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TXNDC9 knockdown inhibits lung adenocarcinoma
progression by targeting YWHAG
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Abstract. Lung adenocarcinoma (LUAD) is the most
common form of lung cancer and with the highest mortality
rate. Therefore, the identification and development of
effective methods for the treatment of LUAD is of great
importance. The present study aimed to investigate the role
of thioredoxin domain‑containing protein 9 (TXNDC9) and
tyrosine 3‑monooxygenase/tryptophan 5‑monooxygenase
activation protein γ (YWHAG; also known as 14‑3‑3γ) in
the progression of LUAD. The expression of TXNDC9 and
its association with the survival of patients with LUAD was
analyzed using Encyclopedia of RNA Interactomes. Reverse
transcription‑quantitative PCR and western blot analysis
were used to detect TXNDC9 mRNA and protein expression
levels, respectively, in in vitro studies. To investigate the role of
TXNDC9 in the progression of LUAD, TXNDC9 was silenced
using small interfering RNA transfection. Furthermore, the
viability, proliferation, migration, invasiveness and apoptosis
of TXNDC9‑silenced A549 cells were detected using Cell
Counting Kit (CCK)‑8, colony formation, wound healing,
Transwell and TUNEL assays, respectively. The association
between TXNDC9 and YWHAG was analyzed using STRING
and Gene Expression Profiling Interactive Analysis databases,
as well as co‑immunoprecipitation assays. Subsequently,
YWHAG was overexpressed to similarly determine effects
of YWHAG on viability, proliferation, migration, invasive‑
ness and apoptosis of A549 cells. TXNDC9 expression was
markedly upregulated in lung cancer cells, particularly
A549 cells, and silencing of TXNDC9 expression suppressed
the viability of the lung cancer cells. The results also
revealed that TXNDC9 silencing exerted inhibitory effects
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on the viability, proliferation, migration and invasiveness of
A549 cells, whereas the apoptotic rate was increased. Similar
to TXNDC9, YWHAG expression was also upregulated in
the A549 cells. Furthermore, TXNDC9 was demonstrated
to bind to YWHAG and was positively associated with
YWHAG. YWHAG overexpression reversed the inhibitory
effects of TXNDC9 silencing on LUAD, as evidenced by
increased viability, proliferation, migration and invasive‑
ness, and decreased apoptosis, of A549 cells. The present
study demonstrated that the knockdown of TXNDC9 exerted
suppressive effects on LUAD, whereas YWHAG overexpres‑
sion reversed the inhibitory effects of TXNDC9 silencing on
LUAD. Therefore, TXNDC9 silencing may exert protective
effects against LUAD by targeting YWHAG.
Introduction
Cancer statistics released in 2018 revealed that lung cancer
is the most frequently diagnosed type of cancer, as well as a
primary cause of cancer‑associated mortality worldwide (1).
Non‑small cell lung cancer (NSCLC), the most common type
of lung cancer, comprises lung squamous cell carcinoma and
lung adenocarcinoma (LUAD) (2,3). As a major subtype of
lung cancer, LUAD accounts for >40% of lung cancer cases (4).
Although progress has been made in diagnostic and treatment
methods in recent years, the average 5‑year survival rate of
patients with lung cancer is ~18% (5). Therefore, elucidation
of the underlying mechanisms of LUAD and the identification
of more effective therapeutic strategies is of utmost urgency.
Thioredoxin domain‑containing protein 9 (TXNDC9; also
known as ATP‑binding protein associated with cell differen‑
tiation or phosducin‑like family of proteins 3), belongs to the
small, highly‑conserved and ubiquitous TRX family which
is implicated in multiple biological processes via modulating
oxidative stress response (6,7). TXNDC9 is upregulated in
numerous types of cancer, promoting their development.
