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High level of TXNDC9 predicts poor prognosis and contributes to the NF-κB-
regulated metastatic potential in gastric cancer 
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Gastric cancer (GC) is the most frequent malignant tumor in the digestive system, with high metastasis potential and 
poor prognosis. This study aimed to investigate the prognostic value and biological function of thioredoxin domain-
containing protein 9 (TXNDC9) in GC. The expression of TXNDC9 was analyzed based on The Cancer Genome Atlas 
(TCGA) database. The prognostic value of TXNDC9 was evaluated by Kaplan-Meier curves and Cox regression analysis. 
The mRNA and protein expression of TXNDC9 were analyzed using quantitative real-time PCR and western blot analysis. 
The effects of TXNDC9 on GC cell invasion and EMT were assessed in vitro, and its effects on tumorigenesis were confirmed 
using animal experiments. The activity of the NF-κB signaling pathway was examined by both in vitro and in vivo experi-
ments. TXNDC9 was highly expressed in GC tissues and cell lines. A high level of TXNDC9 was associated with poor 
overall survival and served as an independent prognostic biomarker in GC patients. The knockdown of TXNDC9 led to 
restrained GC cell invasion, microtubule formation, and EMT in vitro, and suppressed tumorigenesis in vivo. In addition, 
the NF-κB signaling pathway was demonstrated to mediate the functional role of TXNDC9 in GC. In conclusion, this study 
found that high TXNDC9 predicted poor prognosis in GC, and served as an oncogene by enhancing tumor cell invasion 
and EMT through the NF-κB signaling pathway. 
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Gastric cancer (GC) is a commonly occurring aggressive 
human malignancy, ranking the fourth most frequent malig-
nant tumor and the second leading cause of mortality due 
to cancer worldwide [1]. Despite advances in therapeutic 
strategies, GC is still difficult to cure, mainly owing to that 
most GC patients are initially diagnosed with advanced 
tumors or positive metastasis [2]. Currently, based on tumor 
progression and individual differences, GC patients receive 
personalized treatment, including surgery, chemotherapy, 
and radiotherapy [3]. However, the survival outcomes of GC 
patients remain not ideal. Thus, more efficient therapeutic 
strategies are urgently necessary for the treatment of GC. 
Molecular targeted therapy has been highlighted in cancer 
treatment in recent years, which is achieved by exploring key 
genes in the progression of various tumor progression [4]. 
Therefore, finding more functional molecules in carcinogen-
esis may provide novel insight into targeted therapies in GC.

The thioredoxin (TRX) family contains a series of redox 
proteins, which can catalyze the reversible oxidation of 
cysteine mercaptan to disulfide [5]. The proteins in this family 

have some important biological functions, such as the regula-
tion of oxidative stress, redox homeostasis, and transcrip-
tion [6, 7]. Of note, the TRX family has been found to play 
promoting effects on tumorigenesis in some malignancies [5, 
8]. Thioredoxin domain-containing protein 9 (TXNDC9), as 
a member of the TRX family, is also named phosducin-like 
protein 3 (PHLP3), which has a critical regulatory function 
in ATPase activity [9]. Recently, the role of TXNDC9 in 
cancers has been investigated, and the upregulated TXNDC9 
has been documented to play as an oncogene in the tumor 
progression in prostate cancer [10], hepatocellular carcinoma 
[11], glioma [12], and colorectal carcinoma [10]. In addition 
to the functional role of TXNDC9, it has been reported that 
the increased TXNDC9 expression could predict a poor 
prognosis of colorectal carcinoma [13]. However, the under-
standing of the relationship of TXNDC9 with GC prognosis 
and progression remains limited.

In this study, the expression and prognostic value of 
TXNDC9 were evaluated based on the data from The Cancer 
Genome Atlas (TCGA) database. Next, this study investi-
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gated the regulatory effects of TXNDC9 on GC cell invasion, 
tubule formation, and epithelial-mesenchymal transition 
(EMT), and further analyzed the underlying mechanisms. 
The analysis results may provide evidence for TXNDC9 as a 
novel prognostic indicator and a potential therapeutic target 
in GC.

