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Abstract. Transmembrane protein 229A (TMEM229A) is a 
member of the TMEM family that plays an important role in 
tooth differentiation and development. However, the expres‑
sion level and biological role of TMEM229A in cancer remains 
unknown. The present study aimed to investigate the expression 
level of TMEM229A in non‑small cell lung cancer (NSCLC), 
as well as its effect and mechanism on NSCLC progres‑
sion. Clinical specimens from patients with NSCLC were 
enrolled from the First People's Hospital of Huzhou (Huzhou, 
China). TMEM229A expression was detected using reverse 
transcription‑quantitative PCR (RT‑qPCR), western blotting 
and immunohistochemical analysis. The relationship between 
TMEM229A expression and the survival rate of patients with 
NSCLC was analyzed using Kaplan‑Meier Plotter datasets. 
The effects of TMEM229A on cell proliferation, migration 
and invasion were detected using Cell Counting Kit‑8, colony 
formation, soft agar, real‑time cellular analysis and Transwell 
assays. The expression levels of epithelial‑mesenchymal 
transition (EMT)‑related proteins, as well as ERK and AKT 
phosphorylation were determined via RT‑qPCR and western 
blot analysis. The results demonstrated that TMEM229A 
expression was significantly downregulated in human NSCLC 
tissues and in several cell lines compared with adjacent 
normal lung tissues and BEAS‑2B cells, respectively. Survival 
analysis of lung adenocarcinoma and squamous cell lung 
carcinoma cases identified that low TMEM229A expression 

was associated with a poor prognosis. The in vitro assays indi‑
cated that overexpressing TMEM229A significantly inhibited 
cell proliferation, migration and invasion, while TMEM229A 
knockdown had the opposite effect. Mechanistically, 
TMEM229A overexpression effectively increased E‑cadherin 
expression and reduced N‑cadherin, snail family transcrip‑
tional repressor 1 and MMP2 expression, indicating that EMT 
was suppressed. In addition, overexpression of TMEM229A 
reduced the expression levels of phosphorylated (p)‑ERK and 
p‑AKT, and this effect was partially suppressed by the incor‑
poration of specific ERK inhibitor PD98059. Collectively, the 
results of the present study demonstrated that the effects of 
TMEM229A on inhibiting cell proliferation, migration and 
invasion were partially mediated by inactivating the ERK 
signaling pathway, thereby providing a potential therapeutic 
target for the treatment of NSCLC.

Introduction

Lung cancer is one of the most common malignant cancer 
types and is the leading cause of cancer‑associated mortality 
worldwide (1,2). In China, it is estimated that the number of 
lung cancer cases reached 2.2 million and 1.8 million indi‑
viduals succumbed to lung cancer in 2020 (3). Moreover, lung 
cancer is typically classified as small‑cell lung cancer (SCLC) 
and non‑SCLC (NSCLC) (2), with NSCLC being the major 
type of lung cancer and accounting for 85% of all cases (2). 
Despite significant improvements in NSCLC treatment, 
including surgery (4), chemotherapy (5,6), radiotherapy (7), 
targeted therapy (8‑10) and immunotherapy (11), the 5‑year 
survival rate of patients with NSCLC is only 15%  (2,12). 
This is due to the absence of early sensitivity and specificity 
diagnostic biomarkers (13), drug resistance (14) and distant 
metastasis  (15). Therefore, it is essential to investigate the 
molecular mechanism underlying NSCLC progression.

The transmembrane protein (TMEM) family includes 
types of proteins that span the biological membranes, most 
of which extend through the lipid bilayer of the plasma 
membrane, while others are located in the cell membranes, 
such as mitochondrial, endoplasmic reticulum, lysosomal, 
and Golgi membranes (16,17). Although the functions of most 
TMEM proteins remain unknown, the associations between 
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TMEM proteins and tumor progression have been a hotspot of 
research (17,18). Recently, several TMEM proteins have been 
revealed to act as oncogenes or tumor suppressors in NSCLC, 
and play a crucial role in the tumorigenesis and progression 
of NSCLC (17,18). For example, TMEM209, localized to the 
nuclear envelope and in the cytoplasm of lung cancer cells, is 
upregulated in lung cancer and promotes cell proliferation and 
tumor progression by interacting with nucleoporin 205 kDa (19). 
TMEM88 is a Wnt regulatory protein, and its cytosolic form 
and the methylation of TMEM88 are highly expressed in lung 
cancer, which accelerates the tumorigenesis and progression of 
lung cancer (20,21). Moreover, Liu and Zhu (22) reported that 
TMEM106A was lowly expressed in NSCLC and suppressed 
cell proliferation, migration and invasion, as well as induced 
cell apoptosis via the PI3K/AKT/NF‑κB signaling pathway. 
TMEM17 has also been demonstrated to be aberrantly 
expressed in various solid tumor types, such as lung (23) and 
breast cancer (24). Furthermore, TMEM17 has been revealed 
to be downregulated in NSCLC and to suppress cell invasion 
and metastasis by inactivating the ERK/ribosomal protein S6 
kinase A1/snail family transcriptional repressor 1 (Snail1) 
pathway (23). It has also been reported that the TMEM39AS41 
peptide contributed to cell death and suppressed tumor growth 
via the suppression of inflammation/autophagy pathways in 
lung cancer (25). In addition, our previous results revealed 
that a TMEM229A Q200del mutation was associated with 
histopathologic type and lymphatic metastasis in lung adeno‑
carcinoma (Zhang et al, unpublished data). However, to the 
best of our knowledge, the expression level and biological role 
of TMEM229A in NSCLC has not been previously studied.