For example, Feng et al (8) reported that TXNDC9 exerts
promotive effects on cell survival and proliferation of prostate
cancer. A previous study reported that TXNDC9 is upregu‑
lated in colorectal cancer (CRC) and functions as a tumor
promoter owing to its promotive role in cell proliferation
and invasiveness (9). Moreover, TXNDC9 accelerates hepa‑
tocellular carcinoma (HCC) cell proliferation, and TXNDC9
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overexpression is associated with poor prognosis of patients
with HCC (10). According to results from The Encyclopedia
of RNA Interactomes (ENCORI; https://starbase.sysu.edu.
cn/panCancer.php), TXNDC9 expression is increased in
LUAD and its high expression is associated with poor prog‑
nosis (Fig. 1A and B); therefore, it was hypothesized that
TXNDC9 may regulate the development of LUAD.
Tyrosine 3‑monooxygenase/tryptophan 5‑monooxygenase
activation protein γ (YWHAG; also known as 14‑3‑3γ) is a
member of the 14‑3‑3 protein family, a family of highly
conserved proteins that regulate signal transduction by binding
to phosphoserine‑containing proteins (11,12). YWHAG is
upregulated in gastric cancer (GC) tissue, and YWHAG
knockdown has been shown to inhibit proliferation, migra‑
tion and invasion of GC cells, and to promote apoptosis (13).
Kim et al (14) discovered that overexpression of YWHAG
promotes proliferation of breast cancer cells. Moreover,
YWHAG knockdown effectively inhibits proliferation,
migration and invasion of NSCLC (15). Results from Gene
Expression Profiling Interactive Analysis (GEPIA) suggested
that TXNDC9 is positively associated with YWHAG in
LUAD; therefore, it was hypothesized that TXNDC9 may
inhibit LUAD progression by targeting YWHAG.
The present study intended to clarify the effects of
TXNDC9 on the aggressive properties of LUAD cells and to
investigate the underlying mechanism.
Materials and methods
Cell culture, treatment and transfection. Human type II
alveolar epithelial cells (BEAS‑2B; BCRC 60074) and lung
cancer cell lines (H1975, HCC827 and A549) were purchased
from the Food Industry Research and Development Institute
(Hsinchu, Taiwan). The cells were cultured in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and
100 µg/ml streptomycin (Invitrogen; Thermo Fisher Scientific,
Inc.) at 37˚C in a humidified atmosphere with 5% CO2. All cell
lines used were verified by STR through Applied Biosystems
(Thermo Fisher Scientific, Inc.).
For transfection, 20 µM small interfering (si)RNA‑negative
control (NC; 5'‑CACUGAUUUCAAAUGGUGCUAUU‑3'),
ove r ex p r e s s i o n (O e) p l a s m i d ‑ NC , s i ‑T X NDC 9
(5'‑TTTGGTAGTCTGAAGCAGC‑3') and Oe‑YWHAG were
obtained from Shanghai GenePharma Co., Ltd. Cells were
incubated with 5% CO2 at 37˚C and were used in subsequent
experiments after 48 h of transfection. Cell transfection was
performed using Lipofectamine 2000® Transfection Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's instructions.
Western blot analysis. Total protein extraction from A549 cells
was performed using RIPA lysis buffer (Beijing Solarbio
Science & Technology Co., Ltd.) and the protein concentra‑
tions were quantified using a BCA kit (Beyotime Institute
of Biotechnology). Proteins (40 µg/lane) were separated by
12% SDS‑PAGE and then transferred onto PVDF membranes.
After blocking with 5% non‑fat milk for 2 h at room tempera‑
ture, the membranes were incubated overnight at 4˚C with the
following primary antibodies (all purchased from Abcam):

Anti‑TXNDC9 (1:5,000; cat. no. ab185959), anti‑YWHAG
(1:1,000; cat. no. ab237732), anti‑matrix metalloproteinase
(MMP)2 (1:1,000; cat. no. ab92536), anti‑MMP9 (1:1,000;
cat. no. ab76003), anti‑BCL‑2 associated X (Bax; 1:1,000;
cat. no. ab32503), anti‑B‑cell lymphoma‑2 (Bcl‑2; 1:1,000;
cat. no. ab32124) and anti‑GAPDH (1:2,500; cat. no. ab9485).
