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 Background: Glutathione peroxidase 8 (GPX8) has previously been shown to play a role in Keshan disease. In the present 
study, we explored the prognostic relevance of GPX8 expression in patients with gastric cancer (GC) based 
upon The Cancer Genome Atlas (TCGA) data.

 Material/Methods: We assessed the relationship between the expression of GPX8 and clinicopathological findings in GC patients 
via logistic regression analyses, Kruskal-Wallis tests, and Wilcoxon signed-rank tests. We further assessed the 
prognostic relevance of specific variables using Kaplan-Meier and Cox regression analyses. We lastly conduct-
ed gene set enrichment analyses (GSEA).

 Results: We detected a significant association between elevated GPX8 levels and more advanced GC tumor stage 
(OR=5.92 for I vs. IV), as well as more advanced T (OR=22.91 for T1 vs. T4) and N classification (OR=1.82 for 
N0 vs. N3). We found worse prognosis in patients expressing high levels of GPX8 relative to those with lower 
expression of this gene (P=0.021). In a univariate analysis, we found high GPX8 expression was strongly corre-
lated with worse OS (hazard ratio [HR]: 1.05; 95% confidence interval [CI]: 1.01 – 1.08; P=0.018), and multivar-
iate analysis confirmed that GPX8 expression independently predicts GC patient OS (HR: 1.04; CI: 1.00 – 1.08, 
P=0.041). GSEA revealed that elevated GPX8 expression was associated with enrichment of pathways consis-
tent with MAPK signaling, JAK/STAT signaling, TGF-b signaling, melanoma, and basal cell carcinoma.

 Conclusions: The expression of GPX8 may have prognostic relevance, being positively associated with worse OS in GC patients.
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Background

Gastric cancer (GC) is among the most prevalent forms of can-
cer globally, accounting for significant cancer-associated mor-
bidity and mortality [1]. In 2018 in the United States alone, 
there were an estimated 26 420 new GC cases and 10 800 
deaths associated with this disease [2]. Among cancer patients 
in China, cancer of the digestive tract remains the leading cause 
of death [3]. Patients in whom this disease is detected early 
often have a good chance of recovery, but in many cases, GC 
is not diagnosed until it has advanced to a later stage. A num-
ber of studies to date have sought to shed light on the mo-
lecular mechanisms governing GC development and progres-
sion, but the high degree of heterogeneity between patients 
has somewhat limited the degree to which this disease is un-
derstood [4]. As such, while there have been some advances 
in GC patient treatment, the 5-year survival rate for this dis-
ease remains fairly low, at 30 – 35% [5]. The difficulty in accu-
rately diagnosing GC in its early stages is one of the primary 
factors underlying this low 5-year overall survival (OS) rate, 
making it vital that novel diagnostic and prognostic biomark-
ers of this disease be identified to guide appropriate patient 
treatment. At present, GC diagnoses rely upon a gastroscopic 
examination and pathological assessment, necessitating pa-
tients to undergo invasive and uncomfortable procedures [6]. 
In some patients, however, even this approach can be un-
successful. Thus, it is essential that biomarkers be identified 
which can stratify patients according to their prognosis and 
risk status, so as to ensure that these patients receive appro-
priately aggressive treatment regimens as early as possible 
to improve the OS. 

GC development is a multifactorial process that proceeds 
through a number of distinct stages that are regulated by 
changes in genetic and epigenetic regulation of both protein-
coding and non-coding genes [7]. Altered DNA expression [8], 
as well as that of mRNAs [9], microRNAs (miRNAs) [10], and 
proteins [11] can impact GC progression. A number of addi-
tional signaling pathways modulate GC progression, includ-
ing the MAPK, NF-kB, and PI3K pathways [12 – 14]. These sig-
naling pathways, however, are often quite complex and their 
specific regulation in the context of GC remains incomplete-
ly understood, highlighting an opportunity of researchers to 
leverage bioinformatics approaches to explore the potential 
regulation of the genes in these pathways. 