The present study aimed to investigate the expression level 
of TMEM229A in NSCLC tissues and cell lines, and examine 
the relationship between TMEM229A expression and clini‑
copathological features. To this end, the biological roles and 
mechanisms of TMEM229A in the tumorigenesis of NSCLC 
were determined, providing a potential therapeutic target for 
the treatment of NSCLC.

Materials and methods

Ethical approval for the study protocol. The present study 
was approved by the Ethics Committee of The First People's 
Hospital of Huzhou, Huzhou, China (approval no. 2019012), 
and informed consent was obtained from all patients.

Patient samples. A total of 240  NSCLC and matched 
para‑carcinoma tissues (>5 cm away from the tumor) were 
obtained from patients who underwent surgical resections 
at the First People's Hospital of Huzhou (Huzhou, China) 
between January  2015 and December  2018. The NSCLC 
patients consisted of 113 females and 127 males (age range, 
27‑82 years; mean age, 63). Among them, an NSCLC tissue 
microarray (TMA), containing 189 pairs of tissues that were 
formalin‑fixed paraffin‑embedded (FFPE), was used for 
immunohistochemical (IHC) analysis, and 51 pairs of fresh 
tissues were used for reverse transcription‑quantitative (RT‑q)
PCR and western blot analysis. These patients had not received 
chemotherapy or radiation therapy prior to surgical resec‑
tion. According to the 8th edition of Union for International 
Cancer Control (UICC) (26,27), the pathological diagnosis 

was confirmed and classified by two certified pathologists 
(Professors Qilin Shi and Hui Xia, Department of Pathology, 
The First People's Hospital of Huzhou). All patients and clin‑
ical information were collected retrospectively and analyzed 
in this study, including sex, age, smoking history, tumor size, 
histological type, tumor differentiation, lymph node metas‑
tasis, cancer thrombus and TNM stage (Table I). Informed 
consent was obtained from all patients.

Kaplan‑Meier Plotter. Kaplan‑Meier Plotter (http://kmplot.
com/analysis/) is a public web server used for the validation 
of the gene prognostic power using expression data from 
independent datasets (28). All the related data were down‑
loaded from the Gene Expression Omnibus (GEO) database 
and The Cancer Genome Atlas (TCGA) (28,29). A total of 
1,233 samples of nine independent datasets were integrated, 
including 1,100 samples in GEO datasets [GSE4573  (30), 
GSE14814 (31), GSE8894 (32), GSE19188 (33), GSE3141 (34), 
GSE31210 (35), GSE29013 (36) and GSE37745 (37)] and 133 
samples in TCGA datasets (38). TMEM229A expression levels 
in patients with lung adenocarcinoma (n=601) and patients 
with squamous cell lung carcinoma (n=632) were collected 
using the Kaplan‑Meier Plotter online bioinformatics data‑
sets. Additionally, patients with lung adenocarcinoma and 
squamous cell carcinoma were divided into low or high 
TMEM229A expression groups, according to TMEM229A 
mRNA expression based on the median value. The overall 
survival was analyzed using the Kaplan‑Meier method.

Cell culture and treatment. The normal human lung epithe‑
lial cell (BEAS‑2B) and seven lung cancer cell lines (A549, 
H23, H226, 95D, H1975, PC‑9 and H1299) were purchased 
from the American Type Culture Collection. Cells were 
cultured in DMEM (cat. no. SH30243.01; HyClone; Cytiva) or 
RPMI‑1640 medium (cat. no. SH30809.01; HyClone; Cytiva) 
supplemented with 10% FBS (Gibco; Thermo Fisher Scientific, 
Inc.), 100  IU/ml penicillin and 100  µg/ml streptomycin 
(Sigma‑Aldrich; Merck KGaA) in a humidified incubator 
under 5% CO2 at 37˚C. To inhibit the ERK signaling pathway, 
cells were treated with 100%  dimethylsulfoxide (DMSO) 
as a negative control or PD98059 (ERK inhibitor; 20 µM; 
Beyotime Institute of Biotechnology) for 2 h prior to plasmid 
transfection in a humidified incubator under 5% CO2 at 37˚C.

