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Abstract: Epithelial-mesenchymal transition (EMT) plays crucial role in tumor metastasis and patient prognosis. 
Previous studies indicated that paired-related homeobox 1 (PRRX1), a newly identified EMT inducer, plays opposing 
roles in different tumor cell types. However, the function of PRRX1 in lung cancer has not been elucidated. In the 
present study, we observed that the expression level of PRRX1 was high in A549 cells, and a loss of PRRX1 induced 
EMT by regulating the EMT markers N-cadherin, E-cadherin and vimentin in A549 cells. This loss also distinctly af-
fected cell morphology, migration and invasion. Moreover, a loss of PRRX1 increased the expression levels of cancer 
stem cell (CSC) markers and promoted the proliferation of these cells. These findings demonstrated that PRRX1 
inhibits EMT and induces CSC-like properties in A549 cells.
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Introduction

Metastasis is the key feature of tumor cells. In 
this process, tumor cells break away from 
extracellular matrix (ECM) and permeate into 
the systemic circulation. They then disseminate 
to distant sites and form secondary tumors. 
Metastasis is associated with 90% of cancer 
deaths [1]. Therefore, the mechanisms of 
metastasis need to be further studied to devel-
op strategies to prevent or interrupt the pro-
cess. Existing studies indicated that the epithe-
lial-mesenchymal transition (EMT) plays a criti-
cal role during cancer invasion and metastasis 
[2]. During EMT, epithelial tumor cell lose their 
expression of E-cadherin, an important epithe-
lial cell-cell adhesion molecule, and begin to 
exhibit motility and invasiveness [3, 4]. EMT 
inducers, such as TWIST1 [5], ANAI1 [6], ZEB1 
and ZEB2 [7], have been proven to be associ-
ated with metastasis and invasion in cancer 
cells.

Paired-related homeobox 1 (PRRX1), a newly 
discovered EMT inducer [8], has been shown to 
correlate with metastasis and prognosis in 
diverse cancer types, including gastric cancer 
[9], colorectal cancer [10], and hepatocellular 
carcinoma [11]. PRRX1 participates in cancer 
progression in two different manners. Spe- 
cifically, PRRX1 overexpression induces EMT 
and promotes metastasis and invasion in tumor 
cells, and it is an indicator of poor prognosis in 
gastric cancer [9] and colorectal cancer [10]. 
Moreover, tumor cells acquire cancer stem cell 
(CSC)-like properties due to the loss of PRRX1 
expression, which results in distant metastasis 
and indicates a poor prognosis in breast cancer 
[8] and hepatocellular carcinoma [11]. These 
contradictory results imply that PRRX1 plays a 
key role in tumor progression. Although lung 
cancer has become the principal cause of can-
cer-related death worldwide [12], and most 
patients are unfortunately diagnosed in the 
advanced stages, the function of PRRX1 in lung 
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Figure 1. Phase-contrast images of A549 cells. A549 cells acquired a mesenchymal phenotype after the loss of 
PRRX1. Scale bars: 100 mm. 

cancer has not yet been 
elucidated. Thus, this stu- 
dy aimed analyze the role 
of PRRX1 in lung cancer 
cells.

Materials and methods

Cell culture

The human lung cancer 
cell line A549 was ob- 
tained from the Elemental 
Laboratory of Anhui Me- 
dical University. The cells 
were cultured in Dulbe- 
cco’s modified Eagle’s 
medium (DMEM; Gibco, 
Invitrogen) supplemented 
with 10% fetal bovine 
serum (FBS; Gibco, Invi- 
trogen) in a humidified at- 
mosphere containing 5% 
CO2 at 37°C. 

shRNA transfection

The shRNA sequence sp- 
ecific for PRRX1 was 5’- 
CCGGCCTGGGAATTTGGC- 
GACGTAACTCGAGTTACGT- 
CGCCAAATTCCCAGGTTT- 
TTG-3’. The sequence of 
the control shRNA was 5’- 

Figure 2. Silencing PRRX1 induced EMT in A549 cells. Western blots showing 
that E-cadherin protein expression was significantly lower and N-cadherin and 
vimentin protein expression were significantly higher in A549-PRRX1 cells than in 
mock cells (★P<0.05 vs. Mock groups).
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GATTCACTCACACCTTCCTTCCAAGGATTGTTTTG- 
GCCACTGACTGACAATCCTTGGAAGGAAGGT- 
GTGAGTG-3’. Cells were transfected with 1.5  
μg of shRNA using Lipofectamine 2000 (In- 
vitrogen, Carlsbad, USA) following the manu- 
facturer’s instructions.