Materials and methods

Bioinformatics analysis. This study used the ACLBI 
(https://www.aclbi.com/static/index.html#/) to analyze 
the data from TCGA database (https://portal.gdc.cancer.
gov/). The expression of TXNDC9 in 375 GC tissues and 
391 normal controls was compared, and the Kaplan-Meier 
survival curves for GC patients were plotted based on 
different TXNDC9 expressions.

Cell culture. Five GC cell lines, including SGC-7901, 
BGC-823, AGS, MGC-8032, and MKN-1, a human normal 
gastric epithelial cell line GES-1 and human umbilical vein 
endothelial cells (HUVECs) were purchased from the Type 
Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China) and cultured in Dulbecco’s modified 
Eagle’s medium (DMEM; HyClone, Logan, UT, USA) supple-
mented with 10% fetal bovine serum (FBS; Gibco, Logan, 
UT, USA), 100 U/ml penicillin and 100 μg/ml streptomycin 
(Invitrogen, Carlsbad, CA, USA) at 37 °C in a humidified 
atmosphere with 5% CO2.

Cell transfection and treatment. The short hairpin RNAs 
(shRNAs) against TXNDC9, including TXNDC9-shRNA1, 
TXNDC9-shRNA2, and TXNDC9-shRNA3, and the corre-
sponding negative control (shRNA-NC) were synthesized 
from GenePharma (Shanghai, China). To knock down 
TXNDC9, the synthesized shRNAs were transfected into 
AGS and MKN1 cells using Lipofectamine 3000 Transfection 
Reagent (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. AGS cells were stimulated with 
LPS at a concentration of 10 μg/mL for 24 h to enhance cell 
migration and invasion abilities [14]. After 24 h of cell trans-
fection with sh-TXNDC9, the cells were subjected to LPS 
stimulation.

RNA extraction and quantitative real-time PCR 
(qRT-PCR). Total RNA was extracted from the analyzed cells 
using Trizol (Invitrogen, Carlsbad, CA, USA). The purity 
of RNA was confirmed by calculating the ratio of OD260/
OD280, and the ratio closed to 2.0 indicated that the RNA 
could be used for further analysis. Single-stranded cDNA 
was synthesized from 1 μg RNA using a Promega cDNA core 
kit (Promega, Madison, WI, USA) following the protocols of 
the manufacturer.

The relative mRNA expression of TXNDC9 was evaluated 
using qRT-PCR, which was carried out using SYBR Premix 
ExTaq (TaKaRa Bio, Kusatsu, Japan) on a 7500 real-time 
PCR system (Applied Biosystems, Foster City, CA, USA). 
The reactions were performed using the following program: 
95 °C for 10 min, 40 cycles of 95 °C for 30 s, 60 °C for 20 s, 

72 °C for 30 s. GAPDH was used as an internal control, and 
the relative expression results were computed using the 2−ΔΔCt 
method. Following were the sequences of primers: TXNDC9 
forward: 5’-CTGCTTCAGACTACCAAACTGG-3’, reverse: 
5’-CTCTGTAGAAATGGCAAACCACA-3’; GAPDH 
forward: 5’-ATCAGCAATGCCTCCTGCAC-3’, reverse: 
5’-CGTCAAAGGTGGAGGAGTGG-3’. Each sample was 
detected 3 times.

