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Abstract: Paired-like homeodomain transcription factor 2 (PITX2) is well known to play an essential role in normal 
embryonic development. Emerging evidence suggests that PITX2 may be involved in human tumorigenesis, but 
the role of PITX2 in tumour progression remains largely unclear. The expression levels of PITX2 in lung cancer cells 
were determined by qRT-PCR and Western blot analyses. Gain- and loss-of-function experiments were conducted 
to investigate the biological roles of PITX2 in the phenotype of lung cancer cells. Immunofluorescence staining and 
transmission electron microscopy were used to observe autophagy. The expression level and clinical significance 
of PITX2 were determined in a Taiwanese cohort and the Gene Expression Omnibus (GEO) database, respectively. 
Here, we show that PITX2B is the most abundant isoform of the bicoid homeodomain family in lung cancer cells. 
The enforced expression of PITX2B promoted lung cancer tumorigenesis and progression in vitro and in vivo. The 
mechanistic analysis revealed that the nuclear localization of PITX2B is correlated with its oncogenic functions and 
two important nuclear localization signals. In addition, PITX2B knockdown in lung cancer cells caused a marked 
increase in autophagy and apoptosis, suggesting that PITX2B plays an important role in lung cancer cell survival. 
Moreover, a high expression of PITX2B was associated with a poor overall survival (P<0.05) in both Taiwanese non-
small-cell lung cancer patients and GEO lung cancer cohorts. These results provide new insight into the contribution 
of PITX2B to lung cancer progression, implicate PITX2B as an important component of cell survival signals and 
further establish PITX2B as a therapeutic target for lung cancer treatment.
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Introduction

Lung cancer is among the most common malig-
nancies worldwide and the leading cause of 
cancer-related death in many countries, includ-
ing Taiwan. Among all lung cancer cases, 85% 
are non-small-cell lung cancer (NSCLC) [1]. 
Over 75% of lung cancer patients are diag-
nosed at an advanced or metastatic stage par-
tially due to the lack of an effective screening 
platform for early detection [2]. Thus, only 
12-16% of lung cancer cases are detected 
early, and the overall five-year survival rate of 
lung cancer patients is only 19% in the United 

States of America [3, 4]. Because of the limita-
tions of the current screening techniques and 
the poor five-year survival rates, the develop-
ment of improved methods, such as specific 
and sensitive molecular biomarkers, for the 
early detection of lung cancer is urgently need-
ed. Recent studies have indicated that several 
genes, including paired-like homeodomain tran-
scription factor 2 (PITX2), show abnormal meth-
ylation levels in tumour tissue compared with 
adjacent nontumour lung tissue and can serve 
as DNA methylation markers for the early detec-
tion of lung cancer [5, 6].

http://www.ajcr.us
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PITX2B is a member of the bicoid homeodo-
main family and is critical for normal embryonic 
development in vertebrates [7]. PITX2B is re- 
quired for the morphogenesis of anterior struc-
tures, the establishment of left/right pattern-
ing, and the asymmetrical development of mul-
tiple organs, including the lungs [8]. Mutations 
in this gene are associated with the pathogen-
esis of Axenfeld-Rieger syndrome (ARS), which 
is an autosomal-dominant disorder predomi-
nantly affecting the eyes, teeth, and heart [9]. 
However, the possible mechanisms of action of 
PITX2 in human tumour progression have not 
been completely elucidated. The human PITX2 
gene is represented by four different splicing 
transcripts, namely, PITX2A, -B, -C, and -D [10, 
11]. Although the differential functions of the 
different PITX2 isoforms during organogenesis 
have been studied, the exact cellular functions 
of these PITX2 isoforms in tumorigenesis re- 
main elusive [12]. Recently, PITX2B was found 
to be overexpressed in ovarian, thyroid, colon, 
kidney, lung, and pituitary cancers and to con-
tribute to carcinogenesis by promoting tumour 
growth and/or suppressing apoptosis [13-18]. 
However, to date, the role of the PITX2 isoform 
PITX2B in lung carcinogenesis and progression 
remains unclear.

Chemotherapy is a critical strategy for control-
ling or curing lung cancer. Many attempts have 
been expanded to decrease resistance and 
improve therapeutic effectiveness. However, 
the effects of these therapies remain inade-
quate. Therefore, it is desirable to identify more 
appropriate therapeutic strategies for NSCLC. 
Recently, many emerging studies suggested 
that autophagy may be a novel therapeutic tar-
get in the treatment of cancer [19]. Autophagy 
is an evolutionarily conserved catabolic pro-
cess that participates in development and dif-
ferentiation and is essential for growth regula-
tion and the maintenance of homeostasis in 
various eukaryotes [20, 21]. Although autopha-
gy can be induced by ionizing radiation or 
chemical agents in many different tumour cell 
lines, this process seems to play a contradicto-
ry role in the regulation of cancer cell survival 
and death outcomes [22]. Therefore, appropri-
ate autophagy modifications that lead to apop-
tosis in tumour cells in response to genetic dys-
function or antitumour agents might improve 
the efficacy of chemotherapy.

In this study, for the first time, we demonstrate 
the biological functions of PITX2B, which is the 

most abundant isoform of the bicoid homeo 
domain family in human lung adenocarcinoma 
cells, and its association with clinical outcomes 
in NSCLC patients. We found that the overex-
pression of PITX2B could increase migration, 
invasion, and colony formation capabilities in 
vitro and tumorigenesis in vivo. The oncogenic 
functions of PITX2B were correlated with nucle-
ar PITX2B localization, and two critical nuclear 
localization signals (NLSs) were identified. Fur- 
thermore, a high expression level of PITX2B 
was correlated with reduced overall survival in 
NSCLC patients. Interestingly, the knockdown 
of PITX2B could potentially induce autophagy 
and apoptosis in lung adenocarcinoma cells. 
Our findings provide further insight into the 
therapeutic role of PITX2B in controlling lung 
cancer tumorigenesis.