Plasmid construction and cell transfection. To construct the 
full‑length human TMEM229A proteins, the corresponding 
TMEM229A cDNA was cloned into a pcDNA3.1/myc‑his 
vector (cat. no. V800‑20; Invitrogen; Thermo Fisher Scientific, 
Inc.). In total, two specific small interfering  (si)RNAs of 
TMEM229A (20 µM) and scrambled siRNA (referred to as 
si‑Ctrl; 20 µM) were designed and synthesized by Guangzhou 
RiboBio Co., Ltd.. Once cells reached 60‑70% confluence, 
cell transfections of different plasmids [pcDNA3.1/myc‑his 
(referred to as vector), pcDNA3.1‑TMEM229A/myc‑his 
(referred to as overexpressed  (OE)‑TMEM229A), si‑Ctrl, 
si‑TMEM229A] were carried out using Lipofectamine® 2000 
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according 
to the manufacturer's instructions. The medium was replaced 
with complete medium and transfection was performed in 
a humidified incubator under 5% CO2 at 37˚C for 6 h. In a 
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6‑well plate, 2 µg vector or OE‑TMEM229A and 50 nM si‑Ctrl 
or si‑TMEM229A plasmids were added to each well. At 24 h 
after transfection, cells were harvested for the subsequent 
experiments. The siRNA sequences used in the experiment 
were as follows: si‑TMEM229A#1 forward, 5'‑GGA​UGC​GCC​
UCU​ACU​UCU​AdT​dT‑3' and reverse, 5'‑UAG​AAG​UAG​AGG​
CGC​AUC​CdT​dT‑3'; si‑TMEM229A#2 forward, 5'‑CCU​UCG​
UCU​UCA​AUU​UCC​UdT​dT‑3' and reverse, 5'‑AGG​AAA​UUG​
AAG​ACG​AAG​GdT​dT‑3'; and si‑Ctrl forward, 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT‑3' and reverse, 5'‑ACG​UGA​CAC​
GUU​CGG​AGA​ATT‑3'.

Real‑time cellular analysis (RTCA). The RTCA xCELLLi‑
gence system (ACEA Biosciences, Inc.; Agilent Technologies, 
Inc.) was used to uninterruptedly monitor cell morphology, 
proliferation and migration in vitro in a non‑invasive manner, 

as previously described (39,40). A cell index was used to indi‑
cate the cell number and cell adhesion. As cells adhered to 
the surface of an E‑plate and influenced the electrical imped‑
ance across the array, the xCELLLigence system provided 
an electronic record and converted it into the cell index. Cell 
proliferation and migration assays were performed according 
to the manufacturer's instructions (ACEA Biosciences, Inc.; 
Agilent Technologies, Inc.).

Briefly, for cell proliferation assays, 50  µl culture 
medium was added to measure the background, and then 
6x103 A549 cells, 1x104 H23 cells or 1x104 H1299 cells trans‑
fected with different plasmids were mixed with 100 µl culture 
medium and seeded into the E‑plate. For cell migration and 
invasion assays, 165 µl culture medium was added to the lower 
chamber and 30 µl serum‑free culture medium was added to 
the upper chamber, and then the E‑plate was left to stand for 

Table I. Association between TMEM229A expression and clinicopathological characteristics of patients with non‑small cell lung 
cancer.

	 TMEM229A
	 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 N=189	 Low	 High	 χ2	 P‑value

Sex				    0.058	 0.810
  Female	 90	 53	 37		
  Male	 99	 60	 39		
Age				    1.883	 0.170
  >65	 88	 48	 40		
  ≤65	 101	 65	 36		
Smoking history				    0.690	 0.406
  Ever 	 95	 54	 41		
  Never	 94	 59	 35		
Tumor size (cm)				    0.009	 0.925
  >3.0	 54	 32	 22		
  ≤3.0	 135	 81	 54		
Histological type				    0.707	 0.863
  Squamous cell carcinoma	 47	 28	 19		
  Adenocarcinoma	 141	 94	 57		
  Large cell carcinoma	 1	 1	 0		
Tumor differentiation				    3.627	 0.043
  Well/Moderate	 146	 82	 64		
  Poor	 43	 31	 12		
Lymphatic invasion				    7.062	 0.008
  Present	 66	 48	 18		
  Absent	 123	 65	 58		
Cancer thrombus				    6.354	 0.012
  Present	 78	 55	 23		
  Absent	 111	 58	 53		
Stage				    4.217	 0.040
  I+II	 115	 62	 53		
  III+IV	 74	 51	 23		

TMEM229A, transmembrane protein 229A.
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1 h in a humidified incubator under 5% CO2 at 37˚C. The cells 
were mixed with 100 µl serum‑free culture medium and seeded 
into the E‑plate. The data were recorded using xCELLLigence 
software 2.0 (ACEA Biosciences, Inc.; Agilent Technologies, 
Inc.) and analyzed using GraphPad  Prism  5.0 (GraphPad 
Software, Inc.).