Western blot analysis

Total cellular protein was collected and pro-
cessed as previously described [9]. The prima-
ry antibodies were prepared as follows: PRRX1 

(dilution 1:1000; OriGene, Rockville, USA), E- 
cadherin (dilution 1:1000), N-cadherin (dilution 
1:1000), vimentin (dilution 1:1000) and β-actin 
(dilution 1:2000) (Abcam, Cambridge, USA). β- 
actin was used as an internal control.

MTT colorimetric assay

The colorimetric MTT assay (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide) (Ro- 
che Applied Science, Basel, Switzerland) was 
used to evaluate cell proliferation. Cells were 

Figure 3. Immunofluorescence analysis of PRRX1 silencing in A549 cells. Targeted proteins are stained green (Mock) 
and red (PRRX1). Scale bars: 50 mm. Immunofluorescence analysis showing that E-cadherin protein expression was 
significantly lower and vimentin protein expression was significantly higher in A549-PRRX1 cells than in mock cells.
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Figure 4. Silencing PRRX1 promoted migration and invasion in A549 cells. A. Cellular migration was analyzed using 
a migration assay after silencing PRRX1. B. The invasive properties of A549 cells were examined with a Boyden 
chamber assay. The number of A549-PRRX1 cells migrating through the Boyden chamber pores was significantly 
increased compared with the mock cells (★P<0.05 vs. Mock groups).

seeded in 96-well plates at a concentration of 
2×103 cells per well and then exposed to the 
compound for 72 hours (h). The viable cell con-
tent was then measured with a MTT assay 
according to the manufacturer’s instructions. 
Spectrophotometric absorbance at 490 nm 
was determined with a microplate reader (Bio-
Rad, Hercules, CA, USA). Each sample tested in 
triplicate.

Soft agar assays

For this assay, 3×103 cells were suspended in 
0.35% agarose (DMEM mixed with 0.7% aga-
rose) and cultivated on a 0.6% agarose (DMEM 
mixed with 1.2% agarose) bed. Colonies were 
counted after 21 days, and the number of colo-
nies was assessed in 10 randomly selected 
microscopic fields. The assay was repeated at 
least three times.

Immunofluorescent analysis

An immunofluorescence analysis was per-
formed to detect E-cadherin and vimentin. In 
brief, cells were fixed with 4% paraformalde-
hyde for 30 min. The cells were washed three 
times with phosphate-buffered saline (PBS) 

and then incubated with anti-E-cadherin (dilu-
tion 1:500; Abcam, Cambridge, USA) and anti-
vimentin (dilution 1:250; clone Abcam, Cam- 
bridge, USA) antibodies overnight at 4°C. Alexa 
Fluor 549-conjugated secondary antibody was 
added for 30 minutes (min). The cells were then 
counterstained with 4’,6-diamidino-2-phenylin-
dole (DAPI), and images were obtained with a 
fluorescence microscope.

Wound-healing assay

Cells were seeded in a 24-well plate at an initial 
density of 3×105 cells/cm2. A uniform monolay-
er formed within 48 h. All assays were per-
formed in serum-free medium. Briefly, a 10-μl 
sterile micropipette tip was used to create a 
wound in the monolayer by scraping, and wound 
closure was assessed using phase-contrast 
microscopy (NIKON, Japan) at several time 
points starting at 0 h until 48 h. 