Western blot analysis. The protein expression in AGS and 
MKN1 cells and tumor tissues was measured using western 
blot analysis. Total proteins were collected by RIPA lysis buffer 
(Beyotime, Shanghai, China), then were quantified using a 
BCA Protein Quantitation Kit (Thermo Fisher, Waltham, MA, 
USA). Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) (10%) was used to separate proteins, 
then the proteins were transferred to polyvinylidene fluoride 
(PVDF) membranes (Millipore, Billerica, MA, USA). The 
primary antibodies (Santa Cruz Biotechnology, CA, USA), 
including anti-TXNDC9 (1:100, #sc-514770), anti-VEGF 
(1:200, #sc-7269), anti-E-cadherin (1:200, #sc-8426), anti-N-
cadherin (1:200, #sc-8424), anti-Vimentin (1:200, #sc-6260), 
anti-P65 (1:200, #sc-8008), anti-p-P65 (1:200, #sc-136548), 
anti-Bcl-2 (1:200, #sc- 7382), anti-TNF-α (1:200, #sc-12744), 
anti-MIP-1β (1:100, #sc-393441), and anti-GAPDH (1:200, 
#sc-47724), were incubated with the membranes at 4 °C 
overnight after membrane blocking with 5% skim milk. Next, 
the membranes were incubated with HRP-labelled secondary 
antibody (Jackson, PA, USA) at 37 °C for 2 h. In this analysis, 
GAPDH was used as a loading control. After that, an ECL 
system (Millipore, Billerica, MA, USA) was applied for 
protein band visualization, and the ImageJ software (NIH, 
Bethesda, MA, USA) was used to quantify the protein bands.

Transwell assay. The invasive ability of AGS and MKN1 
cells was investigated using Transwell (BD Bioscience, NJ, 
USA). The upper chambers were pre-coated with Matrigel 
(BD Bioscience), and the lower chambers contained 
DMEM supplemented with 10% FBS. Cells with a density of 
2×105 cells/well in serum-free culture medium were seeded 
into upper chambers and cultured for 24 h at 37 °C. After 
that, the cells in the upper chambers were removed, and the 
cells in the lower chambers were stained and counted under 
a light microscope with a magnification of ×100.

Microtubule formation assay. HUVECs with a density 
of 5×103 cells/well were seeded into a 24-well plate, which 
was precoated with Matrigel (BD Bioscience) and contained 
GC cell culture medium under indicated conditions. After 
incubation at 37 °C for 2 h, the number of nodes was counted 
in 5 random visual fields.

In vivo tumor formation. Nude mice xenograft tumor 
models were performed in 10 SCID mice (aged 6–8 weeks, 
5 mice in each group) by subcutaneously injecting TXNDC9-
downregulated AGS cells (2×106 cells). The tumor volume was 
recorded every 5 days after inoculation. The volume of the 
tumor was calculated according to the formula (a × b2)/2, in 
which a meant the larger tumor dimension, and b meant the 
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smaller dimension. After 30 day-observation, the mice were 
sacrificed, and tumors were removed for further analyses. 
The tumor weight was evaluated, and the expression of 
TXNDC9, EMT conditions and the activity of nuclear factor 
kappa B (NF-κB) pathway were measured using western blot 
assay and immunohistochemistry (IHC) staining. The animal 
experiments were performed with the approval of the Animal 
Care and Use Committee of The First Affiliated Hospital of 
Xi’an Jiaotong University (SYXK(shan)2018-001).

IHC staining. The detailed procedures of IHC were in 
accordance with the methods previously described [15]. 
Briefly, tumor paraffin-embedded sections were deparaf-
finized and incubated in retrieval buffer to restore antigens. 
The protein expression of TXNDC9 and EMT markers was 
visualized using a Dako Real Envision Kit (Dako) after 
staining with primary antibodies (Santa Cruz Biotech-
nology, CA, USA), including anti-TXNDC9 (#sc-514770), 
anti-VEGF (#sc-7269), and anti-E-cadherin (#sc-8426). The 
IHC results were determined by the percentage of positively 
stained cells was determined by calculating the tumor cells in 
5 random visual fields.

Statistical analysis. The data were expressed as mean ± 
SD and analyzed using the SPSS 21.0 software (SPSS Inc., 
Chicago, IL, USA) and GraphPad 7.0 software (GraphPad 
Software, Inc., USA). The comparisons between two groups 
were performed using Wilcoxon test and Student’s t-test. 
The differences between multiple groups were assessed 
using Kruskal-Wallis test and one-way ANOVA followed by 
Bonferroni post hoc test. The survival curves of GC patients 
were plotted using Kaplan-Meier methods, and the different 
distribution between the curves was compared by log-rank 
test. The predictive accuracy of TXNDC9 was compared 
by time dependent receiver operating characteristic curve 
(ROC) analysis. The prognostic value of TXNDC9 was 
confirmed using univariate and multivariate Cox regression 
analysis, and a nomogram model was constructed based on 
the results from Cox analysis. The above survival analyses 
were performed using R software version v4.0.3. A p-value of 
less than 0.05 indicated statistically significant.