Cell proliferation assay. Cell proliferation was also assessed 
using a Cell Counting Kit‑8 (CCK‑8; Beyotime Institute of 
Biotechnology) assay, according to the manufacturer's instruc‑
tions. Briefly, 6x103 A549, 1x104 H23 or 1x104 H1299 cells 
transfected with different plasmids were seeded into 96‑well 
plates and cultured for 24, 48 and 72 h at 37˚C, followed by 
incubation with 10 µl of CCK‑8 reagent for 1 h. The absor‑
bance values were measured using a Spectra Max 190 reader 
(Molecular Devices, LLC) at 450 nm.

Clonogenic assay. The transfected A549, H23 or H1299 cells 
were seeded into 6‑well plates at a density of 1x103 cells/well 
and cultured with culture medium containing 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.) for 10 days. Cells were fixed 
in 4% paraformaldehyde for 30 min at room temperature 
and followed by staining with 1% crystal violet stain solu‑
tion (Beyotime Institute of Biotechnology) overnight at room 
temperature. Cell colonies were imaged under an inverted 
fluorescence microscope with a magnification of x20 magni‑
fication (ZEISS Axio Vert.A1; Carl Zeiss AG) and counted if 
there were >50 cells in the assay.

Soft agar assay. The cell proliferative ability was also exam‑
ined using a soft agar assay, as previously described (41,42). 
At 24 h‑post‑transfection, A549, H23 or H1299 cells were 
plated in 24‑well plates, with the bottom layer containing 
0.7% low‑melting point agarose (cat. no. 16520100; Invitrogen; 
Thermo Fisher Scientific, Inc.). Cells (1,000‑2,000 per well) 
were seeded into the medium with 0.35% agarose. After 14 days 
of incubation in a humidified incubator under 5% CO2 at 37˚C, 
cell colonies were imaged and counted if there were >50 cells 
in the assay under an inverted fluorescence microscope with a 
magnification of x20 (ZEISS Axio Vert.A1; Carl Zeiss AG).

Transwell assay. Cell migratory and invasive abilities were 
determined using a Transwell plate chamber (8 µm; Corning; 
Corning, Inc.), according to the manufacturer's protocols. For 
the migration assay, the transfected cells (5x104) were mixed in 
100 µl serum‑free culture medium and seeded into the upper 
chamber, and 600 µl complete culture medium was added to 
the lower chamber. For the invasion assay, the upper chamber 
was firstly coated with Matrigel® Matrix Basement Membrane 
(cat. no. 356234; BD Biosciences) for 4 h in a humidified incu‑
bator under 5% CO2 at 37˚C. Then, cells were seeded into the 
upper chamber, and complete medium was added to the lower 
chamber. Following 48 h incubation in a humidified incubator 
under 5% CO2 at 37˚C, the cells in the lower chamber were 
fixed in 4% paraformaldehyde for 30 min at room temperature 
and stained with 1% crystal violet stain solution (Beyotime 
Institute of Biotechnology) overnight at room temperature. 
The images were captured and the cells were decolorized with 
30% acetic acid. The absorbance values were measured using a 
Spectra Max 190 reader (Molecular Devices, LLC) at 570 nm.

RNA extraction and RT‑qPCR. Total RNA from tissues 
and cells was extracted using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.), as previously described (43). 
Briefly, samples were treated with 20% chloroform, followed 
by incubation at room temperature for 5 min. Then, samples 
were centrifuged and the aqueous phase was transferred to 
a new tube, followed by the addition of an equal amount of 
isopropanol and incubation at room temperature for 10 min. 
The pellets were dissolved in nuclease‑free water. cDNA 
was reverse transcribed using the PrimeScript RT reagent kit 
(Takara Biotechnology Co., Ltd.), according to the manufac‑
turer's protocol. RT‑qPCR was performed using UltraSYBR 
Green PCR Master mix (cat.  no.  CW0957H; CWBio) on 
an ABI 7500 system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The thermocycling conditions used for the 
qPCR were as follows: Initial denaturation at 95˚C for 10 min, 
followed by 40 cycles at 95˚C for 15 sec and 60˚C for 1 min. 
Gene expression was normalized to 18S ribosomal RNA 
(18sRNA), and the relative expression level was calculated 
using the 2‑ΔΔCq method (44). The primer sequences used in 
the experiment were as follows: TMEM229A forward, 5'‑CGA​
CCT​ACC​CCG​CTT​TCT​TTT‑3' and reverse, 5'‑GCT​CCC​ACC​
GTA​GAT​GAA​GAT‑3'; N‑cadherin forward, 5'‑AGC​CAA​
CCT​TAA​CTG​AGG​AGT‑3' and reverse, 5'‑GGC​AAG​TTG​
ATT​GGA​GGG​ATG‑3'; E‑cadherin forward, 5'‑ATT​TTT​CCC​
TCG​ACA​CCC​GAT‑3' and reverse, 5'‑TCC​CAG​GCG​TAG​
ACC​AAG​A‑3'; MMP2 forward, 5'‑GAT​ACC​CCT​TTG​ACG​
GTA​AGG​A‑3' and reverse, 5'‑CCT​TCT​CCC​AAG​GTC​CAT​
AGC‑3'; Snail1 forward, 5'‑ACT​GCA​ACA​AGG​AAT​ACC​
TCA​G‑3' and reverse, 5'‑GCA​CTG​GTA​CTT​CTT​GAC​ATC​
TG‑3'; and 18sRNA forward, 5'‑GTA​ACC​CGT​TGA​ACC​CCA​
TT‑3' and reverse, 5'‑CCA​TCC​AAT​CGG​TAG​TAG​CG‑3'.