Materials and methods

Cell culture and patient specimens

The cell lines CL1-5 and CL1-0 (in descending 
order of invasive ability; human lung adenocar-
cinoma cells) were established in our previous 
study [23]. RPMI 1640 or DMEM (Thermo 
Fisher Scientific, Inc., Carlsbad, CA, USA) sup-
plemented with 1% penicillin-streptomycin 
(Thermo Fisher Scientific) and 10% heat-inacti-
vated foetal bovine serum (FBS; Thermo Fisher 
Scientific) was used to culture all cell lines, 
including H1755 (ATCC CRL-5892), A549 (ATCC 
CCL-185), and H1299 (ATCC CRL-5803). The 
cells were maintained under standard culture 
conditions of 5% CO2 and 37°C in a humidified 
atmosphere incubator. Frozen specimens of 
lung cancer tissue from 98 early-stage NSCLC 
patients were collected for a reverse transcrip-
tion-polymerase chain reaction (RT-PCR) analy-
sis. All patients underwent surgical resection  
of NSCLC between December 1999 and March 
2009 at the Taichung Veterans General Hos- 
pital. Among the 98 specimens, 21 were squa-
mous cell carcinomas, and 77 were adenocar-
cinomas. The institutional review board of the 
hospital approved this study (IRB TCVGH No: 
CE14015). Written informed consent was ob- 
tained from all patients, and the postsurgical 
pathologic stage of each tumour was classified 
according to the international tumour-node-
metastasis (TNM) classification [24].

Plasmid construction and transfection

TRIzol reagent (Thermo Fisher Scientific) was 
used to isolate the total RNA from the CL1-5 
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cells for the PITX2B full-length cDNA identifica-
tion and cloning. SuperScript II reverse tran-
scriptase (Thermo Fisher Scientific) and oligo-
dT primers were used to reverse-transcribe 
first-strand cDNA products. The coding region 
of PITX2B was amplified by polymerase chain 
reaction (PCR) using the PITX2B-F primer 5’- 
CGGGATCCATGGAGACCAACTGCCGTAAAC- 
TGGTGT-3’, which introduced a BamHI site, and 
the PITX2B-R primer 5’-GCTCTAGACTCACGGG 
CCGGTCCACTGCATACTGGCAA-3’, which intro-
duced an XbaI site. Then, the amplified PCR 
product was cloned into a pcDNA3.1-V5-His 
TOPO vector (Thermo Fisher Scientific; pcDN- 
A3.1-PITX2B). To ensure the correction of the 
cDNA sequences, the cDNA was checked by 
sequencing. Stable CL1-0/PITX2B-overexpre- 
ssing or vector control cells were established 
for the cellular functional analysis. The CL1-0 
cells were transfected with the pcDNA3.1-
PITX2B or pcDNA3.1 plasmid, and then, stable 
cell clones were selected with Geneticin (G418; 
Merck, Darmstadt, Germany) as previously de- 
scribed [25]. In addition, EGFP-tagged PITX2B 
was subcloned into the pEGFP-C3 vector (Clon- 
tech, Laboratories, Inc., Mountain View, CA, 
USA). The NLS mutant constructs pEGFP-C3- 
PITX2B-R84P, pEGFP-C3-PITX2B-R137P, pc- 
DNA3.1-PITX2B-R84P, and pcDNA3.1-PITX2B-
R137P were generated by site-directed muta-
genesis, and the mutagenesis primers (the tar-
get site of mutagenesis is marked by an under-
line) were as follows: R84P, forward primer 5’- 
CGTCTAAGAAGAAGCCGCAAAGGCGGCAGC-3’ 
and reverse primer 5’-GCTGCCGCCTTTGCGG- 
CTTCTTCTTAGACG-3’, and R137P, forward prim-
er 5’-GGTTCAAGAATCGTCCGGCCAAATGGAGAA- 
AGAG-3’ and reverse primer 5’-CTCTTTCTCC- 
ATTTGGCCGGACGATTCTTGAACC-3’. The desir- 
ed mutations were confirmed by DNA sequenc-
ing. The pEGFP-LC3 plasmid was a gift from 
Karla Kirkegaard (Addgene plasmid #11546; 
http://n2t.net/addgene:11546; RRID: Addge- 
ne_11546). Approximately 2×105 cells per well 
were seeded for 24 h before the transfection. 
Lipofectamine reagent (Thermo Fisher Scien- 
tific) was used to transfect the plasmids into 
the tested cells according to the manufactur-
er’s protocols.

Real-time quantitative reverse transcription-
PCR (qRT-PCR)

TRIzol reagent (Thermo Fisher Scientific) was 
used to extract the total RNA from the cell lines 

or patient tissues. To quantify the expression of 
PITX2 in the clinical specimens, an ABI TaqMan 
qPCR assay (Hs04234067_g1, Thermo Fisher 
Scientific) was used, and TATA-box binding pro-
tein (TBP; Hs00427620_m1) was used for nor-
malization of gene expression. SYBR Green 
RT-PCR was performed to examine the PITX2B 
expression levels in the tested cell lines. The 
primer sets designed for various PITX2 iso-
forms were as follows: PITX2A, forward primer 
5’-GCGTGTGTGCAATTAGAGAAAG-3’ and reverse 
primer 5’-TTCCTCTGGAAAGTGGCCTC-3’; PITX- 
2B, forward primer 5’-GCAGCCAGCAGCAAGTT- 
CTT-3’ and reverse primer 5’-GCTGCTGGCTG- 
GTAAAGTGAG-3’; and PITX2C, forward primer 
5’-GAGGTGCACACCATCTCCGA-3’ and reverse 
primer 5’-GCTGCTGGCTGGTAAAGTGAG-3’. TBP 
was quantified as an internal control (GenBank 
X54993).

Western blot analysis

A Western blot analysis was performed to 
determine the protein expression levels of the 
target genes in various cell lines or after differ-
ent treatments. The procedures were carried 
out as previously described [25]. The primary 
antibodies against PITX2 (Santa Cruz Biotech- 
nology, Santa Cruz, CA, USA, sc-8748), LC3 
(Novus, Inc., Littleton, CO, NB100-2220), p62 
(Novus, Inc., Littleton, CO, USA, NBP1-48320), 
Beclin-1 (Novus, Inc., Littleton, CO, USA, NB- 
110-87318SS), Bcl-2 (Upstate Biotechnology, 
Lake Placid, NY, USA, 05-826), Caspase 3 
(Chemicon, CA, USA, AB1899) and PARP (Cell 
Signalling Technology, Danvers, MA, USA, 95- 
42) were diluted from 1:1,000 to 1:3,000. The 
anti-V5 antibody was purchased from Thermo 
Fisher Scientific, Inc. (R960-25, Carlsbad, CA, 
USA), and β-tubulin (Upstate Biotechnology, 
Lake Placid, NY, USA, 05-661) was used as an 
internal control. The membranes were incubat-
ed overnight with the primary antibodies. Sub- 
sequently, the blots were washed and incubat-
ed with a horseradish peroxidase (HRP)-con- 
jugated secondary antibody (Santa Cruz Biote- 
chnology, Santa Cruz, CA, USA). The blots were 
detected using an enhanced chemiluminescen- 
ce system (ECL, GE Healthcare, Piscataway, NJ, 
USA).