Results

Increased expression of TXNDC9 in GC patients. From 
TCGA database, TXNDC9 expression was analyzed in 375 
patients with GC, and the clinical characteristics are listed 
in Supplement 1 and 2. As compared to the normal controls, 
tumor tissues had significantly high levels of TXNDC9 
(p<0.001, Figure 1A). In addition, the expression of TXNDC9 
in GC patients with different pN stages was compared, and it 
was found that the expression level of TXNDC9 was strongly 
upregulated in GC patients from stage N0 to N3 compared 
with normal controls, and the highest TXNDC9 levels were 
observed in cases with N2 stage (p<0.001, Figure 1B). These 
data indicated that TXNDC9 might play a role in GC devel-
opment and progression.

Association of TXNDC9 with the overall survival of 
GC analyzed from TCGA database. Considering the differ-
ential expressions of TXNDC9 in GC patients, the relation-
ship between TXNDC9 and GC survival was evaluated using 
the survival information of TCGA database. As shown in 
Figure 1C, the median survival time of GC patients with 
high TXNDC9 was shorter than those with low TXNDC9 
(1.7 years vs. 4.5 years), indicating that high TXNDC9 was 
associated with poor overall survival (log-rank p=0.00134, 
HR=1.728, 95% CI=1.237–2.413). Moreover, the timeROCs 
showed that the area under the curve (AUC) was 0.575, 0.629, 
and 0.620 for TXNDC9 to predict the 1, 3, and 5-year survival 
of GC (Figure 1D). Furthermore, Cox regression analysis was 
conducted using the data listed in Supp. 2. The univariate Cox 
analysis results demonstrated that TXNDC9, age, pT, and pN 
stages were related with GC survival (all p<0.05, Figure 2A), 
and the multivariate Cox analysis indicated that TXNDC9, 
age, and pN stage were independent prognostic factors for GC 
patients (all p<0.05, Figure 2B). Finally, a nomogram model 
was constructed according to the variables screened from the 
multivariate Cox analysis (Figure 2C), and the C-index of the 
model was 0.673 (95% CI of 0.603–1, p<0.001). All the above 
results suggest that the aberrantly expressed TXNDC9 serves 
as an independent prognostic biomarker of GC.

Knockdown of TXNDC9 inhibits GC cell invasion and 
EMT. In addition to the clinical value of TXNDC9 in GC 
progression, this study focused on the biological function 
of TXNDC9 in GC progression. As shown in Figure 3A, 
the mRNA level of TXNDC9 was markedly augmented in 
5 GC cell lines (SGC-7901, BGC-823, AGS, MGC-8032, 
and MKN-1) compared with the normal cell line GES-1 
(all p<0.05), and the significant increase in TXNDC9 was 
observed in AGS and MKN1 cells (p<0.001 for AGS, p<0.01 
for MKN1). Thus, AGS and MKN1 cells were used for the 
following cell experiments. By cell transfection, shRNAs 
against TXNDC9 significantly decreased the mRNA and 
protein expression of TXNDC9 in AGS and MKN1 cells (all 
p<0.05), and TXNDC9-shRNA1 exhibited the best inhibition 
results (p<0.01 for mRNA expression, p<0.001 for protein 
expression; Figures 3B–3D), which was used for subse-
quent experiments. For GC cell invasion, we found that the 
knockdown of TXNDC9 in both AGS and MKN1 cells led 
to the inhibited invasion and microtubule formation abili-
ties (all p<0.01, Figures 3E, 3F). In addition, the reduction of 
TXNDC9 also attenuated the EMT of AGS and MKN1 cells, 
which was indicated by the decreased VEGF, N-cadherin, 
and vimentin, and increased E-cadherin protein levels (all 
p<0.01, Figure 3G).