Cell migration and invasion assays

Cell migration and invasion assays were per-
formed using a 12-well Boyden Chamber (Neuro 
Probe, Gaithersburg, MD, USA) or BD BioCoat 
Matrigel Invasion Chamber (BD, Franklin Lakes, 
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ed using Western blotting. Various concentra-
tions of antibody were used, which all showed 
that PRRX1 expression was high in A549 cells 
(data not shown). Therefore, we established  
a knockdown experiment. A specific shRNA 
against PRRX1 or control shRNA was transfect-
ed into A549 cells using a lentiviral vector, 
resulting in the A549-PRRX1 and A549-mock 
cell lines, respectively. The expression level of 
PRRX1 was significantly lower in A549-PRRX1 
cells than that in A549-mock cells (data not 
shown). A morphological assessment by phase-
contrast microscopy after transfection showed 
that A549-PRRX1 cells exhibited a more spin-
dle-like shape and a less sheet-like architec-

USA) with 6-μm pore size. Briefly, 4×105 cells 
were seeded into the upper chamber. After 24 
h of incubation, the cells migrating through the 
pores or invading through the Matrigel were 
fixed and stained with 0.5% crystal violet. The 
cells on the lower surface of the chamber were 
counted in 6 randomly selected fields. The test 
was repeated three times.

Flow cytometric analysis

Cultured cells were treated with the appropri-
ate amount of FITC-conjugated isotype-specific 
antibody and analyzed by flow cytometry. The 
cells were stained with specific lung cancer 

Figure 5. Wound-healing assay indicating healing rates in various groups of 
A549 cells. Scale bars: 100 mm. The healing rates significantly increased in 
A549-PRRX1 cells compared with mock cells.

CSC surface markers: anti-
CD133, anti-CD44 and anti-
ALDH1 (Abcam, Cambridge, 
USA). Ten thousand labeled 
cells were harvested and 
analyzed using a Cell Sorter 
SH800 (Sony), and the 
resultant data were ana-
lyzed using the SH800 soft-
ware (Sony).

Statistical analysis

Differences in continuous 
variables were assessed 
using Student’s t test, and 
data are expressed as the 
mean values ± standard 
deviations. Categorical vari-
ables were compared using 
the chi-squared test. All 
analyses were conducted 
using SPSS (SPSS Inc., 
2003, Chicago, USA) and 
GraphPad Prism software 
version 6.0 (GraphPad So- 
ftware, La Jolla, CA). P val-
ues <0.05 were considered 
indicative of a significant di- 
fference.

Results

Silencing PRRX1 induces a 
mesenchymal phenotype in 
A549 cells

The expression level of 
PRRX1 in the lung cancer 
cell line A549 was estimat-
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Figure 6. A549 CSC markers (CD133, CD44, and ALDH1) were analyzed by flow cytometry. Flow cytometry results showed that the expression levels of cancer-stem 
cell markers were significantly increased when PRRX1 was silenced. (★P<0.05 vs. Mock groups).
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ture than A549-mock cells. These results indi-
cate that A549 cells acquired a mesenchymal 
phenotype after PRRX1 knockdown (Figure 1).

Silencing PRRX1 promotes EMT in A549 cells

The above results indicated that the loss of 
PRRX1 was invariably associated with EMT 
because A549-PRRX1 cells acquired a mesen-
chymal phenotype. To assess the ability of 
PRRX1 to induce EMT in A549 cells, the expres-
sion levels of EMT markers were quantified by 
Western blotting 48 h after transfection. The 
results showed that E-cadherin protein expres-
sion was significantly lower and N-cadherin and 
vimentin protein expression was significantly 
higher in A549-PRRX1 cells than that in mock 
cells (Figure 2). These data reveal that PRRX1 
attenuated EMT in A549 cells and contradict 
those reported in previous studies [8-11]. An 
immunofluorescence analysis was performed 
to further support for these changes (Figure 3), 
and similar results were observed. 

Silencing of PRRX1 modulated invasion and 
migration in A549 cells

Epithelial cells lose adherent junctions and 
then acquire the ability to migrate and invade 
during EMT [13]. To investigate the effect of 
silencing PRRX1 in A549 cells on migration and 
invasion, the following experiments were. First, 
cell migration was assessed in vitro 24 h after 
transfection. As shown in Figure 4A, the num-
ber of A549-PRRX1 cells migrating through the 

Boyden chamber pores significantly increased 
compared with the mock cells (P<0.05). 
Verifying these data, similar results were dem-
onstrated in a wound-healing assay (Figure 5). 
We further tested the ability of cells to invade 
using a Boyden chamber assay, the results of 
which are shown in Figure 4B. The number of 
A549-PRRX1 cells that permeated through the 
Matrigel significantly was significantly higher 
than the number of permeating mock cells 
(P<0.05). These results suggest that knocking 
down PRRX1 expression endowed A549 cells 
with the ability to migrate and invade.