Western blotting. Tissues or cells were lysed in RIPA buffer 
(cat.  no.  P0013B; Beyotime Institute of Biotechnology) 
containing protease and phosphatase inhibitors (Beyotime 
Institute of Biotechnology). The total protein concentration 
was quantified with a BCA assay kit (Beyotime Institute of 
Biotechnology). An equal amount of total protein (30 µg) 
was loaded and separated using 8‑12%  SDS‑PAGE. The 
proteins were transferred onto 0.45‑µm PVDF membranes 
(EMD  Millipore). The membranes were blocked with 
5% non‑fat milk at room temperature for 1 h, followed by incuba‑
tion with primary antibodies overnight at 4˚C. The membranes 
were subsequently washed with PBS (cat. no. SH30256.01; 
HyClone; Cytiva) containing 0.1%  Tween‑20, and incu‑
bated with the corresponding HRP‑conjugated secondary 
antibodies [(goat‑anti mouse IgG (H+L) antibody; 1:5,000; 
cat.  no.  A0216) or (goat‑anti rabbit IgG  (H+L) antibody; 
1:5,000; cat.  no.  A0208) both from Beyotime Institute of 
Biotechnology] at room temperature for 1 h. The images were 
visualized using an ECL reagent (cat. no. P0018S; Beyotime 
Institute of Biotechnology) and measured using a Tanon 5200 
system (Tanon Science & Technology Co., Ltd.). The relative 
expression level of proteins was normalized to β‑actin using 
ImageJ vl.6.0 software (National Institutes of Health).

The primary antibodies used in the experiment were 
as follows: Anti‑TMEM229A (1:500; cat.  no.  ab107780; 
Abcam); anti‑E‑cadherin (1:1,000; cat.  no.  20874‑1‑AP; 
ProteinTech Group, Inc.); anti‑N‑cadherin (1:1,000; 
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cat. no. 22018‑1‑AP; ProteinTech Group, Inc.); anti‑MMP2 
(1:1,000; cat.  no.  10373‑2‑AP; ProteinTech Group, Inc.); 
anti‑Snail1 (1:1,000; cat. no. 13099‑1‑AP; ProteinTech Group, 
Inc.); anti‑ERK1/2 (1:2,000; cat.  no. 4695; Cell Signaling 
Technology, Inc.); anti‑phosphorylated (p)‑ERK1/2 (1:2,000; 
cat.  no. 4370; Cell Signaling Technology, Inc.); anti‑AKT 
(1:2,000; cat.  no.  4691; Cell Signaling Technology, Inc.); 
anti‑p‑AKT (1:2,000; Ser473; cat. no. 4060; Cell Signaling 
Technology, Inc.); anti‑p‑p38 (1:2,000; Thr180/Tyr182; 
cat. no. 4631; Cell Signaling Technology, Inc.); anti‑p‑JNK 
(1:2,000; Thr183/Tyr185; cat.  no.  4668; Cell Signaling 
Technology, Inc.); anti‑p‑p65 (1:1,000; Ser536; cat. no. 3033; 
Cell Signaling Technology, Inc.), and anti‑β‑actin (1:5,000; 
cat. no. M1210‑2; Hangzhou HuaAn Biotechnology Co., Ltd.).

IHC staining. The tissues were fixed with 10% formalin over‑
night at room temperature, and the FFPE tissues were sliced 
into 5‑µm thickness sections, followed by dewaxing, hydrating 
and inactivating of endogenous peroxidase. Sections were then 
incubated with a polyclonal rabbit anti‑TMEM229A antibody 
(1:500; cat. no. PA5‑63294; Invitrogen; Thermo Fisher Scientific, 
Inc.) overnight at 4˚C in a humidified chamber. The sections 
were subsequently washed with PBS (cat. no. SH30256.01; 
HyClone; Cytiva), and incubated with the SP Rabbit & Mouse 
HRP‑conjugated secondary antibody kit (cat. no. CW2069S; 
CWBio) at room temperature for 1 h. Next, the sections were 
incubated with DAB (included in the aforementioned kit) at 
room temperature for 20 min. After washing with water, the 
sections were counterstained with hematoxylin staining solu‑
tion (cat. no. C0107; Beyotime Institute of Biotechnology) at 
room temperature for 5 min. The TMA sections were further 
imaged and digitally scanned at a magnification of x400 using 
a KF‑PRO‑005 platform (Ningbo Jiangfeng Bio‑information 
Technology Co., Ltd.) into whole slide digital images. The 
scoring of the slides was conducted using HALO Multiplex 
IHC analysis software version v3.1.1076.308 (Indica Labs). 
The intensity of TMEM229A was scored as 1 (absent or weak), 
2 (moderate) or 3 (high). The percentage of positive cells was 
assigned as 1 (<25%), 2 (25‑50%) and 3 (>50%). The score 
of each slice was multiplied to acquire a final score of 1‑9. 
A composite score of <3 was defined as TMEM229A low 
expression, and a score of ≥3 was defined as TMEM229A high 
expression.