TXNDC9 silencing inhibits GC cell invasion and EMT 
through the NF-κB signaling pathway. The current under-
standing of the mechanisms of TXNDC9 remains limited. 
The NF-κB signaling pathway plays a pivotal role in the 
carcinogenesis of GC [16]. In addition to the regulation of 
tumor cell proliferation, the NF-κB signaling pathway is 
associated with tumor cell motor abilities, inflammation, and 
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cell invasion, and microtubule formation abilities of AGS 
cells were all enhanced by LPS (all p<0.01), but TXNDC9 
inhibition reversed these effects caused by LPS treatment (all 
p<0.01, Figures 4D–4H).

TXNDC9 knockdown suppresses tumorigenesis in 
vivo. The xenograft tumor model was constructed and the 
tumor weight and volume were inhibited under the condi-
tion of TXNDC9 inhibition (p<0.01, Figures 5A–5C). 
Besides, the protein expression level of TXNDC9 in the 
tumors was significantly decreased by TXNDC9-shRNA1, 
and TXNDC9 knockdown inhibited the levels of VEGF with 
enhanced E-cadherin expression (both p<0.01, Figures 5D, 
5E). Furthermore, for the activity of the NF-κB signaling 
pathway, the silencing of TXNDC9 led to the inhibited ratio 
of p-P65/P65 and decreased levels of Bcl-2, TNF-α, and 
MIP-1β (all p<0.01, Figure 5F).

the immune microenvironment in carcinogenesis. Thus, the 
effects of TXNDC9 on the activity of the NF-κB signaling 
pathway were investigated by analyzing related proteins. 
As shown in Figure 4A, TXNDC9 reduction could inhibit 
the ratio of p-P65/P65, the downstream protein levels of 
Bcl-2, TNF-α, and MIP-1β in both AGS and MKN1 cells (all 
p<0.01). LPS plays stimulative effects on tumor progression, 
especially on tumor cell migration and invasion, and the 
NF-κB pathway has been demonstrated to be a key mecha-
nism of the processes [17]. By LPS treatment, the protein 
expression of TXNDC9 was significantly enhanced (p<0.01), 
while this effect was reversed by TXNDC9-shRNA1 (p<0.01, 
Figure 4B). As expected, the activity of NF-κB signaling 
was promoted by LPS (p<0.01), and the TXNDC9 knock-
down abolished the promoting effects of LPS on the NF-κB 
signaling pathway (p<0.01, Figure 4C). In addition, the EMT, 

Figure 1. Expression of TXNDC9 and its relationship with overall survival in patients with GC. A) GC tissues (n=375) had significantly higher TXNDC9 
expression than normal controls (n=391) (Wilcoxon test p=6.1e–111). B) GC patients were grouped into N0 (n=111), N1 (n=97), N2 (n=75), N3 (n=68) 
groups, and each group had significantly increased TXNDC9 levels compared with the normal controls (n=391) (Kruskal-Wallis test p=1.6e–103). 
C) Kaplan-Meier curves based on TXNDC9 expression for GC patients (log-rank p=0.00134). D) TimeROCs for TXNCD9 to predict 1, 3, and 5-year 
survival in GC patients (AUC, area under the curve).
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Discussion

Various differentially expressed molecules have been 
identified as key regulators in tumorigenesis in various 
human cancers, including GC [18]. This study analyzed 
expression data from TCGA database and found remarkably 
upregulated TXNDC9 in GC tissues compared with normal 
controls. In addition, high TXNDC9 was demonstrated to 
predict a poor prognosis of GC. In GC cell lines, the knock-
down of TXNDC9 inhibited GC cell invasion, microtubule 
formation, and EMT, and the NF-κB signaling pathway 
was significantly inactivated by TXNDC9 reduction in GC 
cells. By in vivo animal analysis, TXNDC9 silencing was 
confirmed to inhibit the tumorigenesis of GC through the 
NF-κB signaling pathway.

