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Purpose: The role of the peroxiredoxin (PRDX) family in oral squamous cell carcinoma 
(OSCC) remains unclear. This study aimed to investigate the expression of PRDXs and their 
effects on the prognosis in OSCC.
Methods: The expression of PRDXs and their effects on prognosis were analysed in 216 OSCC 
samples from The Cancer Genome Atlas (TCGA) database. OSCC tissues and adjacent non
cancerous tissues (ANTs) were obtained from 68 clinical patients. Quantitative real-time (qRT)- 
PCR, Western blot, and immunohistochemical (IHC) staining were used to verify the relationship 
between the expression level of PRDX1 and different clinical features. Gene set enrichment 
analysis (GSEA) was used to examine the molecular mechanism of PRDX1 in OSCC.
Results: PRDX1 was found to be the only gene in PRDX family that highly expressed in 
OSCC samples and affected the prognosis of patients with OSCC. PRDX1 expression was 
significantly related to tumor stage, lymphatic metastasis, and pathological grade. 
A nomogram consisting of tumor stage, N stage, and PRDX1 level was constructed. 
GSEA showed that high expression of PRDX1 involved many cancer-related molecular 
functions and signaling pathways.
Conclusion: PRDX1 may play an important role in the occurrence and development of 
OSCC, and may be a potential new target for OSCC treatment.
Keywords: peroxiredoxin 1, oral squamous cell carcinoma, lymph node metastasis, 
prognosis, nomogram

Introduction
Head and neck cancer (HNC) is the seventh most common tumor with a high 
mortality rate worldwide.1 Oral squamous cell carcinoma (OSCC) accounts for 
approximately 95% of all HNCs and affects approximately 400,000 people 
every year.2 Although significant advances in surgery and other adjuvant treatments 
have greatly improved OSCC outcome, the 5-year survival rate of patients with 
OSCC remains less than 60%.3 An important risk factor contributing to the high 
mortality in OSCC is lymphatic metastasis, and the incidence of lymphatic metas
tasis in patients with OSCC is approximately 30%.4 The molecular mechanisms of 
tumor metastasis in OSCC remain unclear and the therapeutic targets are still 
unknown, making it difficult to prevent and treat metastasis in OSCC.5 Therefore, 
further evaluation of OSCC biomarkers is of great significance.

An imbalance between the production of reactive oxygen species (ROS) and 
their elimination through protective mechanisms can lead to oxidative stress.6 
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Somatic mutations may occur under continuous stimula
tion by peroxides that may further promote tumor 
formation.7 Interestingly, although oxidative stress pro
motes tumors, increased ROS level also presents 
a significant challenge to the survival of tumor cells.8 

Redox homeostasis is also extremely important in tumor 
development.9 Due to the increased metabolism in tumors, 
tumor cells produce more ROS, however, elevated ROS 
clearance rates have been observed in many tumors and 
cancer cell lines to counteract the slightly higher levels of 
ROS that exist under normal physiological conditions.10

The redox homeostasis in tumors depends on endogen
ous antioxidants.11 Peroxiredoxins (PRDXs) are one of 
many enzymatic antioxidant systems present in different 
organelles. They use the thioredoxin (Trx)/Trx reductase/ 
NADPH system as a reducing equivalent to remove H2O2 

and promote or inhibit tumorigenesis by regulating the 
level of ROS, depending on the type of cancer. To date, 
a total of six isoforms have been identified in the PRDX 
family including PRDX1, PRDX2, PRDX3, PRDX4, 
PRDX5, and PRDX6.12 PRDXs are distributed in various 
locations in cells; PRDX1, 2, and 6 are mainly located in 
the cytoplasm and nucleus, PRDX3 is expressed only in 
the mitochondria, PRDX4 is expressed in the endoplasmic 
reticulum, and PRDX5 is expressed in the cytoplasm and 
mitochondria.13 Several studies have found that PRDXs 
play important roles in redox homeostasis, cell differentia
tion, proliferation and apoptosis in several human tumor 
types, including lung, hepatocellular, breast, prostate and 
colon.14–18 some PRDXs also promote cell invasion and 
metastasis in many malignant tumors, high expression of 
PRDX2, PRDX5 and PRDX6 all promote metastasis of 
colorectal cancer.19–21 PRDX3 is associated with metasta
sis in uveal melanoma.22 Additionally, Increasing number 
of studies have found that PRDXs affect the prognosis of 
patients with various types of tumors, including breast, 
liver, ovarian, and gastric cancers.23–26 PRDX1, PRDX2, 
and PRDX6 have also been reported to be highly 
expressed in OSCC.27–29 To date, few studies have inves
tigated the relationship between the PRDX family and 
metastasis and prognosis of OSCC.

In this study, we analyzed the expression of PRDX 
family members in 216 patients with OSCC from The 
Cancer Genome Atlas (TCGA) database. We found that, 
among the PRDX family members, PRDX1 showed the 
strongest impact on the prognosis of patients with OSCC, 
and was also significantly related to lymphatic metastasis, 

tumor stage, and pathological grade, suggesting that 
PRDX1 may potentially serve as an effective prognostic 
biomarker for patients with OSCC. Finally, we established 
a prognostic model of OSCC based on PRDX1. We further 
confirmed these results using 68 pairs of OSCC tissues and 
adjacent noncancerous tissues (ANTs).