Following primary incubation, membranes were incubated
with goat anti‑rabbit horseradish peroxidase‑conjugated
IgG secondary antibody (1:5,000; cat. no. ab6721; Abcam)
at room temperature for 2 h. Protein bands were visualized
using enhanced chemiluminescence reagent (cat no. P0018AS;
Beyotime Institute of Biotechnology) and protein expression
levels were detected and semi‑quantified using ImageJ soft‑
ware (version 1.46; National Institutes of Health) with GAPDH
as the loading control.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA from was isolated from the BEAS‑2B and A549 cells
using TRIzol® reagent and reverse transcribed into cDNA
using a SuperScript™ Double‑Stranded cDNA Synthesis kit
(both Invitrogen; Thermo Fisher Scientific, Inc.). qPCR for
gene quantification was performed using SYBR Premix Ex
Taq (Takara Bio, Inc.) and an ABI 7500 Fast Real‑Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. The following ther‑
mocycling conditions were used for qPCR: 95˚C for 10 min;
followed by 40 cycles of 95˚C for 10 sec and 60˚C for 60 sec.
The following primers (purchased from GenScript) were used
for qPCR: TXNDC9 forward, 5'‑GTGAAAATGTGGT TT
GCCATT‑3' and reverse, 5'‑TGCTTT  T TCCACATTCAG
CTT‑3'; YWHAG forward, 5'‑GGAGGGTCATCAGTAGCA
TTG‑3' and reverse, 5'‑AGTTATCCAGCAGGCTCAGC‑3'
and GAPDH forward, 5'‑AGCCACATCGCTCAGACAC‑3'
and reverse, 5'‑GCCCAATACGACCAAATCC‑3'. GAPDH
served as the endogenous control and the calculation of relative
gene expression was determined using 2‑ΔΔCq method (16).
Cell Counting Kit‑8 (CCK‑8) assay. A549 cells (1x103 cells/well)
were inoculated into 96‑well plates and incubated at 37˚C for
24, 48 and 72 h. Each well was then supplemented with 10 µl
CCK‑8 reagent (Beyotime Institute of Biotechnology) and
incubated for a further 2 h. The absorbance of each well was
detected at a wavelength of 50 nm, using a microplate reader
(Bio‑Rad Laboratories, Inc.).
Colony formation assay. A549 cells were resuspended in
DMEM supplemented with 10% FBS for colony formation
assay; 5x102 cells/well were seeded in 6‑well plates and incu‑
bated at 37˚C with 5% CO2 for 14 days. Subsequently, cells
were fixated using 4% paraformaldehyde for 15 min at 37˚C
and stained with 0.5% crystal violet solution for 30 min at
room temperature. Finally, colonies (>50 cells) were counted
manually using an inverted fluorescent microscope (Nikon
Corporation; magnification, x100).
Wound healing assay. A549 cells (1x105 cells/well) were
inoculated in 6‑well plates and incubated at 37˚C until the
cell confluency reached 90‑100%. A linear scratch in the cell
monolayer was then made using a pipette tip. The cells were
washed three times with PBS to remove cellular debris and
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Figure 1. TXNDC9 is upregulated in LUAD cells. (A) Encyclopedia of RNA Interactomes revealed that TXNDC9 was upregulated in LUAD. (B) Overall
survival for high TXNDC9 expression and low TXNDC9 expression in LUAD cancer; + (low,1) represents one sample in low TXNDC9 expression group,
+ (high,1) represents one sample in high TXNDC9 expression group. Relative TXNDC9 (C) mRNA and (D) protein expression levels were measured using
reverse transcription‑quantitative PCR and western blotting, respectively. *P<0.05 and ***P<0.001. LUAD, lung adenocarcinoma; TXNDC9, thioredoxin
domain‑containing protein 9.

incubated at 37˚C and 5% CO2. Images were captured by a
light microscope at 0 and 24 h, and the area of migrated cells
in the linear scratch).