Migration and invasion assays

The migratory capability of the PITX2B trans-
fectants or mock control transfectants was 
evaluated using wound healing assays [25]. 
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The number of cells that migrated into the cell-
free zone was counted. The invasiveness of the 
CL1-0 cells transfected with the vector alone  
or PITX2B expression plasmid was evaluated 
using Transwell chambers and Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA)-coated 
Transwell filters (8-μm pore size; Corning Cos- 
tar, Cambridge, MA, USA) [25]. The cells that 
migrated to the lower surface of the polycar-
bonate filter were fixed, stained, and counted 
under a light microscope. All experiments were 
performed three times in triplicate.

Clonogenic assay and in vivo tumorigenesis 
assay

For the anchorage-dependent colony formation 
assay, 500 cells were resuspended in DMEM 
and seeded in six-well plates for one week. For 
the anchorage-independent colony formation 
assay, 500 cells were seeded and treated 
according to previously described procedures 
[25]. The experiments were performed three 
times in duplicate. For the animal study, six-
week-old nude mice were purchased from the 
National Laboratory Animal Center of Taiwan 
and used as xenograft tumour models. All ani-
mals were housed in a specific pathogen-free 
(SPF) environment, and the Institutional Animal 
Care and Use Committee of National Chung 
Hsing University approved all in vivo experi-
ments. For the in vivo tumorigenesis assay,  
to avoid individual clonal differences, 3×106 

pooled PITX2B transfectants (PITX2B-Mix) or 
mock control transfectants were injected sub-
cutaneously into the dorsal region of the nude 
mice. The body weights and tumour sizes were 
recorded twice weekly, and the mice were 
observed regularly. The mice were sacrificed  
at 50 days, and the tumours were removed, 
weighed, and imaged. Callipers were used to 
measure the length and width of the tumour 
samples. The following formula was used to  
calculate the tumour volume (TV): TV (mm3) = 
(length × width2) ×0.5.

Cell viability and autophagy evaluation

To study the effect of a decreased PITX2B 
expression on cell viability and autophagy, a 
gene silencing strategy was employed in this 
study. For the small interfering RNA (siRNA) 
transient transfection, 2 sets of desalted  
siRNA duplexes, 5’-CCAGGCTATTCCTACAACA-3’ 
and 5’-ACTCCTCCGTATGTTTATA-3’, were synthe-

sized (Qiagen, Hilden, Germany) and annealed 
according to the manufacturer’s instructions. 
RNAiFect Transfection Reagent (Qiagen, Hilden, 
Germany) was used to perform the PITX2-
specific and scrambled control siRNA transfec-
tion. Western blot and real-time RT-PCR analy-
ses were used to examine the efficacy of the 
siRNAs. The cell viability was determined by 
counting CL1-5 cells and PITX2-specific or 
scrambled siRNA-transfected cells (seeded at 
1×105 cells/well in 6-well plates) for 3 days 
after the siRNA transfection using a trypan blue 
staining protocol. The experiments were per-
formed three times in duplicate. In addition, to 
confirm the effects of PITX2B on the viability of 
the CL1-5 cells, two PITX2-specific short hairpin 
RNAs (shRNAs) designated pLKO.1-shPITX2-G1 
(TRCN0000235580) and pLKO.1-shPITX2-B2 
(TRCN0000235581) and lacZ control shRNA 
(pLKO.1-shLacZ, TRCN0000072224) lentiviral 
vectors were obtained from the National RNAi 
Core Facility (Academia Sinica, Taiwan). The 
CL1-5 cells were infected with lentivirus in 
medium containing polybrene (8 μg/ml). After 
infection for 24 h, the cells were treated with 
2.5 μg/ml puromycin for 3-7 days. For the 
autophagy inhibitor treatment experiment, the 
tested cells were treated with 100 μM NH4Cl 
after the siRNA transfection for 24 h.

Transmission electron microscopy (TEM)

After the CL1-5 cells were transfected with 
PITX2-specific or scramble siRNA for 48 h, the 
cells were washed and collected by centrifuga-
tion. The cells were fixed in ice-cold 4% parafor-
maldehyde and 2.5% glutaraldehyde, postfixed 
in 1% osmium tetroxide, dehydrated with etha-
nol (30%-100%), and then embedded in Spurr’s 
resin for sectioning. Ultrathin sections (70 nm) 
were prepared, double stained with lead citrate 
and uranyl acetate and examined under a JEM-
1400 transmission electron microscope (JEOL, 
USA).

Immunofluorescence staining

The BEAS2B-EGFP-LC3 cells were gifts from 
Prof Jeng Jer Shieh at the Institute of Biomedi- 
cal Sciences, National Chung Hsing University, 
Taichung, Taiwan. The BEAS2B-EGFP-LC3 ce- 
lls were seeded on glass coverslips. After the 
transfection with PITX2-specific or scramble 
siRNAs, the cells were fixed with 4% parafor-
maldehyde and washed with PBS; then, the 
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EGFP-LC3 puncta were examined under a fluo-
rescence microscope (Olympus BX51, Olympus 
Co., Tokyo, Japan). For the cellular PITX2B local-
ization analysis, EGFP-PITX2B or NLS mutant 
construct-transfected cells cultured on 12-mm 
glass coverslips were fixed with 4% parafor- 
maldehyde, permeabilized, and then stained. 
F-actin filaments were stained with TRITC-con- 
jugated phalloidin, and 4’,6-diamino-2-phenyl-
indole (DAPI) was used to counterstain the cel-
lular nuclei. Images were acquired under a fluo-
rescence microscope (Olympus BX51). The  
contrast, colour balance, final image size, and 
brightness were adjusted using Adobe Pho- 
toshop CS2.

Survival analyses using gene expression and 
clinical data

To evaluate the effect of the PITX2 expression 
levels on clinical prognosis, six published mi- 
croarray datasets comprising 982 lung cancer 
patients were collected from the Gene Expre- 
ssion Omnibus (GEO) database under acces-
sion numbers GSE30219 [26], GSE37745 [27-
29], GSE29013 [30], GSE31210 [31, 32], 
GSE50081 [33], and GSE31546. The clinical 
data were obtained from the GEO Series Ma- 
trix files. The pathologic stage of each sample 
was checked according to the international 
TNM classification [24]. To reduce variation am- 
ong the microarrays, a quantile normalization 
method [34] was used to rescale the intensity 
values of the samples in each microarray. 
Subsequently, each intensity value was log-
transformed to a base-2 scale. Then, the early-
stage NSCLC samples (stage I + stage II; n= 
736) were extracted from the original speci-
mens for the survival analysis. Furthermore, 
the PITX2 expression levels obtained from re- 
cruited Taiwanese patients with early-stage 
NSCLC (stage I + stage II; n=98) were employed 
to assess the clinical outcome. The patients 
were stratified into high and low PITX2 expres-
sion groups. The log-rank test was performed 
to evaluate the difference between the two 
groups, and the Kaplan-Meier method was us- 
ed to assess overall survival. The independent 
prognostic factors were evaluated using a mul-
tivariate Cox proportional hazards regression 
analysis, and age and sex were used as covari-
ates. All analyses were performed using SAS 
version 9.1 software (SAS Institute, Cary, NC, 
USA).

