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Abstract

Paired box 9 (PAX9) is a transcription factor of the PAX family functioning as both a transcriptional activator 
and repressor. In lung adenocarcinoma (LUAD), PAX9 was over expressed in A549 cell line, and the higher 
the expression of PAX9, the worse the prognosis of patients. To investigate the role of PAX9 in LUAD, we 
constructed an A549 cell line with stable knockdown of PAX9 and demonstrated by EdU assay, wound healing 
assay and trans well assay that knockdown of PAX9 as a transcription factor promoting cancer progression 
in LUAD significantly inhibited the ability of tumor proliferation, migration and invasion. This provides a new 
therapeutic idea for the future treatment of LUAD.
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Introduction

Lung cancer is the second most deadly cancer disease in the 
world [1,2], causing 1.6 million deaths each year [3,4]. Non-Small 
Cell Lung Cancer (NSCLC) accounts for about 85% of Lung cancer 
patients [5]. Lung Adenocarcinoma (LUAD) is the most prevalent 
subtype of NSCLC, accounting for approximately 40% of all lung 
cancer cases [6]. LUAD is characterized by high recurrence rate, 
high metastatic potential and poor prognosis, and its incidence is 
increasing each year [7,8]. With the advancement of science and 
technology, there are numerous contemporary treatments for 
LUAD, but the 5-year survival status of patients is still a concern 
[9]. Immune checkpoint inhibitors targeting programmed cell 
death Protein 1 (PD1) or programmed death Ligand 1 (PD-L1) 
have already substantially improved the outcomes of patients 
with many types of cancer, but this therapy still does not work for 
most patients [10]. Therefore, there is an urgent need to develop 
new therapeutic tools in order to treat patients with LUAD.

PAX9 protein contains an N-terminal DNA-binding paired box 
domain, an octa peptide, and a C-terminal transcription activation 
domain [11]. Studies have shown that PAX9 plays a crucial role 
in mouse embryonic development, not only in the thymus and 
thyroid, but also in the tongue, lips, and cardiovascular system 
[12-18]. In lung cancer, high-resolution array analysis identified 
a low level of amplification in this region in 15% of lung cancer 
samples at locus 14q13.3. And a high level of amplification in 4% 
of samples. The three core genes in this range are TTF1/NKX2-
1, NKX2-8, and PAX9, all three of which are transcription factors 
involved in lung development. This indicates that these genes are 
over expressed in lung cancer and the oncogenic effects of these 
genes were confirmed by gene knockdown and over expression 
experiments [19]. Using CRISPR-Cas9 technology, PAX9 was found 
to be over expressed in Small Cell Lung Cancer (SCLC) cells, and 
this over expression was regulated by epigenetic [20]. However, 
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PAX9 expression was suppressed in Head and Neck Squamous 
Cell Carcinoma (HNSCC) and Esophageal Squamous Cell Carcino-
ma (ESCC) and correlated with prognosis [21,22]. In HNSCC, high 
PAX9 expression was associated with repair of the oral mucosa 
[23], whereas in ESCC, PAX9 expression decreased with increasing 
malignancy of the tumor lesion [24].

In the present study, we found high expression of PAX9 in LUAD 
and the expression correlated with prognosis through the online 
tool GEPIA2, Kaplan-Meier Plotter. It was confirmed by experi-
ments in A549 cell line that PAX9 acts as a pro-oncogenic factor 
in LUAD and promotes proliferation migration as well as invasion 
of A549 cells.

Materials and methods

Cell and cell culture

Normal lung epithelial cell line MRC-5, and lung cancer cell lines 
A549 and H-1299, purchased from Pro cell Life Science &Techno-
logy Co., Ltd. Dulbecco’s modified Eagle’s medium (Meilun) were 
used to culture A549 cell line and contained 10% fetal bovine 
serum (Every Green, China) and 1% Penicillin/chloramphenicol ( 
Meilun, China) and then was incubated at 37°C with 5% CO2.

Plasmid and lentivirus packaging

The PAX9 knockdown primers were designed and added to the 
pLKO.1 vector (sh-PAX9-pLKO.1). Subsequently, 4×106 HEK-293T 
cells were inoculated in a 10 cm cell culture dish, and after HEK-
293T cells were plastered, 5μg of sh-PAX9-pLKO.1 plasmid with 
3 μg of Gag, 2 μg of PCMV-VSV-g plasmid in 450 μL serum-free 
low-glucose DMEM medium (Meilun, China), followed by 30 μl of 
transfection reagent Polyetherimide (PEI) (Meilun, China), mixed 
and co-incubated for 30 min. The final mixture was added drop 
wise to the medium of HEK-293T cells, and the supernatant was 
collected and filtered after 72 h through a 0.22 μm filter (Milli-
pore) (Sigma, USA). 50%–60% confluent of A549 cells were infec-
ted with the collected filtrate, and 2 μg/μL puromycin was stably 
screened for 14 days to obtain stable expression cell lines. The 
sh-PAX9 sequence was as follows: 5’-CCGG-CCCAATTCCCAGGTCT-
CACAT-CTCGAG-ATGTGAGACCTGGGAATTGGG-TTTTTG-3’.