TUNEL assay. The effect of TXNDC9 silencing on A549
cell apoptosis was detected using TUNEL detection solu‑
tion (Beyotime Institute of Biotechnology) according to the
manufacturer's protocol. In brief, A549 cells (1x106 cells/well)
were fixed with 4% paraformaldehyde for 15 min at room
temperature and permeabilized in 0.25% Triton X‑100 for
20 min at room temperature. Subsequently, after cells were
rinsed with PBS, TdT solution and dUTP solution were
added and incubated at 37˚C for 1 h in the dark. Cells were
treated with 10 µg/ml DAPI for nucleus staining for 5 min at
37˚C and mounted in an anti‑fade reagent (Beijing Solarbio
Science & Technology Co., Ltd.). In total, three fields of
view were selected at random and an inverted fluorescence
microscope (magnification, x100; Olympus Corporation) was
used to observe the excitation and emission wavelengths at
450‑500 and 515‑565 nm, respectively.
Co ‑ i m m u n op recipit a t io n (co ‑ IP) a ss a y. ST RING
(string‑db.org) and GEPIA (gepia.cancer‑pku.cn) data‑
bases revealed that TXNDC9 was positively associated
with YWHAG and bound to YWHAG. To verify this,
co‑IP assays were performed. Total proteins from the

A549 cells were isolated using RIPA lysis buffer (Beijing
Solarbio Science & Technology Co., Ltd.) and quantified
using BCA kit (Beyotime Institute of Biotechnology). For
immunoprecipitation, 500 µg protein was incubated with
2 µg appropriate antibodies including TXNDC9 (1:50; cat.
no. ab185959; Abcam), YWHAG (1:200; cat. no. ab237732;
Abcam) and IgG (1:2,000; cat. no. A0208; Beyotime
Institute of Biotechnology) overnight at 4˚C. Subsequently,
40 µl Protein G/A agarose beads (Invitrogen; Thermo Fisher
Scientific, Inc.) were added to cell lysate and incubated for
2 h. After beads were washed with PBS three times, precipi‑
tated proteins were re‑suspended in 2X SDS‑PAGE loading
buffer, boiled for 5 min and eluted from the beads. Finally,
western blot analysis was used to measure the products from
IP as aforementioned.
Bioinformatics tools. ENCORI database (https://starbase.
sysu.edu.cn/panCancer.php) was used to detect TNXDC9
expression in LUAD and to analyze the association between
TNXDC9 and the overall survival rate of LUAD patients.
GEPIA database (http://gepia.cancer‑pku.cn/) was used to
explore the correlation between TNXDC9 and YWHAG
in LUAD.
Statistical analysis. Data are presented as the mean ± SD. All
experiments were performed in triplicate. Statistical analysis
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Figure 2. TXNDC9 knockdown inhibits viability and proliferation of lung adenocarcinoma cells. Relative (A) mRNA and (B) protein expression levels of TXNDC9
were measured using reverse transcription‑quantitative PCR and western blot, respectively. ***P<0.001. (C) Cell viability was detected using Cell Counting Kit‑8.
#
P<0.05, ##P<0.01 and ###P<0.001 vs. si‑NC; *P<0.05, **P<0.01 and ***P<0.001 vs. Control. (D) Proliferation was detected using colony formation assay, magnifica‑
tion, x4. ***P<0.001 vs. Control; ###P<0.001 vs. si‑NC. NC, negative control; si, small interfering; TXNDC9, thioredoxin domain‑containing protein 9.

was performed using SPSS 20.0 software (IBM Corp.). One‑way
ANOVA was used to perform statistical analysis followed
by Tukey's multiple comparisons post hoc test. The survival
of LUAD patients was subjected to Kaplan‑Meier analysis.
Correlation between TNXDC9 and YWHAG was evaluated
using Pearson's correlation analysis. P<0.05 was considered to
indicate a statistically significant difference.