Statistical analysis

The significant differences in all in vitro experi-
ments were determined using an ANOVA (Excel, 
Microsoft). All statistical tests were two-tailed, 
and P<0.05 was considered statistically signifi-
cant. Where appropriate, the data are present-
ed as the mean ± SD.

Results

Expression pattern and impact of PITX2B on 
lung cancer cell morphology

Although the functional roles of PITX2 during 
embryogenesis have been extensively studied, 
the role of PITX2 isoforms in human lung can-
cer is barely understood. There are three major 
PITX2 isoforms with intact homeodomains in 
the human genome [35]. Here, we first identi-
fied the dominant PITX2 isoform in human lung 
cancer cells by using qRT-PCR. We found that 
the mRNA level of PITX2B was significantly 
increased in two human lung adenocarcinoma 
cell lines, namely, CL1-5 and CL1-0 (Figure 1A). 
In contrast, the PITX2 isoforms PITX2A and 
PITX2C, which were previously studied in great 
detail, were rarely expressed in our tested cells. 
We established a series of human lung adeno-
carcinoma cell lines with various invasive capa-
bilities in our previous studies [25, 36]. In these 
cell lines, the mRNA expression of PITX2B in 
the less invasive CL1-0 cells was lower than 
that in the highly invasive CL1-5 cells. Thus, the 
expression of PITX2B seems to be positively 
associated with the cell invasive ability. Then, 
we detected the expression of PITX2B in other 
lung cancer cell lines, including A549, H1755, 
and H1299. A high expression of PITX2B was 
observed in these tested lung cancer cells, 
except for the CL1-0 cells, in which PITX2B was 
expressed at lower levels (Figure 1B). CL1-0 
cell clones with stable constitutive PITX2B 
expression were established to elucidate the 
effects of PITX2B expression on lung cancer 
progression. qRT-PCR and Western blot analy-
ses were used to determine the mRNA and pro-
tein expression levels of PITX2B in these stable 
cell lines (Figure 1C and 1D). The PITX2B trans-
fectants expressed higher levels of the PITX2B 
protein and mRNA than the mock control ce- 
lls (Mock). One mixed clone (PITX2B-Mix) and 
three single clones (PITX2B-3, -5, and -7) that 
stably expressed PITX2B were isolated for fur-
ther studies. Furthermore, after the PITX2B 
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transfection, the morphology of the CL1-0 cells 
changed from a rounded, cobblestone appear-
ance and reverted to a spindle-like shape 
(Figure 1E).

PITX2B promotes lung cancer progression

Given that an increased PITX2B expression 
was positively associated with cell invasive ca- 
pabilities and mesenchymal morphology, we 
investigated whether PITX2B plays a role in pro-
moting migration and invasion in lung cancer 
cells. The migration ability of the PITX2B trans-
fectants was markedly increased compared wi- 

th that of the mock transfectants (Mock) in the 
wound healing assay (Figure 2A). In addition,  
in the Transwell invasion assay, we found that 
the PITX2B transfectants exhibited significant- 
ly higher invasive capabilities than the mock 
transfectants (Figure 2B). Previous studies 
have suggested that PITX2 could play some 
roles in cancer cell proliferation and growth 
[13, 16]; thus, we performed an in vitro anchor-
age-dependent assay to evaluate the effect of 
PITX2 on lung cancer cell growth. As shown in 
Figure 2C, the colony formation ability of the 
PITX2B transfectants was significantly incre- 
ased from 2.5- to 4.7-fold compared with that 

Figure 1. PITX2B is the dominant isoform in lung cancer cells and can change the cell morphology. A. mRNA expres-
sion levels of different PITX2 isoforms in lung cancer cell models as assessed by real-time quantitative RT-PCR. 
The invasive ability of CL1-0 cells is lower than that of CL1-5 cells. B. PITX2B mRNA levels in different lung cancer 
cells as measured by real-time quantitative RT-PCR. All experiments were performed three times in triplicate. C. 
PITX2B mRNA expression in transfected cells with constitutive PITX2B expression as measured by quantitative RT-
PCR. PITX2B-3, -5, and -7: single-cell clones; PITX2B-Mix: mixed-cell clones; Mock: vector transfectant. TATA-binding 
protein (TBP) was used as an internal control. D. PITX2B protein expression in the transfectants was determined by 
a Western blot analysis with an anti-V5 antibody. β-Tubulin served as a loading control. E. Cell morphology images 
of PITX2B transfectants and mock stable transfectants. PITX2B transfectants exhibit spindle-like shapes, whereas 
mock transfectants exhibit a rounded morphology.
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of the mock transfectants. To determine wheth-
er the overexpression of PITX2B could also 
enhance tumour growth ability in vivo, the 
PITX2B-Mix clone and mock control cells were 
inoculated subcutaneously into nude mice. 
After 50 days, we observed that the PITX2B-
Mix clone resulted in 3.4- and 2.2-fold increas-
es in the tumour weight and volume, respec-
tively, compared with the mock control cells 
(Figure 2D and 2E; P<0.05, n=7 in both gr- 

oups). Taken together, these results suggest 
that PITX2 expression can promote cancer cell 
migration, invasion, and growth in vitro and 
tumorigenesis in vivo.