A large number of studies have reported that differentially 
expressed molecules in tumor development and progression 

play pivotal roles in carcinogenesis [19]. In GC, some differ-
entially expressed genes (DEGs) serve as oncogenes or tumor 
suppressors by promoting or inhibiting tumor progression. 
For example, the expression of prospero homeobox protein-1 
(PROX1) was augmented in GC tissues, and GC patients with 
high PROX1 had advanced tumor stage, positive lymphatic 
vascular invasion, and a poor prognosis, while the silencing 
of PROX1 in GC cells led to inhibited cell migration, 
invasion, and proliferation [20]. The differential expression 
homeodomain-containing gene 10 (HOXC10) was found to 
be upregulated in GC tissues and associated with decreased 
recurrence-free survival based on TCGA database, and the 
overexpression of HOXC10 could promote the proliferation 
and migration of GC cells, indicating the prognostic value 
and therapeutic potency of HOXC10 in GC [21]. The afore-
mentioned studies provide evidence for the key roles of DEGs 
in the prognosis and progression of GC. According to the 

Figure 2. A nomogram survival model was constructed based on Cox regression analysis. A, B) Univariate and multivariate Cox regression analysis 
for TXNDC9, markers related to cell growth and metastasis, and other clinical variables. C. The nomogram was constructed based on TXNDC9, age, 
and pN stage (C-index = 0.673).
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expression data from TCGA database, this study found that 
TXNDC9 expression was dramatically elevated in GC tissues 
compared to normal controls, indicating that TXNDC9 
might be involved in GC development and progression.

TXNDC9 has been described as an oncogene in the 
tumorigenesis in several carcinomas [10–12]. High TXNDC9 
expression found in prostate cancer tissues was associated 

with an advanced clinical stage, and TXNDC9 overexpres-
sion led to enhanced carcinogenesis through regulating 
the activity of androgen receptor signaling that induced by 
reactive oxygen species [10]. In hepatocellular carcinoma, 
TXNDC9 directly targets MYC, leading to the regula-
tion of MYC-mediated transcriptional activation, thereby 
promoting tumor cell proliferation [11]. The upregulation 

Figure 3. Effects of TXNDC9 on GC cell invasion and EMT. A) TXNDC9 mRNA expression was detected using qRT-PCR, and was found to be in-
creased in GC cell lines compared with the normal cell line (*p<0.05, **p<0.01, ***p<0.001 vs. GES-1). B) Three shRNAs (shRNA1, shRNA2, and 
shRNA3) against TXNDC9 were transfected into AGS and MKN1 cells and the mRNA expression of TXNDC9 measured by qRT-PCR was inhibited by 
the shRNAs in both AGS and MKN1 cells (*p<0.05, **p<0.01 vs. control). C, D) The protein expression of TXNDC9 was measured using western blot 
assay, which was inhibited by TXNDC9-shRNAs (*p<0.05, **p<0.01, ***p<0.001 vs. control). E) The shRNA1 was selected to inhibit TXNDC9 expres-
sion in subsequent cell experiments, and the cell invasion of AGS and MKN1 cells analyzed by the Transwell assay was significantly decreased by the 
knockdown of TXNDC9 (**p<0.01 vs. control). F) The number of nodes in microtubule formation analysis was decreased by the silencing of TXNDC9 
(**p<0.01 vs. control). G) TXNDC9 knockdown suppressed the EMT processes in AGS and MKN1 cells, which was demonstrated by the decreased 
VEGF, N-cad, vimentin, and increased E-cad (**p<0.01 vs. control). Each experiment was repeated at least 3 times.
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of TXNDC9 was also observed in glioma, and the knock-
down of TXNCD9 in glioma cells increased cell apoptosis 
and autophagy and promoted tumor cell differentiation 
by regulating p53 [12]. In colorectal carcinoma, oxaliplatin 
treatment led to enhanced expression of TXNDC9, and the 
manipulation of TXNDC9 significantly regulated oxaliplatin-
induced tumor cell autophagy and apoptosis, indicating the 
potential of TXNDC9 as a target to counteract oxaliplatin 
resistance [10]. In addition, the clinical value of TXNDC9 
was also previously investigated. Hepatocellular carcinoma 

patients with high TXNDC9 levels had significantly poor 
overall survival than those with low TXNDC9 levels [11]. Lu 
et al. reported that high expression of TXNDC9 was associ-
ated with poor prognosis in patients with colorectal carci-
noma [13]. However, the role of TXNDC9 in GC remains 
unknown. This study found that TXNDC9 was highly 
expressed in GC tissues (TCGA) and cell lines, indicating 
the potential oncogenic role of TXNDC9 in GC. The survival 
information collected from TCGA database showed that 
high expression of TXNDC9 predicted a poor prognosis of 