Results
TXNDC9 is upregulated in LUAD cells. The results from
ENCORI suggested that TXNDC9 was markedly upregu‑
lated in LUAD cells (Fig. 1A). Additionally, poor survival
of patients with LUAD was observed in the high TXNDC9
expression group compared with the low TXNDC9 expression
group (Fig. 1B). The relative mRNA and protein expression
levels of TXNDC9 in normal lung epithelial (BEAS‑2B0
and lung cancer cells (A549, H1975 and HCC827 cells) were
detected using RT‑qPCR and western blot analysis. Compared
with BEAS‑2B normal epithelial cells, relative TXNDC9
mRNA and protein expression in lung cancer cells was signifi‑
cantly upregulated, particularly in A549 cells (Fig. 1C and D,
respectively). Therefore, A549 cells were selected for use in
subsequent experiments.
TXNDC9 knockdown inhibits viability and proliferation of
LUAD cells. To investigate the effects of TXNDC9 on LUAD
cells, A549 cells were transfected with si‑TXNDC9‑1/2. mRNA
and protein expression levels of TXNDC9 were significantly
decreased in the TXNDC9‑silenced A549 cells compared with
the si‑NC group (Fig. 2A and B). si‑TXNDC9‑2 was chosen for
the subsequent experiments as it displayed an improved inter‑
ference efficiency compared with si‑TXNDC9‑1. In addition,

CCK‑8 and colony formation assay results demonstrated that
the viability and the proliferation, respectively, of A549 cells
were significantly diminished by TXNDC9 silencing compared
with the controls (Fig. 2C and D), revealing that TXNDC9
knockdown exerted inhibitory effects on the proliferation of
LUAD cells.
TXNDC9 knockdown inhibits migration and invasion, and
promotes apoptosis, of LUAD cells. Wound healing and
Transwell assays were used to determine the relative migra‑
tion rate and invasive ability. TXNDC9 silencing significantly
suppressed the migration rate of A549 cells compared
with the si‑NC group (Fig. 3A and B); TXNDC9 silencing
similarly inhibited A549 cell invasiveness (Fig. 3C and D).
Additionally, the effects of TXNDC9 knockdown on
apoptosis of A549 cells was detected using TUNEL assay.
TXNDC9 knockdown significantly promoted apoptosis of
A549 cells (Fig. 3E and F). Moreover, the protein expression
levels of matrix metalloproteinase (MMP)2, MMP9 and
Bcl‑2 were significantly decreased by TXNDC9 knockdown,
whereas relative Bax protein expression was significantly
increased (Fig. 3G).
YWHAG is upregulated in LUAD and binds to TXNDC9.
The mRNA and protein expression levels of YWHAG
were higher in A549 LUAD cells compared with BEAS‑2B
normal lung epithelial cells (Fig. 4A and B). According to
STRING and GEIPA databases, YWHAG and TXNDC9
were co‑expressed and positively correlated with each other
(Fig. 4C and D). Considering the positive association between
YWHAG and TXNDC9, co‑IP assay was performed to verify
the binding between YWHAG and TXNDC9. TXNDC9 was
observed with anti‑YWHAG and YWHAG was observed
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Figure 3. TXNDC9 knockdown inhibits migration and invasion, and promotes apoptosis, of lung adenocarcinoma cells. (A) Wound healing and (B) quantita‑
tive analysis. (C) Transwell and (D) relative invasion rate. (E) TUNEL assay and (F) quantitative analysis. (G) Protein expression levels of MMP2, MMP9,
Bax and Bcl‑2 were detected using western blotting. **P<0.01, ***P<0.001. MMP, matrix metalloproteinase; NC, negative control; si, small interfering RNA;
TXNDC9, thioredoxin domain‑containing protein 9.
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Figure 4. YWHAG is upregulated in lung adenocarcinoma and binds to TXNDC9. (A) mRNA and (B) protein expression levels of YWHAG were measured
using reverse transcription‑quantitative PCR and western blot, respectively. (C) According to STRING database, TXNDC9 and YWHAG are co‑expressed
and (D) Gene Expression Profiling Interactive Analysis revealed that TXNDC9 was positively correlated with YWHAG. (E) TXNDC9 and YWHAG were
detected using co‑IP. (F) Protein expression of YWHAG was measured using western blotting following si‑TXNDC9 transfection. **P<0.01, ***P<0.001.