Quantitative Real-time PCR (qRT-PCR) Assay

TRIzol reagent (Cowin Bio) was used to separate cellular RNA 
from lung adeno carcinoma cell. The RNA was reversely transcri-
bed into cDNA using the reverse transcription kit (Vzayme). Hieff 
q PCR SYBR Green Master Mix kit (Yeasen) was used for amplifica-
tion in CFX96 quantitative PCR apparatus. The specific procedure 
is as follows: 95°C for 3 min, 95°C for 10 sec, 60°C for 20 sec, a 
total of 40 cycles; The fusion curve stage is defined by the instru-
ment default settings. Relative gene expression levels were cal-
culated using the 2(−ΔΔCt) method. GAPDH was used as internal 
parameter. The primers used were as follows: 

GAPDH (Forward primer) 5’-CTTTGGTATCGTGGAAGGACTC-3’,  

GAPDH (Reverse primer) 5’-GTAGAGGCAGGGATGATGTTCT-3’; 

PAX9 (Forward primer) 5’-AGCAGGGTCATTACGACTCAT-3’, 

PAX9 (Reverse primer) 5’-CTGGGGTACGAGTAGATGTGG-3’.

CDH1 (Forward primer) 5’-CGAGAGCTACACGTTCACGG-3’,

CDH1 (Reverse primer) 5’-GGGTGTCGAGGGAAAAATAGG-3’; 

CDH2 (Forward primer) 5’-AGCCAACCTTAACTGAGGAGT-3’,

CDH2 (Reverse primer) 5’-GGCAAGTTGATTGGAGGGATG-3’; 

Vimentin (Forward primer) 5’-AGTCCACTGAGTACCGGAGAC-3’,

Vimentin (Reverse primer) 5’-CATTTCACGCATCTGGCGTTC-3’; 

PCNA (Forward primer) 5’-ACACTAAGGGCCGAAGATAACG-3’,

PCNA (Reverse primer) 5’-ACAGCATCTCCAATATGGCTGA-3’.

Western blot

Strong RIPA lysis buffer (Meilun) containing protease inhibitor 
was used to lysate cells and extract proteins. Protein concentration 
was detected using the bicinchoninic acid assay (BCA) protein de-
tection kit (Meilun). The proteins were separated by Tricine-SDS-
PAGE (Zpizyme) and transferred to PVDF membrane (Millipore), 
which was sealed with 5% bovine serum albumin (BSA) at room 
temperature for 2 hours. And then incubated with a primary anti-
body GAPDH (1:2000, ABclonal), CDH1 (1:2000, ABclonal), CDH2 
(1:2000, ABclonal), vimentin (1:2000, ABclonal), PCNA (1:2000, 
ABclonal), PAX9 (1:2000, ABclonal), at 4°C overnight. Horseradish 
peroxidase‐conjugated anti‐mouse IgG or antirabbit IgG seconda-
ry antibody (1:5000, Abclonal). Chemiluminescence imaging sys-
tem (Bio-Rad) was used to detect the bands and ImageJ program 
was used to semi-quantify protein expression.

5-Ethynyl-2’-Deoxyuridine (EdU)-Labeling assay

The A549 cells were incubated in a 24-well plate for overnight, 
with a density of 4 × 104 cellsper well. The Cell-Light TM EdU In 
Vitro Cell Proliferation Imaging Kitwas used for transfection. EdU-
Labeling Assay was conducted according to the manufacturer’s 
instructions (Ribobio, Guangzhou, China). After counterstaining 
the cultivated cells with 4, 6-diamidino-2-phenylindole, pictures 
of the cells were taken using a confocal laser scanning microscope 
(OLYMPUS, Japan) (DAPI). The cells were further examined by di-
viding the total number of cells by the number of EdU+ cells. 

Wound healing assay

The A549 cells were inoculated in 6-well plates, and after 
the cells grew to full size, a 200 ul plastic pipette tip was used 
to scratch the wound. Subsequently, the cells in the 6-well plates 
were washed 3 times with PBS buffer and replaced with 2% FBS 
medium, followed by photography using an inverted microscope 
(Olympus). After leaving for 48 h, the pictures were taken again.