Statistical analysis. All data are presented as the mean ± SEM 
of three independent experiments. The associations between 
TMEM229A expression and clinicopathological characteristics 
of patients were analyzed using the χ2 test, Fisher's exact test 
and Pearson rank correlation analysis. Kaplan‑Meier survival 
analysis was performed using the log‑rank test. Statistical signif‑
icance between the groups was determined using SPSS 21.0 
software (IBM Corp.) with an unpaired Student's t‑test or 
one‑way ANOVA followed by a Tukey's post hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

TMEM229A is lowly expressed in NSCLC. To determine the 
expression pattern of TMEM229A in NSCLC, the mRNA 
expression level of TMEM229A was measured in 51 paired 

NSCLC and corresponding healthy tissues via RT‑qPCR. 
Downregulation of TMEM229A was observed in 40 pairs of 
tissues, accounting for 78% of the total specimens examined 
(Fig. 1A). Consistent with the mRNA expression pattern, a 
reduced protein expression level of TMEM229A was identi‑
fied in NSCLC tissues compared with the matched adjacent 
healthy tissues in 10/12 paired samples, as determined using 
western blotting (Fig. 1B). The low expression of TMEM229A 
protein in NSCLC tissues was further confirmed via IHC 
staining analysis (Fig. 1C). Moreover, TMEM229A expression 
was measured in BEAS‑2B cells and seven NSCLC cell lines, 
including A549, H23, H1299, H226, 95D, PC‑9 and H1975. 
The mRNA and protein expression levels of TMEM229A 
were decreased in several NSCLC cell lines (A549, H23, 95D, 
H226 and H1975) compared with BEAS‑2B cells (Fig. 1D). 
Owing to the higher invasiveness of 95D, A549 and H23 
were selected for the follow‑up overexpressing experiments. 
Collectively, these data indicated that TMEM229A expression 
was downregulated in NSCLC.

Correlation between TMEM229A expression and the clini‑
copathological characteristics of NSCLC. To evaluate the 
clinical significance of TMEM229A in NSCLC, a NSCLC 
TMA containing 189 specimens was stained with TMEM229A 
antibody and scored in a standard manner, as previously 
described (45). The results indicated that 113 patients were 
classified into the low TMEM229A expression group, while 
76 patients were classified into the high TMEM229A expression 
group (Fig. 1C and Table I). Further analysis of TMEM229A 
expression and the clinicopathologic characteristics revealed 
that low TMEM229A expression was associated with tumor 
differentiation (P=0.043), lymph node metastasis (P=0.008), 
cancer thrombus (P=0.012) and TNM stage (P=0.04). However, 
there were no significant associations with sex, age, smoking 
history, tumor size and histological type (Table I).

Subsequently, Kaplan‑Meier Plotter was used to study the 
association between TMEM229A expression level and overall 
survival in patients with NSCLC. All the related data were 
downloaded from the GEO database, the EGA and TCGA. 
Patients with lung adenocarcinoma and those with squamous 
cell carcinoma were divided into low‑ or high‑TMEM229A 
expression groups, according to TMEM229A mRNA expres‑
sion. The results demonstrated that lung adenocarcinoma cases 
and squamous cell lung carcinoma cases with low TMEM229A 
expression had a poor prognosis with a shorter overall survival 
(P=0.0023 and P=0.0096, respectively; Fig. 1E and F). Thus, 
these data indicated that low TMEM229A expression was asso‑
ciated with poor prognosis in patients with lung adenocarcinoma 
and in patients with squamous cell lung carcinoma.