NLS is important for PITX2B oncogenic func-
tion in lung cancer cells

A previous study demonstrated that the tran-
scriptional activity of PITX2 may regulate the 

Figure 2. PITX2B overexpression enhances lung cancer 
cell migration, invasion, colony formation and tumorigen-
esis. (A) The cell migration ability of the PITX2B transfec-
tants was assessed by a scratch wound healing assay. The 
number of cells that migrated into the cell-free zone was 
evaluated 8 h after wounding. (B) The invasiveness of the 
PITX2B transfectants and mock transfectants was evalu-
ated by Transwell assays. (C) Anchorage-dependent colony 
formation assay of PITX2B transfectants and mock trans-
fectants. The above mentioned data are presented as the 
mean ± SD of three independent experiments. *P<0.05 
compared with the mock group. Nude mice were subcuta-
neously injected with PITX2B-Mix or mock cells (n=7 mice 
per group). PITX2B-Mix cells increased the xenograft tu-
mour weight (D) and volume (E) at the indicated times. 
*P<0.05 compared with the mock group.
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expression of downstream target genes and 
then affect cell functions, including cell shape, 
migration, and proliferation [12]. To further in- 
vestigate whether the different cellular localiza-
tions of PITX2B could affect its function, as 
demonstrated above, we analysed the possible 
NLS in the PITX2B protein by PredictNLS online 
software (https://www.rostlab.org/owiki/index.
php/PredictNLS). Two NLSs were identified in 
the PITX2B protein, and a site-directed muta-
genesis assay was performed to construct sin-
gle or double NLS mutant PITX2B expression 
vectors. Subsequently, we examined the total 
protein levels in the transfected cells using a 
Western blot analysis. The results showed that 
mutating both NLSs did not affect the total 

PITX2 expression levels (Figure 3A). In addition, 
the mutation status of the NLSs in the PITX2B 
protein did not change the cellular morphology 
compared with that of the mock control cells 
(Figure 3B). As expected, the PITX2B protein 
was predominantly localized in the nucleus of 
the wild-type PITX2B-EGFP-expressing cells. 
However, in the single NLS mutant construct-
expressing cells (expressing PITX2B-R84P or 
PITX2B-R137P), the PITX2B protein could sh- 
uttle between the nucleus and cytoplasm. 
Furthermore, mutation in both NLSs resulted  
in markedly increased cytoplasmic localiza- 
tion and decreased nuclear expression of the 
PITX2B protein (Figure 3C and 3D). Then, we 
determined whether these two NLSs of PITX2B 

Figure 3. Critical nuclear localization signals (NLSs) of PITX2B were identified. A. The expression level of PITX2B in 
NLS mutant cell clones was determined by a Western blot analysis. PITX2B-mut-17 and -23: single-cell clones with 
double NLS mutations; PITX2B-mut-Mix: mixed-cell clones with double NLS mutations. β-Tubulin served as a loading 
control. B. Cell morphology images of PITX2B NLS mutant and mock stable transfectants. Regardless of whether 
the NLS of PITX2B was mutated, the cell morphology was unchanged. C. Fluorescent images showing the cellular 
localization of PITX2B-EGFP containing the wild-type or mutant NLS. The cell nuclei were counterstained with DAPI. 
The image magnification is 1,000×. D. The percentages of PITX2B-EGFP-expressing cells based on the cellular lo-
calization of PITX2B-EGFP containing the wild-type or mutant NLS were calculated and are presented as the mean 
± SD of three independent experiments.
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were important for its function. Our results 
show that mutating the NLSs of the PITX2B  
protein significantly decreased its oncogenic 
effects on migration, invasion, and anchorage-
dependent and anchorage-independent colony 
formation capabilities in cancer cells (Figure 4). 
Our data suggest that these two NLSs are criti-
cal for PITX2B oncogenic function in lung can-
cer cells.

PITX2B knockdown induces autophagy in lung 
cancer cells

To evaluate the functional effect of the reduced 
PITX2B expression in lung cancer cells, we first 
examined the endogenous mRNA and protein 
expression levels of PITX2B in CL1-5 cells with 
high PITX2B expression after PITX2-specific or 

scramble siRNA transfection by qRT-PCR and 
Western blot analyses, respectively. As shown 
in Figure 5A, the PITX2-specific siRNA signifi-
cantly reduced the mRNA expression level of 
PITX2B by 65%. In addition, the PITX2-specific 
siRNA efficiently decreased the endogenous 
protein expression levels compared with the 
scramble control siRNA (Figure 5B). To investi-
gate the potential effects of PITX2B knockdown 
on cancer cell growth, CL1-5 cells were trans-
fected with PITX2-specific or scramble siRNA, 
and a trypan blue exclusion assay was used to 
examine the cell viability. We found that the 
PITX2-specific siRNA significantly decreased 
the cell numbers compared with the scramble 
control 24 h post transfection. Interestingly, 
after 72 h of incubation, the viability of the 
PITX2B-knockdown CL1-5 cells was further 

Figure 4. Nuclear localization signals (NLSs) are important for the oncogenic functions of PITX2B in lung cancer 
cells. A. The migration ability of PITX2B NLS mutant and mock transfectants was assessed by a scratch wound 
healing assay. B. The invasiveness of the PITX2B NLS mutant and mock transfectants was evaluated by Transwell 
assays. C. Anchorage-dependent colony formation assay of PITX2B NLS mutant and mock transfectants. D. The 
anchorage-independent colony formation of the PITX2B NLS mutant and mock transfectants was examined by a 
soft agar assay. All results are presented as the mean ± SD of three independent experiments. *P<0.05 compared 
with the mock group. **P<0.05 compared with the PITX2B-Mix group.
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reduced to 19.8% of that of the scramble con-
trol cells (Figure 5C).

The morphological observation further revealed 
that the PITX2B knockdown decreased the cell 

Figure 5. PITX2B knockdown induces autophagy in lung cancer cells. The silencing efficacy of the PITX2-specific 
siRNA was determined by (A) real-time quantitative RT-PCR and (B) a Western blot analysis using an anti-PITX2 
antibody. β-Tubulin served as a loading control. (C) The viability of CL1-5 cells transfected with scramble siRNA 
(scramble) or PITX2-specific siRNA was evaluated by trypan blue exclusion assays at the indicated time. *P<0.05 
compared with the scramble siRNA control. The data are presented as the mean ± SD of three independent experi-
ments. (D) Morphological changes (black arrowheads) were observed after PITX2B knockdown for 48 h in CL1-5 
and A549 cells by inverted microscopy. (E) CL1-5 cells were transiently transfected with scramble siRNA (a, b) or 
PITX2-specific siRNAs (c-f) for 48 h, and then, the formation of autophagosomes in these cells was observed by TEM 
(a-d: magnification, ×5,000; scale bars, 2 μm. e and f: magnification, ×15,000; scale bars, 1 μm). (F) BEAS2B-EGFP-
LC3 cells were transiently transfected with scramble or PITX2-specific siRNA for 48 h, and then, GFP-LC3 puncta 
(white arrowheads) were observed under a fluorescence microscope. The cells were fixed and stained with TRITC-
phalloidin to visualize F-actin (red).
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density (data not shown). Interestingly, we 
observed many vacuoles in the cytoplasm of 
the PITX2B-knockdown CL1-5 and A549 cells 
as shown in Figure 5D, which prompted us to 
investigate whether the PITX2B knockdown 
could induce autophagy in lung cancer cells. 
TEM was used to observe the formation of 
autophagosomes in PITX2B-knockdown cells. 
The images are shown in Figure 5E. Only a few 
vacuoles were observed in the scramble con-
trol cells (Figure 5Ea, 5Eb); however, the knock-
down of PITX2B resulted in the accumulation  
of autophagic vacuoles (Figure 5Ec-f), which 
exhibited autophagosomal and/or autolyso-
somal characteristics. In addition, to monitor 
autophagosome formation, we transiently tr- 
ansfected PITX2-specific or scramble siRNA 