Glutathione peroxidases (GPxs) are a family of 8 enzymes that 
are capable of reducing hydrogen peroxide molecules into wa-
ter molecules, and of reducing lipid hydroperoxides to alco-
hols. These enzymes primarily play a protective role in reducing 
the damage associated with oxidative stress within cells, and 
have been found to be closely linked to carcinogenesis [15]. 
Of these genes, GPX1 is thought to facilitate non-small cell 

lung cancer cell resistance via mediating enhanced AKT sig-
naling [16]. Reduced levels of GPX1 have also previously been 
found to be associated with poorer OS in those patients with 
GC [17]. GPX3 is the only member of this enzymatic family 
known to play an antioxidative role in the extracellular envi-
ronment [18]. A previous study found that hypermethylation 
of the GPX3 gene in GC patients was associated with a short-
er time to tumor recurrence [19]. GPX3 has also been shown 
to modulate redox signaling so as to suppress lung cancer cell 
proliferation [20]. GPX8 is a type II transmembrane peroxidase 
member of this enzymatic family that controls calcium flux, 
being expressed on the mitochondrial and endoplasmic retic-
ulum membranes [21]. The exact role of GPX8 in cancer, how-
ever, is not well understood. 

Many recent studies have identified a number of genes asso-
ciated with GC patient prognosis [22 – 24]. However, whether 
GPX8 expression has value as a prognostic biomarker in GC pa-
tients has not previously been examined. As such, in the pres-
ent study we leveraged publically available data in the TCGA 
database to explore the prognostic relevance of GPX8 expres-
sion in GC patients. We additionally used a GSEA-based ap-
proach to gain insight into the pathways associated with al-
tered GPX8 expression in GC. We ultimately found that elevated 
GPX8 expression was associated with poorer GC patient OS. 
We further determined that higher levels of GPX8 were asso-
ciated with JAK/STAT signaling, MAPK signaling, TGF-b signal-
ing, melanoma, and basal cell carcinoma. Our results suggest 
a direct link between higher GPX8 expression and a poorer 
GC patient prognosis, suggesting that analysis of the expres-
sion of this gene may be useful in guiding the treatment of 
patients with this deadly disease.

Material and Methods

RNA-seq-based data analyses

We downloaded clinical information from 443 patients with 
GC and gene expression data from 375 GC patients (Workflow 
Type: HTSeq-Counts) using the TCGA GC database. Next, Wilcox 
tests were used to screen out the genes more than 2-fold dif-
ferentially expressed between cancer tissues and normal tis-
sues in GC patients. Then, the difference in GPX8 expression 
in paired and unpaired samples was determined via the Wilcox 
test. Next, we excluded normal gastric samples, and we used 
boxplots to compare variables between patient groups [25]. We 
transformed HTSeq-FPKM data into a TPM (transcripts per mil-
lion reads) format to facilitate downstream analyses. A total of 
443 GC patient TPM values were used in downstream analyses, 
while clinical data that was not known/available were consid-
ered to be missing values. These data are compiled in Table 1.
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Protein profiling analysis

Between January and September of 2018, we collected a total 
of 20 pairs of GC and paracancerous control tissue samples 
that had been frozen and paraffin-embedded from the First 
Affiliated Hospital of Bengbu Medical College. A pathologist 
examined all samples to confirm GC diagnosis. No patients in-
volved in this analysis had undergone any preoperative treat-
ments for GC. The First Affiliated Hospital of Bengbu Medical 
College Ethics Committee and the First Affiliated Hospital of 
Bengbu Medical College approved the study (approval BYYFY-
2017KY21). Samples were transferred to the Xinhua Hospital 
affiliated with Shanghai Jiao Tong University, where manual 
dissection was used to select target tissues. Protein expres-
sion profiles in each set of samples were assessed via mass 
spectrometry (qe plus), with the maxquant analysis software 
used to identify differentially expressed proteins.

GSEA

We utilized a GSEA approach to identify those genes and path-
ways that were significantly differentially enriched between 2 
given sets of samples [26]. We first generated a list of genes 
based on their correlation with the expression of GPX8, sepa-
rating patient datasets into GPX8-high and -low groups based 
upon median levels of GPX8 in the sample cohort. A total of 
1000 gene set permutations were then conducted per analy-
sis. Enriched pathways were identified and sorted according 
to nominal p-values and normalized enrichment score (NES).