Silencing PRRX1 promotes CSC-like properties 
and anchorage-independent growth in A549 
cells

Breast tumor cells acquire CSC-like properties 
via the loss of PRRX1 expression [8]. To deter-
mine whether similar effects occur in A549 
cells, the expression levels of CD133, CD44 
and ALDH1 were analyzed by flow cytometry. 
These markers have all been reported to act as 
CSC markers in A549 cells [14-16]. A flow cyto-
metric analysis revealed that the populations of 
CD133+, CD44+ and ALDH1+ cells were larger in 
A549-PRRX1 cells than in mock cells (Figure 
6). The CD133+/ALDH1+, CD133+/CD44+ and 
CD44+/ALDH1+ ratios were also increased in 
A549-PRRX1 cells. An MTT colorimetric assay 
was carried out to investigate the effect of 
PRRX1 on the CSC-like properties of A549 
cells. As shown in Figure 7, proliferation was 
increased in A549-PRRX1 cells compared with 
mock cells. Furthermore, we performed soft 
agar assays to demonstrate the capacity for 
anchorage-independent growth, which revealed 
that this capacity was higher in A549-PRRX1 
cells than in mock cells (Figure 8). Therefore, 
these findings imply that a loss of PRRX1 
induced a stemness phenotype in A549 cells.

Discussion

In this study, we found that knocking down 
PRRX1 induced EMT in A549 cells, which 
implies that PRRX1 is an inhibitor, not inducer, 
of lung adenocarcinoma. However, PRRX1 was 
recently reported to induce EMT in other tumor 
cells [8-11]. This discrepancy may be due to the 
following. First, the vast majority of previous 
studies were performed by over-expressing 
PRRX1, and PRRX1 played opposing roles in 
different tumor cell types. Moreover, changes 

Figure 7. PRRX1 affected A549 cell proliferation 
based on an MTT assay. Proliferation was signifi-
cantly increased in A549-PRRX1 cells compared with 
mock cells (★P<0.05 vs. Mock groups).
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in EMT markers, including changes in E-cadherin 
and vimentin protein expression, were not 
observed in a PRRX1-silencing experiment in 
glioblastoma cells [17]. These results indicated 
that the function of PRRX1 depends on the 
tumor cell type. Moreover, PRRX1 expression in 
the human lung is stable from embryonic devel-
opment to adulthood, unlike in other human tis-
sues [18]. Specifically, PRRX1 plays a critical 
role in pulmonary vascular development [19], 
and PRRX1-/- mice are cyanotic and die soon 
after birth from respiratory distress [20]. These 
studies indicate that appropriate PRRX1 
expression is necessary and valuable for pul-
monary development. Therefore, we suspected 
that PRRX1 plays a different role in lung tissue 
than in other human tissues. Although the 
results presented herein suggest a mechanism 
for PRRX1 in lung cancer, this mechanism war-
rants further study. 

In this study, we demonstrated that A549 cells 
acquired CSC-like properties and the capacity 
for anchorage-independent growth after PRRX1 
was silenced. These results agreed with a 
recent report that showed that cancer cells 
develop stemness properties during the EMT 
process [21]. However, the mechanism by 
which PRRX1 regulates the stemness proper-
ties of cancer cells remains unclear [22]. One 
study showed that the knockdown PRRX1 
increased reprogramming efficiency [23], 
whereas other data suggest that stemness 
properties are closely related to EMT [24]. 
Notably, EMT and CSC-like properties are sig-
nificantly associated with a poor prognosis in 
various cancer types. Our results indicate that 
knocking down PRRX1 induced EMT and CSC in 

A549 cell. Moreover, low PRRX1 expression 
has been associated with tumor progression, 
metastasis and poor prognosis in squamous 
cell and adenocarcinomas of the lung based on 
an analysis of clinicopathological variables [25, 
26].

In summary, we demonstrated that silencing 
PRRX1 induced EMT and stemness properties 
in A549 cells while promoting migration, inva-
sion and cloning. These results indicated that 
PRRX1 inhibits EMT A549 cells, which contra-
dicts previous studies. We speculate that 
PRRX1 likely acts as a bidirectional regulation 
factor in diverse cancer types. However, further 
study is required to clarify the mechanism.
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