into BEAS2B-EGFP-LC3 cells and obtained fluo-
rescence images after 48 h. The results showed 
that the number of GFP-LC3 punctate dots per 
cell was increased after the PITX2B knockdown 
(Figure 5F).

Autophagy and cell death induction in PITX2B-
knockdown lung cancer cells

Previous studies have demonstrated that 
autophagy plays dual roles in cell survival and 
cell death [22]; therefore, we investigated the 
role of autophagy in PITX2B-knockdown lung 
cancer cells. To show that the PITX2B knock-
down induced late-stage autophagy, we first 
introduced NH4Cl, which is a well-known lyso-
somal inhibitor that blocks lysosomal protein 

Figure 6. Autophagy and apoptotic cell death induction in PITX2B-knockdown lung cancer cells. A. CL1-5 cells were 
treated with 100 μM NH4Cl after transfection with scramble or PITX2-specific siRNA for 24 h. Morphological changes 
(black arrowheads) were observed by inverted microscopy. NH4Cl decreased the autophagy induced by PITX2B 
knockdown. B. The viability of CL1-5 cells transfected with scramble or PITX2-specific siRNA followed by NH4Cl 
treatment was evaluated by trypan blue exclusion assays at the indicated time points. *P<0.05 compared with 
the scramble control. The data are presented as the mean ± SD of three independent experiments. C. The mRNA 
expression level of PITX2B in CL1-5 cells transfected with scramble or PITX2-specific siRNA followed by NH4Cl treat-
ment was measured by real-time quantitative RT-PCR. D. Western blot analysis was carried out to detect the LC3, 
p62, and Beclin-1 protein levels after PITX2-specific or scramble shRNA transfection. Blots were re-probed with anti-
β-tubulin as a loading control. E. Protein lysates of CL1-5 cells transfected with scramble or PITX2-specific shRNAs 
were harvested. The protein expression levels were measured by a Western blot analysis using antibodies against 
Bcl-2, Caspase-3, and PARP. β-Tubulin served as a loading control.
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degradation [37]. The results showed that the 
numbers of acidic vesicles were obviously in- 
creased in the PITX2B-knockdown group, whe- 
reas this effect was inhibited by the NH4Cl 
treatment (Figure 6A). After the NH4Cl treat-
ment, the reduced viability of the PITX2B-
knockdown cells was restored to a level al- 
most equal to that of the scramble control cells 
(Figure 6B). These results indicate that autoph-
agy induced by PITX2B knockdown could lead 
to cell death in lung cancer cells and that this 
effect could be reversed by lysosomal inhibitor 
treatment.

To rule out the possibility that the increased 
cell viability was due to changes in the expres-
sion levels of PITX2B induced by the NH4Cl 
treatment, we examined the PITX2B mRNA 
expression levels after the NH4Cl treatment. 
The results showed that the PITX2B mRNA 
expression level was unchanged in PITX2B-
knockdown cells with or without the NH4Cl 
treatment (Figure 6C). The autophagy-specific 
markers Beclin-1, p62 and LC3 were used to 
examine the autophagic flux and autophagic 
levels by a Western blot analysis. The observed 
increased conversion of LC3-I/II, the downregu-
lation of p62 expression and the upregulation 
of Beclin-1 expression demonstrated an incre- 
ased formation of autophagosomes after the 
PITX2B knockdown (Figure 6D). To further con-
firm that cell death induced by PITX2B knock-
down is related to apoptosis, the expression 
levels of apoptosis-related proteins, including 
caspase-3, Bcl-2, and PARP, were examined by 
a Western blot analysis. The results showed 
that compared with scramble control cells, the 
PITX2B knockdown increased the cleaved cas-
pase-3 and PARP levels but decreased the lev-
els of the antiapoptotic protein Bcl-2 in the 
PITX2B-knockdown cells (Figure 6E). Collec- 
tively, these results demonstrate that PITX2B 
knockdown in lung cancer cells could induce 
autophagy and ultimately cause tumour cell 
death.

PITX2 expression is associated with the clinical 
outcomes of early-stage NSCLC patients

Although our results suggest that PITX2B plays 
oncogenic roles in vivo and in vitro, such data 
may not fully reflect clinical malignancy. We 
extended our analysis by examining the PITX2B 
expression levels in tumour specimens from 98 

and 736 patients with early-stage NSCLC in a 
Taiwanese cohort and GEO datasets, respec-
tively. The clinical characteristics of the pa- 
tients are summarized in Supplementary Table 
1. The survival analyses of 736 patients with 
stage I and II NSCLC indicated that the patients 
with high PITX2 expression levels showed a 
reduced overall survival (P=0.003, Figure 7A). 
Moreover, the analysis of 568 patients with 
stage I NSCLC revealed that the patients with a 
high expression of PITX2 were associated with 
a reduced overall survival (P=0.002, Figure 
7B). Furthermore, the analyses of the 98 Tai 
wanese patients with early-stage NSCLC con-
sistently showed that the patients with a high 
expression of PITX2 exhibited a significantly 
reduced overall survival time (stage I and II, 
P=0.039, Figure 7C; stage I, P=0.017, Figure 
7D, respectively). Similarly, a high gene expres-
sion level of PITX2 predicted a poor clinical out-
come in Taiwanese patients with early-stage 
lung adenocarcinoma (stage I and II, P=0.041, 
Figure 7E; stage I, P=0.003, Figure 7F). A mul-
tivariate Cox proportional hazards regression 
analysis with the covariates sex and age was 
used to assess the independent prognostic 
factors in the recruited cohort (n=98) and the 
published cohort (n=736). After considering the 
effects of the covariates, all hazard ratios of 
the PITX2 expression level were still significant 
(Table 1). These results show that PITX2 could 
play an oncogenic role in the clinical prognosis 
of patients with early-stage NSCLC.