Statistical analysis

R (v.3.6.1) was used for all statistical testing and graphing. 
The expression of GPX8 was compared between paired samples 
using the Wilcoxon signed-rank test, whereas Wilcoxon rank 
sum tests were used when comparing expression of this gene 
between unpaired samples. The associations between GPX8 
expression levels and clinicopathological variables were ana-
lyzed via logistic regression analyses as well as using Kruskal-
Wallis and Wilcoxon signed-rank tests. The prognostic relevance 
of specific variables was assessed via Kaplan-Meier and Cox 

Characteristics Number of cases (%)

Age

 ³60  311 (70.2)

 <60  132 (29.8)

Gender

 Male  285 (64.3)

 Female  158 (35.7)

Grade

 G1  12 (2.8)

 G2  159 (36.6)

 G3  263 (60.6)

Clinical stage

 I  59 (14.2)

 II  130 (31.3)

 III  183 (44.0)

 IV  44 (10.6)

T classification

 T1  23 (5.3)

 T2  93 (21.5)

 T3  198 (45.7)

 T4  119 (27.5)

Table 1. TCGA gastric cancer patient characteristics.

Characteristics Number of cases (%)

N classification

 N0  132 (31.1)

 N1  119 (28.1)

 N2  85 (20.0)

 N3  88 (20.8)

Metastasis

 No  391 (92.9)

 Yes  30 (7.1)

Survival status

 Alive  244 (65.3)

 Dead  131 (34.7)

Residual tumor

 R0  298 (90.6)

 R1  15 (4.6)

 R2  16 (4.9)

Race

 White  238 (73.5)

 No White  86 (26.5)
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regression analyses. Variables assessed in these analyses in-
cluded age, gender, ethnicity, and TNM stage (T=primary tumor 
range; N=presence and degree of regional lymph node metas-
tasis; M=presence of distant metastases). For these analyses, 
median GPX8 expression was used as a cut-off to compare 
survival as a function of these variables by multivariate Cox 
regression analysis.

Results

GC patients exhibit increased GPX8 expression 

We first looked for those genes differentially expressed in GC 
patients in the TCGA database, generating heat maps and vol-
cano maps based on those genes with at least a 2-fold ex-
pression difference (Figure 1A, 1B). We found that GPX8 was 
significantly differentially expressed in cancerous tissues and 
adjacent tissues. Then, we assessed the expression levels of 
GPX8 in TCGA data available for 375 GC patients, whom we 
compared to 32 normal controls, revealing a significant in-
crease in GPX8 expression in GC (2.44-fold) (P<0.001, Figure 1C). 

We additionally compared GPX8 expression in 32 pairs of nor-
mal and GC tissues to limit the impact of individual differences 
on gene expression differences, confirming elevated GPX8 lev-
els in GC samples relative to normal tissue controls (P<0.001) 
(Figure 1D). We further confirmed that GPX8 was upregulat-
ed at the protein level by at least 2.1-fold in GC tissues based 
upon protein spectrum analyses (Figure 1E). 

Patient characteristics

We downloaded clinical information from 443 patients pres-
ent in the TCGA database, obtaining information including age, 
gender, ethnicity, residual tumor, TNM stage, clinical stage, and 
patient survival (Table 1).

The link between GPX8 levels and clinicopathologic 
variables

We analyzed data from 443 total GC patients for whom GPX8 
expression levels were available. We found that elevated GPX8 
levels were significantly associated with higher tumor T stage 
(P<0.001), clinical stage (P<0.001), histological grade (P<0.01), 
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Figure 1.  Volcano plot (A) and heat map (B) of genes differentially expressed in gastric cancer. Normal and GC tissue GPX8 expression 
in unpaired (C) and paired samples (D), as compared via Wilcoxon signed-rank tests. Protein spectrum analysis results 
comparing GPX8 expression in paired GC and paracancerous tissues (E). In all cases, GPX8 expression was elevated in GC 
samples.
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residual tumor status (P<0.05), ethnicity (P<0.05), and patient 
survival (P<0.05) (Figure 2A–2F). Indeed, elevated levels of GPX8 
expression were associated with higher tumor stage (OR=5.92 
for I vs. IV) and with more advanced T stage (OR=22.91 for T1 
vs. T4) and N stage (OR=1.82 for N0 vs. N3) (Table 2). These 
findings suggest that patients with GC who have higher ex-
pression of GPX8 are more likely to have a poorer prognosis, 
with more advanced disease than those with lower expres-
sion of this gene.