Figure 4. TXNDC9 silencing inhibits GC cell invasion and EMT through the NF-κB signaling pathway. A) The activity of the NF-κB signaling pathway 
was detected by detecting the ratio of p-P65/P65 and the levels of downstream protein (Bcl-2, TNF-α, and MIP-1β) by western blot assay, and activity 
of NF-κB signaling pathway was found to be inhibited by TXNDC9 reduction in both AGS and MKN1 cells (**p<0.01 vs. control). B) LPS was used to 
activate the NF-κB signaling pathway, and a rescue experiment was performed by cell transfection of sh-TXNDC9 in AGS cells under LPS treatment. 
The protein expression of TXNDC detected by western blot was upregulated by LPS, but this upregulation in TXNDC was abolished by sh-TXNDC9 
(**p<0.01 vs. control; ##p<0.01 vs. LPS). C) LPS induced activated NF-κB signaling pathway, which was manifested by detecting the ratio of p-P65/
P65 and the levels of downstream protein (Bcl-2, TNF-α, and MIP-1β) by western blot assay, but this activation was reversed by TXNDC9 silencing 
(**p<0.01 vs. control; ##p<0.01 vs. LPS). D, E) By examining the protein levels of VEGF, E-cad, N-cad, and vimentin, the EMT processes of AGS were 
promoted by LPS, but this effect was reversed by TXNDC9 inhibition (**p<0.01 vs. control; ##p<0.01 vs. LPS). F–H) The invasion measured by Tran-
swell assay and the tubule formation abilities of AGS cells were enhanced by LPS, but TXNDC9 knockdown abolished these effects of LPS (**p<0.01 vs. 
control; ##p<0.01 vs. LPS). Each experiment was repeated at least 3 times.
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GC, which was consistent with the survival analysis results 
in a previous publication regarding the role of TXNDC9 
in hepatocellular carcinoma [11]. Furthermore, the in vitro 
and in vivo experiments explored the functional role of 
TXNDC9 in GC progression and confirmed the oncogenic 
role of TXNDC9, which manifested by the inhibited GC 
cell invasion, microtubule formation, EMT, and tumorigen-
esis induced by TXNDC9 silencing. Similar to the previous 
reports, this study also demonstrated the tumor-promoting 
action of TXNDC9 in GC. Of note, this study focused on the 
effects of TXNDC9 on GC cell metastatic potential, which 
was different from the previous studies that analyzed the 
regulation of cell proliferation by TXNDC9 [10–12]. Thus, the 
results of this study might contribute to further understanding 
the biological function of TXNDC9 in malignant tumors.

The NF-κB signaling pathway is an important pathway 
to mediate carcinogenesis in various human malignan-
cies [16]. Some GC progression-related key genes exert 
biological function by regulating the activity of the NF-κB 
signaling pathway. For instance, Fan et al. demonstrated that 
fermitin family member 1 (FERMT1) predicted prognosis 
and promoted tumor progression through activating the 
NF-κB signaling in GC [22]. Zhang et al. have provided 
evidence for the differentially expressed zinc finger and BTB 
domain containing 20 (ZBTB20) in GC as an oncogene and 
indicated the mediating role of the NF-κB signaling pathway 
in the function of ZBTB20 [23]. Considering the regula-
tory function of TXNDC9 in the tumorigenesis of human 
cancers, this study suspected that there might be a relation-
ship between the NF-κB signaling pathway and TXNDC9. 