TMEM229A overexpression suppresses NSCLC cell 
proliferation, migration and invasion in  vitro. To inves‑
tigate the effect of TMEM229A on cell proliferation, 
TMEM229A was overexpressed in A549 and H23 cells 
(Fig. 2A and B), which had relatively low expression levels 
of TMEM229A. Subsequently, the proliferative capacity of 
TMEM229A‑overexpressing cells was measured using CCK‑8 
and RTCA assays. The results demonstrated that overexpres‑
sion of TMEM229A significantly inhibited A549 and H23 cell 
proliferation in a time‑dependent manner (Fig. 2C‑F).
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Figure 1. TMEM229 is lowly expressed in NSCLC and predicts a poor prognosis. (A) mRNA expression level of TMEM229A was detected via RT‑qPCR in 51 
paired NSCLC T and N tissues. (B) Western blot analysis of TMEM229A expression in 12 paired NSCLC T and N tissues. β‑actin was used as internal control. 
(C) Immunohistochemical staining of TMEM229A in NSCLC T and N tissues (magnification, x40 and x200). (D) RT‑qPCR and western blot analysis of 
TMEM229A expression in BEAS‑2B cells and seven NSCLC cell lines. (E and F) Kaplan‑Meier Plotter was used to map the overall survival curves for patients 
with lung adenocarcinoma (n=601, P=0.0023) and patients with squamous cell lung carcinoma (n=632, P=0.0096). *P<0.05 and **P<0.01. TMEM229A, 
transmembrane protein 229A; NSCLC, non‑small cell lung cancer; RT‑qPCR, reverse transcription‑quantitative PCR; T, tumor; N, normal.
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In addition, two TMEM229A siRNAs and si‑Ctrl were 
transfected into H1299 cells, which demonstrated relatively 
high expression levels of TMEM229A. The RT‑qPCR and 
western blot results revealed that TMEM229A expression was 
markedly decreased in the si‑TMEM229A‑transfected H1299 
cells compared with si‑Ctrl‑transfected cells (Fig. S1A and B), 
and TMEM229A knockdown significantly promoted H1299 
cell proliferation (Fig. S1C and D). Furthermore, the effects of 

TMEM229A overexpression or knockdown on cell proliferation 
were verified using cell colony and soft agar assays. The data indi‑
cated that overexpression of TMEM229A suppressed the number 
of cell colonies, while TMEM229A knockdown promoted these 
(Fig. 3A‑D). Overall, these findings indicated that TMEM229A 
plays a crucial role in the proliferation of NSCLC cells.

The potential influence of TMEM229A overexpres‑
sion or knockdown on cell migration and invasion was 

Figure 2. Overexpression of TMEM229A inhibits NSCLC cell proliferation, migration and invasion in vitro. (A) mRNA expression level of TMEM229A was 
detected via reverse transcription‑quantitative PCR in A549 and H23 cells. ***P<0.001. (B) Western blot analysis of TMEM229A expression in A549 and H23 
cells. *P<0.05. (C‑F) Cell proliferation was evaluated via Cell Counting Kit‑8 and RTCA assays in A549 and H23 cells. (G‑L) Migration and invasion were 
measured using RTCA and Transwell assays in A549 and H23 cells. *P<0.05, **P<0.01 and ***P<0.001. TMEM229A, transmembrane protein 229A; NSCLC, 
non‑small cell lung cancer; OE, overexpressed; RTCA, real‑time cellular analysis.
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then examined. It was revealed that overexpression of 
TMEM229A significantly suppressed the migration and 
invasion of NSCLC cells, as determined using Transwell 
and RTCA assays (Fig.  2G‑L), whereas knockdown 
of TMEM229A promoted the migratory and invasive 
abilities of H1299 cells compared with those in the control 
group (Fig. S1E‑G).

TMEM229A regulates the epithelial‑mesenchymal transition 
(EMT) phenotype. Considering the critical role of EMT in 
the metastasis of NSCLC (46), the present study examined 
the role of TMEM229A on EMT, and detected the expres‑
sion levels of E‑cadherin, N‑cadherin, MMP2 and Snail1. As 
demonstrated in Fig. 4A and B, TMEM229A overexpression 
significantly increased E‑cadherin expression and reduced 
N‑cadherin, Snail1 and MMP2 expression, while TMEM229A 
knockdown exerted the opposite effects. These data indicated 

that TMEM229A influenced cell migration and invasion by 
modulating the EMT phenotype.

TMEM229A knockdown promotes ERK and AKT phosphory‑
lation. To investigate the mechanisms via which TMEM229A 
promotes NSCLC progression, key factors of common 
signaling pathways were screened in NSCLC cells, including 
p38/MAPK, ERK, AKT, JNK and NF‑κB. The expression 
levels of p‑p38, p‑ERK, p‑AKT (Ser473), p‑JNK and p‑p65 
were primarily analyzed in the present study. It was revealed 
that knockdown of TMEM229A upregulated p‑ERK and 
p‑AKT (Ser473) expression in NSCLC cells, while overexpres‑
sion of TMEM229A exerted the opposite effect (Fig. 4B‑F). 
Moreover, other signaling pathways showed no obvious 
changes (Fig. S2).