The association between GPX8 expression and patient 
survival

We next compared the survival of patients with high and low 
levels of GPX8 expression, revealing that patients with high 
GPX8 had a significantly poorer prognosis than in patients with 

low GPX8 expression levels (P=0.021) (Figure 2G). In univari-
ate analysis, we found high GPX8 expression to be correlated 
with poorer OS (hazard ratio [HR]: 1.05; 95% confidence inter-
val [CI]: 1.01 – 1.08; P=0.018). Patient age, gender, TNM stage, 
and clinical stage were also all associated with poorer survival 
(Table 3, Figure 3A). In a subsequent multivariate analysis, we 
confirmed that GPX8 expression was independently associ-
ated with OS (HR: 1.04; CI: 1.00 – 1.08, P=0.041), as were tu-
mor grade, stage, and TNM classification (Table 3, Figure 3B). 

Identification of GPX8-associated signaling pathways

We next identified signaling pathways differentially expressed 
in patients with GC as a function of GPX8 expression via GSEA, 
comparing high GPX8 and low GPX8 patient datasets. Significant 
differences (FDR<0.05, NOM P-value<0.05) in the enrichment 

Time (years)

GPX8 (p=0.021)

Overall survial

Alive

p=0.023

Survival status
Dead

0 2 4 6 8 10

1.0

0.8

0.6

0.4

0.2

0.0

Su
rv

iva
l ra

te

GP
X8

 ex
pr

es
sio

n

15

10

5

0

High expression
Low expression

No white

p=0.026

Race
White

GP
X8

 ex
pr

es
sio

n

15

10

5

0
R0

p=0.037

Residual tumor
R2R1

GP
X8

 ex
pr

es
sio

n

20

15

10

5

0

G1

p=0.007

Histologic grade
G3G2

GP
X8

 ex
pr

es
sio

n

20

15

10

5

0

T stage
Stage I

p=1.499e–04

Clinical stage
Stage IIIStage II

GP
X8

 ex
pr

es
sio

n

20

15

10

5

0
Stage IV T1

p=2.233e–05

T3T2

GP
X8

 ex
pr

es
sio

n

20

15

10

5

0
T4

A

D

G

B

E

C

F

Figure 2.  The link between GPX8 expression and clinicopathological characteristics in GC patients. Assessed variables included 
(A) clinical stage, (B) T classification, (C) grade, (D) residual tumor, (E) ethnicity. (F) Survival status. (G) The relationship 
between GPX8 expression and GC patient OS was assessed based on TCGA data.
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of the MSigDB Collection (c2. cp. kegg. v6.2. symbols) of many 
pathways were observed. We then identified those pathways 
most significantly enriched based upon NES values, revealing 
that high GPX8 expression was significantly associated with 
enrichment for MAPK signaling, JAK/STAT signaling, TGF-b sig-
naling, melanoma, and basal cell carcinoma (Table 4, Figure 4). 
In contrast, patients with low GPX8 expression exhibited en-
richment for pathways associated with peroxisomes, spliceo-
somes, base excision repair, glyoxylate and dicarboxylate metab-
olism, the pentose phosphate pathway, and TCA cycle (Table 4, 
Figure 5). For details regarding the enrichment of these path-
ways with a multi-enrichment diagram, see Figure 5G.