Trans well migration assay

Matrigengel (BD) was added to the trans well, and after the 
matrix gel solidified, 3 x 104 cells were added, 200 ul of serum-free 
medium was added to the upper chamber, and 500 ul of 20% FBS 
medium was added to the lower chamber. After 48 h, the me-
dium was removed and 4% para formaldehyde was added to fix 
the cells, followed by Giemsa staining. Finally, the non-migrated 
cells were erased and photographed using an inverted micros-
cope (Olympus).

Statistical analysis

Statistical software Graph Pad 6 was used for statistical analy-
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sis. The measurement data were expressed as mean ± standard 
deviation (SD) from at least three independent experiments. T-
test was performed between the two groups. One-way ANOVA 
was used for comparison between multiple groups. The diffe-
rence of P<0.05 was considered statistically significant.

Results

The Expression of PAX9 in Lung Adenocarcinoma and Pro-
gnostic Relevance

The expression of PAX9 in various cancers was identified 

Figure 1: The Expression of PAX9 in Lung Adenocarcinoma and Prognostic Relevance. (A) The PAX9 expression in generalized carcinoma 
(GEPIA2). (B) The PAX9 mRNA expression levels in 830 LUAD tissue samples. (C) The differences in prognostic levels of PAX9 in 719 patients 
with LUAD.

through the online tool GEPIA2 (Figure 1A). Using the online tool 
GEPIA2, PAX9 expression levels were found to be elevated in LUAD 
patients (Figure 1B). Using the online site Kaplan-Meier Plotter, in 
719 LUAD patients, it was found that the higher the PAX9 expres-
sion, the worse the survival status of the patients (Figure 1C).

The PAX9 is over expressed in LUAD cell lines

The mRNA expression level of PAX9 was significantly up regu-
lated in LUAD cell lines A549 and H-1299 compared to normal cell 
line MRC-5 by RT-qPCR (Figure 2A). Similarly, the same results were 
obtained for PAX9 protein expression by Western Blot (Figure 2B).

Figure 2: The PAX9 is overexpressed in LUAD cell lines. (A) The chang-
es in mRNA expression levels of PAX9 in normal and cancer cells. (B) 
The changes in protein expression levels of PAX9 in normal and can-
cer cells.

Figure 3: Stable knockdown of PAX9 inhibits the proliferation, mi-
gration and invasive ability of A549 cells. (A) The changes in mRNA 
expression levels of proliferation migration marker after PAX9 knock-
down. (B) The changes in protein expression levels of proliferation 
migration marker after PAX9 knockdown. (C) Verification of changes 
in cell proliferation capacity after PAX9 knockdown by EdU assay. (D) 
Wound healing assay and transwell assay to verify the inhibition of 
cell migration and invasion ability after PAX9 knockdown.
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Stable knockdown of PAX9 inhibits the proliferation, migra-
tion and invasive ability of A549 cells

Sh-PAX9-A549 cell line with stable knockdown of PAX9 was 
constructed by shRNA sequence of PAX9, and the knockdown effi-
ciency of PAX9 was detected by RT-qPCR (Figure 3A) and Western 
Blot (Figure 3B). In the EdU assay, the sh-PAX9 group significantly 
inhibited the proliferation ability of A549 cells compared to the 
control group (Figure 3C). Similarly, knockdown of PAX9 signifi-
cantly inhibited the migratory ability of A549 cells in the wound 
healing assay (Figure 3D). Finally, it was confirmed by transwell 
assay that the invasive ability of A549 cells is hampered with the 
down regulation of PAX9 (Figure 3E).

Discussion

PAX9 has been shown to play a very important role in the de-
velopment of the embryo. However, in LUAD, its function is very 
unclear, except for the fact that it has been shown to be highly 
expressed. In this study, we found that PAX9 was over expressed 
in LUAD through a bioinformatics website and was closely associa-
ted with the prognosis of LUAD patients, and subsequently confir-
med PAX9 over expression in LUAD cell lines through experiments 
to construct cell lines with stable knockdown of PAX9, and found 
that knockdown of PAX9 could proliferate, migrate and invade 
A549 cells through cellular level experiments.

In embryonic development, PAX9 has been shown to be regu-
lated by GLI3, SHH [25], BMP [26], SIX2 [27], and FGF [28], but it 
is not clear whether this regulation persists in cancer. Epigene-
tic modification of the BAP1/ASXL3/BRD4 axis in small cell lung 
cancer is now known to promote PAX9 expression [20]. And in 
ESCC cell lines, the use of the demethylation drug 5-aza-2'-deoxy-
cytidine induces PAX9 expression, and in addition to ESCC, hyper-
methylated sequences in the PAX9 promoter region have been 
found in lung cancer cells, HNSCC and ovarian cancer [21,29,30]. 
Therefore, we next sought to confirm whether the dysregulation 
of PAX9 expression in the LUAD cell line was due to transcription 
factors or to DNA demethylation.
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