plasmids, qRT-PCR was 
used to analyze TCF21 expression. B. Western blotting was utilized to test TCF21 expression in described cells. C. CCK8 assay was used to analyze cell proliferation 
in described cells. D. Colony formation assay was utilized to detect proliferation potential. E and F. Transwell assay was used to analyze cell migration and invasion. 
G. Apoptosis was determined after transfection with indicated plasmids in A549 and H1299 cells. H. Work model. LINC00163 recruits ARID1A to promote TCF21 
expression, leading to inhibition of lung cancer cell proliferation, migration and invasion. *P<0.05, **P<0.01 and ***P<0.001.
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promoter in A549 cells (Figure 5C). Through RIP 
and RNA pulldown assay, we found that 
LINC00163 interacted with the chromatin 
remodeler ARID1A (Figure 5D and 5E) [15], 
impelling us to guess that LINC00163 cooper-
ates with ARID1A to regulate TCF21 expres-
sion. Surprisingly, ChIP results indicated that 
ARID1A also enriched on the same region of 
TCF21 promoter as LINC00163 (Figure 5F). 
And LINC00163 silencing led to reduced enrich-
ment of ARID1A on TCF21 promoter (Figure 
5G). Moreover, knockdown of ARID1A also sig-
nificantly suppressed the expression of TCF21 
in lung cancer cells (Figure 5H). Taken together, 
above data suggest that LINC00163 interacts 
with ARID1A to initiate TCF21 expression in 
lung cancer.

Knockdown of TCF21 rescues the proliferation, 
migration and invasion of lung cancer cells

Finally, we sought to determine whether TCF21 
works downstream of LINC00163. We knocked 
down TCF21 in LINC00163-overexpressing 
A549 and H1299 cells to restore its level 
(Figure 6A and 6B). CCK8 and colony formation 
assays showed that LINC00163 overexpres-
sion suppressed lung cancer cell proliferation 
(Figure 6C and 6D). However, knockdown of 
TCF21 reversed the effect of LINC00163 over-
expression (Figure 6C and 6D). Similarly, Trans- 
well assay also demonstrated that LINC00163 
overexpression-induced inhibition of migration 
and invasion was reversed by TCF21 knock-
down (Figure 6E and 6F). Finally, we also 
observed that knockdown of TCF21 decreased 
the apoptotic A549 and H1299 cells (Figure 
6G). In sum, our results demonstrated that 
LINC00163 cooperates with ARID1A to initiate 
TCF21 expression and suppress lung cancer 
development (Figure 6H).

Discussion

In the past years, the important functions of 
lncRNAs in human cancer have drawn increas-
ing attentions [17]. In our study, we illustrated 
the function of LINC00163 in lung cancer. We 
showed that LINC00163 expression was signifi-
cantly downregulated in lung cancer tissues 
and cell lines. Moreover, LINC00163 expres-
sion was reversely correlated with lung cancer 
metastasis. Importantly, our results suggested 
that LINC00163 downregulation in lung cancer 
patients predicts poor prognosis. Functional 

results indicated that LINC00163 suppresses 
the proliferation, migration and invasion of lung 
cancer whereas promoting apoptosis. Thus,  
our research demonstrated the correlation 
between LINC00163 expression and lung can-
cer progression.

In lung cancer, numerous lncRNAs are reported 
to work as oncogenes or tumor suppressors 
[18, 19]. For example, lncRNA SNHG15 pro-
motes NSCLC cell proliferation and invasion 
through upregulating CDK14 expression [20]. 
LINC00707 is shown to enhance proliferation 
of lung adenocarcinoma cells via regulating 
Cdc42 expression [21]. In addition, lncRNA 
HOTAIR silencing increases the drug resistance 
of NSCLC cells by activating autophagy [22]. 
The functions of lncRNAs in lung cancer still 
remain further investigation. In our study, we 
found that many undefined lncRNAs were dif-
ferentially expressed in lung cancer tissues 
according to bioinformatics analysis. We fo- 
cused on the study of LINC00163 function. 
Through CCK8 and colony formation assay, we 
found that LINC00163 suppresses the prolifer-
ation of lung cancer cells. Transwell assay dem-
onstrated that LINC00163 ectopic expression 
inhibits the migration and invasion of lung can-
cer cells while promoting apoptosis in vitro. 
Additionally, in vivo assay also demonstrated 
that LINC00163 prevents lung cancer growth  
in nude mice. Therefore, we concluded that 
LINC00163 inhibits lung cancer tumorigenesis. 
We for the first time validated that LINC00163 
acts as a tumor suppressor in lung cancer.

Subsequently, we researched the target gene 
of LINC00163. We found that LINC00163 ex- 
pression was positively correlated with TCF21 
in lung cancer tissues. TCF21 is a transcription 
factor and reported to suppress progression of 
various cancers, including lung cancer [23]. For 
instance, upregulation of TCF21 inhibits the 
metastasis of esophageal squamous cell carci-
noma [24]. TCF21 also suppresses colorectal 
cancer development by inhibiting PI3K/AKT 
pathway [25, 26]. Additionally, downregulation 
of TCF21 predicts poor prognosis in clear cell 
renal cell carcinoma [27]. Nevertheless, the 
mechanism regulating TCF21 expression rema- 
ins poorly understood. In our work, we showed 
that LINC00163 promotes TCF21 expression 
transcriptionally. We demonstrated that LINC- 
00163 directly enriched on the promoter of 
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TCF21. Moreover, we demonstrated that LINC- 
00163 recruits ARID1A to TCF21 promoter. 
ARID1A is a chromatin remodeler and also 
reported to suppress progression of bladder 
cancer [19], breast cancer [28] and gastric can-
cer [29]. Our results showed that deposition of 
ARID1A by LINC00163 led to increased expres-
sion of TCF21 in lung cancer. Furthermore, in 
accordance with previous work [23], our study 
also indicated that TCF21 is downregulated in 
lung cancer and predicts poor prognosis. 
Finally, we performed rescue assays, we dem-
onstrated that TCF21 inhibition reversed the 
suppression of lung cancer cell proliferation, 
migration and invasion by LINC00163 over- 
expression. 

Taken together, the data in our study confirm 
that LINC00163 is downregulated in lung  
cancer and suppresses tumor progression 
through ARID1A-dependent TCF21 expression, 
indicating a valuable treatment strategy for 
lung cancer.
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