Discussion

An imbalance between the production of reactive oxygen spe-
cies (ROS) and the activity of antioxidative enzymes can re-
sult in cells and organisms being exposed to a state of oxida-
tive stress, potentially leading to serious cellular damage and 
death [27,28]. Such oxidative damage has been shown to influ-
ence a wide range of cellular processes, from adhesion, to me-
diating DNA damage, to proliferation and survival. GPX family 
enzymes have been shown to act as antioxidative peroxidases 
that can reduce hydrogen peroxide and lipid hydroperoxides 
to protect cells from damage [29]. Decreased expression of 

Clinical characteristics Total (N) Odds ratio in GPX8 expression P-value

T classification (T1 vs. T2) 99  14.00 (2.69–257.94) 0.012

T classification (T1vs. T3) 187  21.27 (4.24–387.10) 0.003

T classification (T1 vs. T4) 119  22.91 (4.46-420.12) 0.003

N classification (N0 vs. N1) 208  1.77 (1.02–3.08) 0.043

N classification (N0 vs. N3) 185  1.82 (1.01–3.32) 0.048

M classification (M0 vs. M1) 355  1.87 (0.82–4.52) 0.148

Stage (I vs. II) 164  3.62 (1.78-7.73) 0.001

Stage (I vs. IIII) 203  3.33 (1.69-6.95) 0.001

Stage (I vs. IV) 91  5.92 (2.42–15.29) 0.000

Age (<60 vs. ³60) 371  1.24 (0.79–1.93) 0.348

Grade (G1 vs. G2) 147  0.78 (0.21–2.92) 0.704

Survival status (alive vs. dead) 375  1.51 (0.98–2.31) 0.061

Race (no White vs. White) 324  1.56 (0.95–2.58) 0.079

Residual (R0 vs. R2) 329  2.38 (0.85–7.72) 0.115

Cancer status (tumor-free vs. with tumor) 322  1.27 (0.76–2.13) 0.361

Table 2. The link between GPX8 expression and clinicopathological characteristics (logistic regression).
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Figure. 3.  Assessment of the relationship between GPX8 expression and GC patient OS. Univariate analysis of the relationship 
between GPX8 expression and OS (A); Multivariate analysis of the relationship between GPX8 expression and OS (B).
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GPX1 has been detected in breast and prostate cancer, while 
GPX2 has been shown to suppress COX2 expression and PGE2 
expression, thereby inhibiting tumor invasion and metastasis. 
Elevated expression of GPX3 has been found to suppress the 
growth and metastatic progression of tumors, whereas many 
cancers exhibit decreased levels of GPX4 expression [30]. GPX8 
in mammals has been found to have a role in protein folding 
in the endoplasmic reticulum, but the specific mechanistic role 
of this protein in this and other contexts remains poorly un-
derstood. One suggestion is that GPX8 works together with 
GPX8 to support PDI reoxygenation during protein folding in 
the ER. Herein, we found that the expression of GPX8 is as-
sociated with GC patient prognosis, although the molecular 
mechanisms underlying this association remain to be explored.

Bioinformatics approaches were used in the present study to 
explore the prognostic relevance of GPX8 mRNA levels to GC 
patient outcomes based on the TCGA database. We found high 
GPX8 expression to be significantly associated with more ad-
vanced features of disease including more advanced TNM and 
clinical stages, as well as poorer OS. Using a GSEA approach, 
we found that high GPX8 expression was associated with sig-
nificant enrichment for MAPK, JAK/STAT, and TGF-b signaling 
pathways and for melanoma- and basal cell carcinoma-asso-
ciated pathways. In contrast, patients with low GPX8 expres-
sion exhibited a significant enrichment for pathways linked 
to peroxisomes, spliceosomes, base excision repair, glyoxylate 
and dicarboxylate metabolism, pentose phosphate pathway, 
and TCA cycle. These results suggest that GPX8 has value both 
as a prognostic biomarker and a potentially viable therapeutic 

Parameter
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age (continuous) 1.03 1.01–1.05 0.006

Gender (Male vs. Female) 1.48 0.98–2.25 0.062

Grade (G1 vs. G2/G3) 1.37 0.95–1.98 0.095 1.27 0.87–1.86 0.211

Stage (Stage I vs. Stage II/
Stage III/Stage IV)

1.54 1.22–1.93 0.000 1.38 0.89–2.14 0.148

T (T1 vs. T2/T3/T4) 1.30 1.02–1.65 0.032 0.99 0.72–1.36 0.938

M (M0 vs. M1) 2.05 1.10–3.83 0.025 1.45 0.65–3.25 0.365

N (N0 vs. N1/N2/N3) 1.27 1.07–1.50 0.006 1.06 0.83–1.36 0.621

GPX8 (low vs. high) 1.05 1.01–1.08 0.018 1.04 1.00–1.08 0.041

Table 3. Univariate analysis and multivariate analysis of the correlation of GPX8 expression with OS among gastric cancer patients.