Discussion

Tumour progression is a multistage process 
that renders cancer a more aggressive and 
malignant phenotype. A higher tumour grade 
indicates a more advanced status character-
ized by higher invasiveness and cell prolifera-
tion capabilities [38]. A recent report suggest-
ed that PITX2 could enhance lung adenocarci-
noma progression; however, the data did not 
clarify which isoform of PITX2 was explored 
[17]. In this study, we first identified PITX2B as 
the major isoform of PITX2 in human lung ade-
nocarcinoma cells. The expression of PITX2B 
was positively correlated with not only cancer 
cell invasiveness but also a poor outcome in 
early-stage NSCLC patients. Given the impor-
tant role of PITX2B in NSCLC cell invasiveness 
and clinical outcomes, we focused on the func-
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Figure 7. Kaplan-Meier estimates of the overall survival of patients with early-stage NSCLC according to the PITX2 
expression level. Overall survival curves were generated based on the PITX2 expression level as measured by pub-
lished NSCLC microarray data and RT-PCR. For the published microarray datasets, the overall survival curves of (A) 
736 patients with stage I and II NSCLC and (B) 568 patients with stage I disease are shown. In the independent 
Taiwanese cohort, the overall survival curves of (C) 98 patients with stage I and II NSCLC and (D) 80 patients with 
stage I disease are shown. The overall survival curves of (E) 77 Taiwanese patients with stage I and II lung adeno-
carcinoma and (F) 64 patients in this cohort who had stage I disease are also shown. The survival curves were 
estimated by the Kaplan-Meier method, and statistical significance was evaluated by the log-rank test. P-values less 
than 0.05 were considered statistically significant.
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tional roles of PITX2B in lung adenocarcinoma 
cells, which have not been reported thus far. 
Both the in vitro and in vivo studies revealed 
that PITX2B promotes cancer cell migration, 
invasion, colony formation ability and tumour 
growth in a tumour xenograft mouse model. 
These results are consistent with previously 
published reports showing that PITX2 could 
promote carcinogenesis in ovarian and thyroid 
cancer [13, 16]. However, this study is the first 
to demonstrate that PITX2B can contribute to 
lung cancer progression. In addition, our study 
shows that the expression levels of PITX2B 
were increased in lung cancer, particularly in 
highly invasive cells, indicating that PITX2B 
may play a critical role in driving aggressive 
phenotypes in lung cancer. Several genes or 
molecules have been suggested to be involv- 
ed in PITX2-mediated tumour progression. For 
example, genes associated with the Wnt/beta-
Catenin signalling pathway have been discov-
ered in breast, thyroid, and lung cancers [17, 
39, 40]. In addition, miR-21 and miR-644a 

have been found to regulate the expression lev-
els of PITX2 in pituitary adenoma and oesopha-
geal squamous cell carcinoma cells, respec-
tively [41, 42]. However, the molecular mecha-
nisms underlying PITX2B expression and func-
tions in lung cancer need to be further investi-
gated in the future.

Our analysis shows that a higher PITX2B  
mRNA expression is associated with a shorter 
overall survival in early-stage NSCLC patients, 
including both stage I patients from a Taiwane- 
se cohort and published GEO datasets. More 
importantly, PITX2B expression also predicted 
a poor clinical outcome in Taiwanese patients 
with early-stage lung adenocarcinoma. Beca- 
use many distinct characteristics differ bet- 
ween the two major lung cancer subtypes, i.e., 
adenocarcinoma and squamous cell carcino-
ma, different molecular markers need to be 
developed to sensitively detect these two types 
of lung cancer [5]. Many DNA methylation mark-
ers of these two types of lung cancer have been 

Table 1. Multivariate Cox regression model of PITX2 in the overall survival of patients with early-stage 
NSCLC
Variable Hazard ratio 95% HR C.I. P-value
Patients with stage I and II NSCLC in the microarray datasets (n=736)
    PITX2 1.56 1.10 2.23 0.013
    Gender 1.24 0.97 1.59 0.083
    Age 1.04 1.02 1.05 <0.0001
Patients with stage I NSCLC in the microarray datasets (n=568)
    PITX2 1.69 1.14 2.50 0.009
    Gender 1.28 0.95 1.73 0.099
    Age 1.05 1.03 1.06 <0.0001
Patients with stage I and II NSCLC in the Taiwanese cohort (n=98)
    PITX2 2.28 1.18 4.40 0.014
    Gender 2.89 1.24 6.71 0.014
    Age 0.99 0.97 1.02 0.694
Patients with stage I NSCLC in the Taiwanese cohort (n=80)
    PITX2 2.65 1.18 5.93 0.018
    Gender 2.53 0.96 6.67 0.061
    Age 0.99 0.97 1.02 0.704
Patients with stage I and II lung adenocarcinoma in the Taiwanese cohort (n=77)
    PITX2 2.22 1.03 4.78 0.041
    Gender 2.61 1.10 6.21 0.030
    Age 1.00 0.97 1.02 0.845
Patients with stage I lung adenocarcinoma in the Taiwanese cohort (n=64)
    PITX2 4.38 1.58 12.12 0.004
    Gender 2.55 0.92 7.06 0.071
    Age 1.00 0.97 1.03 0.954
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developed [5, 6]. PITX2 was identified as a DNA 
methylation marker in an eight-gene panel of 
squamous cell lung cancers [5]. Taken togeth-
er, our results suggest that PITX2B could serve 
as a suitable prognostic biomarker of early-
stage NSCLC.

PITX2 has been known to play an important 
role in determining left-right asymmetry and the 
development of multiple organs [8]. For exam-
ple, left identity was found to be mediated by 
the Nodal-Pitx2 axis, which is inhibited by Snail, 
an epithelial-mesenchymal transition (EMT) in- 
ducer, on the right-hand side in vertebrates 
[43]. In addition, PRRX1 knockdown-induced 
PITX2 upregulation represses Slug transcrip-
tional activities and increases E-cadherin ex- 
pression levels in hepatocellular carcinoma 
cells [44]. Our cell morphology observations 
showed that the PITX2B-overexpressing cells 
had spindle shapes; whether PITX2B could reg-
ulate EMT signalling in lung cancer could be 
worth investigating in future studies.