Figure 5. TXNDC9 inhibition suppressed tumorigenesis by in vivo experiments. A–C) Animal tumor models injected with AGS cells with shRNA-NC 
and sh-TXNDC9 were constructed, and the tumor weight and volume were inhibited by the TXNDC9 reduction in vivo (**p<0.01 vs. shRNA-NC; 
5 mice in each group). D, E) TXNDC9, VEGF, and E-cadherin protein levels were detected using IHC staining, and were significantly inhibited by 
TXNDC9-shRNA1 in the tumors (**p<0.01 vs. shRNA-NC). F) The activity of the NF-κB signaling pathway, which was detected by examining the ratio 
of p-P65/P65 and the levels of downstream protein (Bcl-2, TNF-α, and MIP-1β) by western blot assay, was inhibited by TXNDC9 reduction in vivo 
(**p<0.01 vs. shRNA-NC). Each experiment was repeated at least 3 times.
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By downregulating TXNDC9 in both in vivo and in vitro, 
the phosphorylation levels of P65 and the expression of 
downstream proteins were significantly reduced, suggesting 
the inhibitory effects of TXNDC9 silencing on the activity 
of the NF-κB signaling pathway. However, the present study 
did not further explore the mechanisms in the regulation of 
TXNDC9 in the NF-κB signaling pathway, which was one of 
the limitations of this study. Further studies need to analyze 
the interaction between TXNDC9 and the NF-κB pathway 
by co-immunoprecipitation. In previously reported research, 
TXNDC9 has been demonstrated to behave as an effector for 
some transcription factors, such as MYC, p53, and Nrf2 [11, 
12, 24]. The crosstalk of the transcription factors and NF-κB 
might be involved in the regulatory effects of TXNDC9 on 
the NF-κB signaling pathway, which needs to be analyzed 
and confirmed in future studies.

In addition, this study used LPS as an activator of the 
NF-κB signaling pathway to induce GC the activity of the 
NF-κB signaling and thereby enhancing tumor cell metas-
tasis. LPS has been documented to promote metastasis 
processes in different cancer cell types, and the NF-κB 
signaling pathway is involved in the LPS-induced tumor 
cell migration [17]. In GC cells, the NF-κB signaling 
pathway was activated by LPS and subsequently led to 
aggressive behaviors [25]. Thus, this study performed a 
pathway recovery experiment using LPS treatment, which 
led to the activation of the NF-κB signaling pathway in GC 
cells. In GC cells with reduced TXNDC9, the enhanced cell 
invasive ability, EMT, and NF-κB signaling pathway activity 
were significantly reversed. LPS has been documented to 
activate the NF-κB signaling pathway through multiple 
pathways [26, 27]. This study found that LPS-induced 
active NF-κB signaling pathway was blocked by the reduc-
tion of TXNDC9. Considering the significantly increased 
TXNDC9 expression by LPS treatment, it is wondered 
that whether TXNDC9 played a role in the regulatory 
effects of LPS on the NF-κB signaling pathway. However, 
the analysis results of this study could not give a definitive 
verdict, and the relationship between TXNDC9, LPS, and 
LPS-affected NF-κB signaling pathway needed to be verified 
with further studies. Regarding the effects of TXNDC9 on 
the NF-κB signaling pathway, the in vivo analysis in this 
study also confirmed the changes in the NF-κB signaling 
pathway under the condition of TXNDC9 downregulation. 
Overall, these data indicated that TXNDC9 may promote 
the NF-κB-regulated metastatic potential in GC.

In conclusion, this study demonstrated that TXNDC9 was 
highly expressed in GC tissues and cell lines and had predic-
tive value for the overall survival prognosis of GC. The in 
vitro and in vivo experiments demonstrated that the silencing 
of TXNDC9 inhibited GC cell invasion and EMT through 
inactivating the NF-κB signaling pathway. The results of 
this study may provide a novel prognostic biomarker and a 
candidate therapeutic target for GC. Although we provide 
evidence for the clinical role of TXNDC9, its prognostic 

performance needs to be confirmed in a large scale of valida-
tion population.

Supplementary information is available in the online version 
of the paper.
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