Gene set name NES NOM P-value FDR P-value

KEGG_BASAL_CELL_CARCINOMA 1.978 0.000 0.008

KEGG_MELANOMA 1.964 0.000 0.009

KEGG_TGF_BETA_SIGNALING_PATHWAY 1.852 0.000 0.024

KEGG_PATHWAYS_IN_CANCER 1.846 0.008 0.024

KEGG_MAPK_SIGNALING_PATHWAY 1.796 0.004 0.034

KEGG_JAK_STAT_SIGNALING_PATHWAY 1.749 0.013 0.045

KEGG_PEROXISOME –2.110 0.000 0.016

KEGG_SPLICEOSOME –2.053 0.002 0.013

KEGG_BASE_EXCISION_REPAIR –1.989 0.000 0.018

KEGG_GLYOXYLATE_AND_DICARBOXYLATE_METABOLISM –1.906 0.002 0.026

KEGG_PENTOSE_PHOSPHATE_PATHWAY –1.856 0.004 0.027

KEGG_CITRATE_CYCLE_TCA_CYCLE –1.782 0.021 0.045

Table 4. Gene sets enriched in low-GPX8 and high-GPX8 patients.
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Figure 4.  (A–F) GSEA enrichment plots. A number of different pathways and processes were significantly enriched in GC patients as 
a function of GPX8 expression, including MAPK signaling, JAK/STAT signaling, TGF-b signaling, melanoma, and basal cell 
carcinoma.
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Enrichment plot: KEGG_BASE_EXCISION_REPAIR
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target in GC patients owing to its association with MAPK and 
JAK/STAT signaling.

MAPK/ERK signaling is well known to be associated with 
the proliferation, differentiation, migration, and survival of 
cells [31,32]. A wide range of cytokines, hormones, and oth-
er extracellular inputs can induce MAPK signaling, which is a 
complex process consisting of 4 primary signal transduction 
pathways: ERK, JNK, p38MAPK, and ERK5 signaling. ERK sig-
naling in particular is involved in regulating cellular growth 
and differentiation, and is regulated by Ras/Raf signaling. Our 
present results suggest there is crosstalk between MAPK sig-
naling and GPX8. Whether there is synergy or complementa-
ry effects between these 2 pathways, however, remains to be 
determined, as does the specific mechanistic link tying these 
pathways together. Additional future efforts will thus be need-
ed to explore how GPX8 expression is associated with the reg-
ulation of MAPK pathway genes and additional genes in the 
context of GC.

Figure 5.  (A–G) GSEA enrichment plots. A number of different pathways and processes were significantly enriched in GC patients, 
including peroxisomes, spliceosomes, base excision repair, glyoxylate and dicarboxylate metabolism, pentose phosphate 
pathway, and TCA cycle.
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Previous work by Guo et al. [33] and others has shown that 
mRNA expression levels alone do not always reliably predict 
protein expression. Due to limitations with the way our study 
was designed, we were not able to rigorously explore the link 
between mRNA and protein levels of GPX8. We additionally 
failed to conduct any in vitro or in vivo experiments examin-
ing the molecular role of GPX8 in GC, and further studies are 
required to examine these mechanisms.

Conclusions

In summary, our results highlight the potential value of GPX8 
expression as a prognostic biomarker of poorer GC patient 
outcomes. Our findings suggest that altered GPX8 expres-
sion is associated with regulation of the MAPK, JAK/STAT, and 
TGF-b signaling pathways. Additional studies are needed to 
validate the biological relevance of GPX8 in the context of GC 
and other cancers.
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