As a transcription factor, PITX2B can activate 
and/or repress the transcription of its target 
genes to perform specific cellular functions. 
Our data demonstrate that the oncogenic char-
acteristics of PITX2B are mediated through two 
important NLSs located at amino acids 80 to 
91 and 134 to 146. When the NLS structures 
of PITX2B were changed by two point muta-
tions, namely, R84P and R137P, the cytoplas-
mic localization of PITX2B was increased, and 
the nuclear expression of the PITX2B protein 
was restricted. In addition, lung cancer cells 
expressing PITX2B NLS mutant proteins lost 
their effects on increasing migration, invasion 
and colony formation capabilities compared  
to wild-type NLS control cells (Figure 3). To the 
best of our knowledge, this study is the first to 
identify critical NLSs of PITX2B in lung cancer 
progression. These results suggest that de- 
signing or identifying molecules or proteins that 
target the PITX2B protein in the cytoplasm and 
prevent its entry into the nucleus could be an 
efficient therapeutic strategy for lung cancer. 
Some PITX2-interacting proteins have been 
identified, including the HPV E6 protein [45]. 
Previous studies suggest that PITX2A could 
interfere with E6/E6AP-mediated p53 degrada-
tion by binding the E6 protein, leading to the 
accumulation of functional p53 protein in HeLa 
cells [45]. Thus, our hypothesis needs to be 
investigated in the future.

To confirm the functional effect of the reduced 
PITX2B expression in lung cancer cells, we per-
formed PITX2-specific siRNA or shRNA knock-
down experiments in CL1-5 cells with high 
PITX2B expression. We found that the knock-
down of PITX2B could reduce lung cancer cell 
viability to 19.8% after 72 h of transfection wi- 
th PITX2-specific siRNA. In addition, our data 
show that the knockdown of PITX2B could re- 
duce the expression of the antiapoptotic pro-
tein Bcl-2 and increase the expression levels of 
proapoptotic proteins, including cleaved cas-
pase 3 and PARP. These results are consistent 
with a previous study showing that the knock-
down of PITX2 could decrease cell viability via 
the induction of an apoptotic mechanism in- 
volving the activation of executioner caspase 
activity in gonadotroph cells [14]. A recent stu- 
dy also showed that the knockdown of PITX2 
could lead to G1/S cell cycle arrest and a high-
er apoptotic ratio in H1299 lung cancer cells 
[17]. However, in oesophageal squamous cell 
carcinoma (ESCC) cell lines, the knockdown of 
PITX2 did not appear to induce cell apoptosis 
[46]. Therefore, the differential effects of PITX2 
knockdown could be associated with the spe-
cific PITX2 isoform targeted and/or tissue spe- 
cificity.

More interestingly, for the first time, we demon-
strate that the knockdown of PITX2B could 
induce autophagy in the NSCLC cell lines CL1-5 
and A549. First, the occurrence of autophagy 
was demonstrated by TEM, which is considered 
the standard technology for the morphological 
evaluation of autophagy [47]. In addition, our 
data revealed that the knockdown of PITX2B 
could stimulate the conversion of LC3-I to LC3-
II and increase the number of GFP-LC3 puncta 
in BEAS2B cells. Moreover, a well-known lyso-
somal inhibitor, i.e., NH4Cl, that blocks lysosom-
al protein degradation could reduce autophagy 
and restore cell viability to levels similar to 
those observed in scramble siRNA transfec-
tants. Furthermore, autophagy was investigat-
ed at the molecular level by biochemical meth-
ods. Our results indicate that the levels of both 
Beclin-1 and LC3-II, which are considered mar-
kers of autophagy, are significantly increased 
after PITX2B knockdown in CL1-5 cells, which 
was accompanied by the downregulation of 
p62 expression. Altogether, these results in- 
dicate that autophagy is induced by PITX2B 
knockdown. Autophagy is a catabolic process 
regulated by a series of Atg proteins in which 
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unnecessary by-products and damaged organ-
elles are engulfed into doubled-membrane ves-
icles termed autophagosomes and subsequ- 
ently transported to lysosomes [48, 49]. Load- 
ed autophagosomes fuse with lysosomes to 
form autolysosomes, where cargoes are de- 
graded by lysosomal enzymes and recycled 
[49]. According to our findings, we propose that 
PITX2B knockdown can drive lung cancer cells 
to initiate the autophagy process until autolyso-
some formation. In the absence of a lysosomal 
inhibitor, PITX2B knockdown could complete 
the autophagic process and ultimately lead to 
cell death. However, currently, the molecular 
mechanism underlying PITX2B knockdown-in- 
duced autophagy is incompletely understood 
and requires further study.

Recent studies have noted the conflicting roles 
of autophagy in cancer progression and res- 
ponse to therapy [50]. This discrepancy appears 
to highly depend on the cell types and inducers 
[51, 52]. In our study, we investigated the rela-
tionship between autophagy and apoptosis in 
PITX2B-depleted NSCLC cells and found that 
following the NH4Cl treatment, the viability of 
the PITX2B-knockdown cells was significantly 
recovered. Previous studies have demonstrat-
ed that antiapoptotic Bcl-2 family members can 
form complexes with Beclin-1 and prevent it 
from promoting autophagy [53, 54]. Our data 
show that the PITX2B knockdown could en- 
hance apoptosis through the upregulation of 
the expression of proapoptotic proteins and 
downregulation of the expression of antiapop-
totic proteins, such as Bcl-2. Taken together, 
these results suggest that autophagy induced 
by PITX2B knockdown contributes to promoting 
apoptosis in human NSCLC cells.

In conclusion, we show that the overexpression 
of PITX2B could enhance cancer cell migration, 
invasion, and colony formation capabilities in 
vitro and tumorigenesis in vivo. In addition, we 
demonstrate that a high PITX2B expression is 
associated with a poor overall survival in early-
stage NSCLC patients. Moreover, our data in- 
dicate that the knockdown of PITX2B could 
induce autophagy in human NSCLC cells and 
that cell death decreases when autophagy is 
inhibited by the lysosomal inhibitor NH4Cl. Al- 
together, these findings suggest that the knock-
down of PITX2B is a promising novel chemo-
therapeutic strategy for the treatment of human 
non-small-cell lung carcinoma.
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Supplementary Table 1. Clinical characteristics of early-stage NSCLC patients
Published cohort Taiwan cohort

No. of patients 736 98
Age - yr 63.59±9.43 70.84±14.15
Gender - no. of patients (%)
    Male 417 (56.66) 66 (67.35)
    Female 319 (43.34) 32 (32.65)
Tumor stage - no. of patients (%)
    I 568 (77.17) 80 (81.63)
    II 168 (22.83) 18 (18.37)
Tumor type - no. of patients (%)
    Adenocarcinoma 565 (76.77) 77 (78.57)
    Squamous cell carcinoma 171 (23.23) 21 (21.43)