IP, immunoprecipitation; si, small interfering; NC, negative control; TPM, transcripts per million; TXNDC9, thioredoxin domain‑containing protein 9;
YWHAG, tyrosine 3‑monooxygenase/tryptophan 5‑monooxygenase activation protein γ.

with anti‑TXNDC9, revealing that TXNDC9 bound to
YWHAG (Fig. 4E). Compared with the si‑NC group, the
expression of YWHAG was decreased in TXNDC9‑silenced
A549 cells (Fig. 4F).
Y WHAG overexpression reverses the inhibitory effect
of TXNDC9 silencing on viability, proliferation, migra‑
tion and invasion of LUA D cells. A549 cells were
transfected with Oe‑YWHAG, and the relative mRNA
and protein expression of YWHAG were significantly
upregulated compared with the Oe‑NC‑transfected group
(Fig. 5A and B). Decreased cell viability and proliferation
induced by TXNDC9 knockdown were partially reversed
by YWHAG overexpression (Fig. 5C‑E), suggesting that
overexpression of YWHAG decreased the inhibitory effects
of TXNDC9 silencing on A549 cell viability and prolif‑
eration. Furthermore, compared with the si‑TXNDC9 +
Oe‑NC group, the decrease in migratory (Fig. 5F and G)
and invasive rates (Fig. 5H and I) of the A549 cells were

partially reversed following transfection with YWHAG
overexpression vector.
YWHAG overexpression reverses the promotive effects of
TXNDC9 silencing on LUAD cell apoptosis. TUNEL assay
was used to detect the effects of YWHAG overexpression
on the apoptosis of TXNDC9‑silenced A549 cells. The
results demonstrated that the increased apoptosis observed
following TXNDC9 silencing was decreased by overexpres‑
sion of YWHAG compared with the si‑TXNDC9 + Oe‑NC
group (Fig. 6A and B), which indicated that YWHAG
overexpression diminished the promotive effects of
TXNDC9 on cell apoptosis. Furthermore, the protein levels
of apoptosis‑related factors including Bax and Bcl‑2 and
metastasis‑related factors including MMP2 and MMP9 were
tested. It was found that the downregulated expression levels
of MMP2, MMP9 and Bcl‑2 were upregulated by YWHAG
overexpression, whereas upregulated Bax expression was
downregulated (Fig. 6C).
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Figure 5. YWHAG overexpression reverses the inhibitory effect of TXNDC9 silencing on the viability, proliferation, migration and invasiveness of lung
adenocarcinoma cells. (A) mRNA and (B) protein expression levels of YWHAG were measured using reverse transcription‑quantitative PCR and western
blotting, respectively. ***P<0.001 vs. Oe-NC or Control. (C) Cell viability was detected using Cell Counting Kit‑8 assay. *P<0.05, **P<0.01, ***P<0.001 vs. si-NC;
#
P<0.05 and ##P<0.01 vs. si‑TXNDC9 + Oe‑NC. (D and E) Proliferation was detected using colony formation assay. Magnification, x4. ***P<0.001 vs. si-NC;
##
P<0.01 vs. si‑TXNDC9 + Oe‑NC. (F and G) Wound healing and (H and I) Transwell assay were used to detect migration and invasiveness, respectively.
***
P<0.001 vs. si-NC; ##P<0.01 vs. si‑TXNDC9 + Oe‑NC. NC, negative control; Oe, overexpression; si, small interfering RNA; TXNDC9, thioredoxin
domain‑containing protein 9; YWHAG, tyrosine 3‑monooxygenase/tryptophan 5‑monooxygenase activation protein γ.