Subsequent ly,  si‑TMEM229A‑t ransfected cel ls 
were treated with the ERK inhibitor PD98059, and 

Figure 3. TMEM229A influences NSCLC cell colony formation. (A‑D) The number of colonies of A549, H23 and H1299 cells was measured using colony 
formation and soft agar assays. *P<0.05 and ***P<0.001. TMEM229A, transmembrane protein 229A; NSCLC, non‑small cell lung cancer; OE, overexpressed; 
si‑Ctrl, scrambled siRNA; si‑, small interfering.
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the results demonstrated that PD98059 suppressed the 
TMEM229A‑induced ERK phosphorylation, and partly 
reversed the expression levels of E‑cadherin, N‑cadherin, 
MMP2 and Snail1 (Fig. 5A). Moreover, the Transwell assay 
results indicated that the promoting effect on cell invasive‑
ness caused by TMEM229A knockdown was also partially 
reversed by PD98059 (Fig. 5B).

Discussion

TMEM229A is a seven‑transmembrane protein with poorly 
defined biology. At present, research has revealed that 
TMEM229A serves a critical role in the development and 
differentiation of teeth (47). However, the current understanding 
of the expression and possible mechanism of TMEM229A is 
lacking, particularly with regard to that in cancer. Therefore, 
the present study aimed to investigate the expression level and 
biological role of TMEM229A in NSCLC. It was identified 
that TMEM229A was lowly expressed in NSCLC tissues 
and several cell lines, and low TMEM229A expression was 

positively associated with poor tumor differentiation, positive 
lymph node metastasis, positive cancer thrombus and advanced 
stage of patients with NSCLC, suggesting that TMEM229A 
may exert a suppressive role in NSCLC development.

Metastasis is the major cause of the poor prognosis 
of NSCLC  (48). Accumulating evidence has revealed 
that multiple TMEM proteins, such as TMEM209A  (19), 
TMEM88  (20,21), TMEM106A  (22), TMEM17  (23), 
TMEM98 (49) and TMEM48 (50), can serve as prognostic 
markers for NSCLC. In the present study, survival analysis 
using the Kaplan‑Meier Plotter online bioinformatics datasets 
revealed that patients with low TMEM229A expression had a 
poorer prognosis compared with those with high TMEM229A 
expression, suggesting that TMEM229A could be considered 
as a prognostic marker for patients with NSCLC.

EMT also plays a critical role in the NSCLC metastasis, 
and its associated proteins and MMPs are considered as 
key regulators in NSCLC invasion and metastasis  (51‑54). 
The present results demonstrated that overexpression of 
TMEM229A suppressed cell migration and invasion, and the 

Figure 4. TMEM229A regulates epithelial‑mesenchymal transition via p‑ERK and p‑AKT. (A) mRNA expression levels of E‑cadherin, N‑cadherin, MMP2 
and Snail1 were detected using reverse transcription‑quantitative PCR. (B‑F) Protein expression levels of E‑cadherin, N‑cadherin, MMP2, Snail1, p‑ERK, 
p‑AKT (Ser 473), t‑ERK and t‑AKT were detected using western blot analysis. The ratios of p‑AKT (Ser473)/t‑AKT and p‑ERK/t‑ERK were analyzed. *P<0.05 
and **P<0.01. TMEM229A, transmembrane protein 229A; OE, overexpressed; Snail1, snail family transcriptional repressor 1; si‑Ctrl, scrambled siRNA; 
si‑, small interfering; p‑, phosphorylated; t‑, total.
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EMT phenotype, as well as upregulated E‑cadherin expression 
and downregulated N‑cadherin, Snail1 and MMP2 expression 
in vitro. Collectively, these results indicated that TMEM229A 
promoted the progression of NSCLC by regulating the EMT 
phenotype.

The ERK signaling pathway exerts an oncogenic role in 
regulating the proliferation and migration of NSCLC cells (55). 
Moreover, a previous study reported that TMEM17 suppressed 
NSCLC progression via the ERK signaling pathway (23). The 
present study primarily screened for key factors of common 
signaling pathways (56‑58), and revealed that overexpression 
of TMEM229A reduced the expression levels of p‑ERK and 
p‑AKT. Furthermore, other signaling pathways demonstrated 
no obvious changes. It was also identified that the promoting 
effect on cell invasiveness caused by TMEM229A knockdown 
was partly reversed by PD98059, but PD98059 alone did not 
affect cell invasive capacity. These results were similar to 
those of a previous study (23), indicating that TMEM229A 
suppresses NSCLC progression partly by inactivating the 
ERK pathway.

However, the present study had certain limitations. For 
example, the mechanism of TMEM229A and the ERK 

signaling pathway was not fully determined. Thus, future 
studies will further investigate the underlying mechanisms of 
TMEM229A on NSCLC progression.

In summary, the present study demonstrated the suppres‑
sive role of TMEM229A in NSCLC development and 
progression. Mechanistically, TMEM229A inhibited NSCLC 
tumorigenesis, at least partly, via the inhibition of the ERK 
signaling pathway. These results suggest that TMEM229A 
may be a potential therapeutic target for NSCLC.
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