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Figure 6. YWHAG overexpression reverses the promotive effects of TXNDC9 silencing on lung adenocarcinoma cells apoptosis. (A) Representative images and
(B) quantitative analysis of the TUNEL assay used to examine apoptosis. (C) Protein expression levels of MMP2, MMP9, Bax and Bcl‑2 were detected using
western blot analysis. **P<0.01, ***P<0.001. MMP, matrix metalloproteinase; NC, negative control; oe, overexpression; si, small interfering; TXNDC9, thiore‑
doxin domain‑containing protein 9; YWHAG, tyrosine 3‑monooxygenase/tryptophan 5‑monooxygenase activation protein γ.

Discussion
Lung cancer poses a serious threat to human health and is one of
the most aggressive and lethal types of cancer worldwide (17).
The recorded lung cancer mortality rate increased by 464.84%
in the past 30 years in China (18). To date, effective methods
for treatment of LUAD are lacking (19). It is well documented
that TRX system protects against oxidative stress and inflam‑
mation in lung diseases (20). In addition, serum thioredoxin
level has been discovered to be elevated in on‑small cell lung
carcinoma patients (21).

Several studies have revealed that TXNDC9 has an
abnormal expression in various types of cancer (22,23).
A previous study reported that TXNDC9 expression is
upregulated a serves a key role in CRC (22). Expression
of TXNDC9 is also increased in breast cancer cells (24).
Moreover, Chen et al (10) observed that TXNDC9 promotes
HCC progression, whereas TXNDC9 knockdown inhibits
proliferation of HCC cells. Consistent with these findings, in
the present study, TXNDC9 expression was demonstrated to
be upregulated in lung cancer cells compared with normal
lung epithelial. Moreover, TXNDC9 knockdown inhibited the
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viability and proliferation of A549 cells in LUAD. Silencing
of TXNDC9 abrogated cell migration and invasion in LUAD,
accompanied by downregulated MMP2 and MMP9 protein
levels. By contrast, TXNDC9 knockdown promoted the
apoptosis of A549 cells by increasing Bax expression and
decreasing Bcl‑2 expression. These results suggested that
TXNDC9 knockdown inhibited LUAD progression, which
implied that TXNDC9 might primarily serve as an oncogene
in multiple malignancies, LUAD included.
YWHAG has been reported to be involved in various
biological processes, particularly in cancer (25). For example,
an effective treatment for skin cancer is targeting of the inter‑
action of YWHAG with CDC25A (26). YWHAG has been
shown to promote cell motility in breast cancer and inhibition
of YWHAG may serve as a novel therapeutic target for the
treatment of breast cancer (27). Qi et al (28) demonstrated that
YWHAG serves a key role in regulating cell cycle progres‑
sion and its overexpression contributes to polyploidization in
H322 lung cancer cells. In the present study, the expression
of YWHAG was upregulated in lung cancer cells, which is
consistent with a previous study (15). The elevated expres‑
sion of YWHAG in certain types of human cancer suggests
that YWHAG may function as an oncogene (29). Therefore,
YWHAG may represent an effective therapeutic target for the
treatment of lung cancer.
According to STRING and GEIPA, TXNDC9 was
co‑expressed and was positively correlated with YWHAG;
therefore, further experiments were performed to confirm this
prediction. Considering that TXNDC9 was involved in LUAD
progression, it was hypothesized that TXNDC9 may target
YWHAG to inhibit the viability, proliferation, migration and
invasiveness of lung cancer cells and promote apoptosis, thus
exerting inhibitory effects on LUAD progression. YWHAG
overexpression abolished the inhibitory effects of TXNDC9
silencing on A549 cells. However, the present study only
conducted in vitro experiments, and in vivo experiments in
mice need to be performed. It is also important to verify the
interaction between TXNDC9 and YWHAG for screening
other lung cancer cell lines. Furthermore, the present study
only investigated the effect of TXNDC9 and YWHAG inter‑
action on LUAD; other mechanisms downstream of YWHAG
need to be explored in the future.
In conclusion, the present study demonstrated that
TXNDC9 and YWHAG were upregulated in LUAD, and that
TXNDC9 bound to YWHAG. TXNDC9 knockdown inhibited
LUAD progression, and YWHAG overexpression reversed
these inhibitory effects.
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