Materials and Methods
Data Acquisition and Processing
The mRNA expression data and the corresponding clin
ical data of OSCC samples were obtained from the 
TCGA database. After deleting samples with low gene 
expression and those with incomplete clinical data, 
a total of 216 OSCC samples and 22 normal samples 
were obtained. A total of 68 pairs of OSCC tissues and 
ANTs were also collected from Beijing Stomatological 
Hospital of Capital Medical University. This research 
complied with the Declaration of Helsinki and was 
approved by the Research Ethics Committee of Beijing 
Stomatological Hospital of Capital Medical University 
(Approval No. CMUSH-IRB-KJ-PJ-2018-01). Patients 
were selected according to the following criteria: (1) 
patients pathologically diagnosed with OSCC, with no 
history of tumors in any other part; (2) patients with 
OSCC who underwent primary tumor resection and 
neck lymphatic dissection but did not receive previous 
adjuvant therapy such as radiotherapy and/or chemother
apy; and (3) patients with complete follow-up data. The 
tissues obtained during the operation were immediately 
frozen in liquid nitrogen for storage until quantitative 
real-time PCR and Western blot analysis. As all the 
patients were in M0 stage, patients in N0 stage were 
defined as the non-metastatic group, and patients in N1, 
N2, and N3 stages were defined as the metastatic group.

Transcriptional Levels of the PRDX 
Family Members
For normalization, the ‘apply’ function in R studio was 
performed to convert the counts data of all genes expres
sion into transcripts per million (TPM) format for all the 
samples in TCGA cohort, and the mRNA expression 
values of PRDX1, PRDX2, PRDX3, PRDX4, PRDX5 
and PRDX6 were extracted for further analysis. The 
expression differences of these six genes were compared 
separately between normal group and tumor group, as well 
as between metastatic group and non-metastatic group.
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Prognostic Analysis of Patients with 
OSCC
To explore the relationship between expression levels of 
PRDXs and overall survival rate of patients with OSCC, the 
samples in the TCGA cohort were divided into high and low 
expression groups based on the median mRNA expression 
value of each PRDX. Kaplan-Meier (KM) analysis was 
performed for survival curve and the significance was deter
mined by Log rank test. In order to further evaluate the 
prognostic hazard ratio and 95% confidence intervals of 
each PRDX in patients with OSSC, PRDX1, PRDX2, 
PRDX3, PRDX4, PRDX5 and PRDX6 were included in 
univariate Cox proportional-hazards regression analysis.

Western Blot Analysis
Proteins from 68 pairs of OSCC tissues and ANTs were 
extracted using radioimmunoprecipitation assay (RIPA) 
lysis buffer containing a proteinase inhibitor cocktail 
(Sigma, USA). Total protein concentration was determined 
using the Bradford method. Equal amounts of total protein 
from each sample were loaded onto a 10% gel for sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE) separation and transferred to polyvinylidene difluor
ide (PVDF) membranes. The membranes were blocked 
with 5% skimmed milk for 1 h at 25°C, and then incubated 
with primary antibodies (rabbit anti-PRDX1, 1:2000 dilu
tion, rabbit anti-HSP90, 1:5000 dilution, Abcam, USA) at 4 
°C overnight. Next, the membranes were incubated with 
secondary antibodies: 1:2000 dilution (Amersham 
Biosciences, USA) for 1h and visualized using enhanced 
chemiluminescence reagent (Bio-Rad, USA).

Quantitative Real-Time Transcription 
(qRT)-PCR
Total RNA was extracted from 68 pairs of OSCC tissues and 
ANTs using TRIzol (Invitrogen Life Technologies, USA) 
reagent according to the manufacturer’s instructions. cDNA 
was synthesized using a High-Capacity cDNA Reverse 
Transcription Kit (Applied Biosystems, USA). PRDX1 and 
GAPDH expression levels were determined by qRT-PCR 
using SYBR Green (Qiagen, Germany). The sequences for 
the primers used were as follows: PRDX1 (forward 5ʹ- 
GGGTATTCTTCGGCAGATCA-3ʹ, reverse 5ʹ-TCCCCA 
TGTTTGTCAGTGAA-3ʹ), and GAPDH (Forward 5ʹ- 
AGGTCGGTGTGAACGGATTTG-3ʹ, reverse 5ʹ-TGTAG 
ACCATGTAGT TGAGGTCA-3ʹ). Gene expression was cal
culated using the 2−ΔΔCT method.

Immunohistochemical (IHC) Staining
IHC staining was performed to detect the expression of 
PRDX1 in different pathological grades of tissues from the 
68 pairs of OSCC tissues and ANTs. The tissues were 
fixed in formalin and embedded in paraffin. After antigen 
retrieval, all the tissue sections were blocked with goat 
serum, and then incubated with rabbit anti-PRDX1 
(1:1000 dilution, Abcam, USA) primary antibody at 4 °C 
overnight. Next, the sections were incubated with 
a horseradish peroxidase (HRP)-conjugated secondary 
antibody (MaiXin, China) at 37 °C for 30 min. Finally, 
diaminobenzidine tetrahydrochloride (DAB; MaiXin, 
China) was used as a chromogenic substrate for staining, 
and hematoxylin was used for counterstaining.

The sections were evaluated under a microscope 
(Olympus, Tokyo, Japan). Three fields were randomly 
selected at a magnification of 200× magnification. Image 
Pro Plus software was used to calculate the mean optical 
density (MOD, MOD = integral optical density/measure
ment area).

Correlation Between PRDX1 Expression 
Level and Clinicopathological 
Characteristics
The chi-square test was performed to analyse the relation
ship between age, gender, pathological grade, tumor stage, 
T stage, N stage, and PRDX1 expression levels. Then, 
clinical features in the chi-square test (P < 0.05), and 
PRDX1 expression level were all included in the Cox 
proportional-hazards regression analysis. A nomogram 
based on factors with P < 0.05 in Cox regression analysis 
was generated to predict the prognosis of patients with 
OSCC, and the ROC curve and calibration chart were 
used to evaluate the prognostic performance of the 
nomogram.

Gene Set Enrichment Analysis (GSEA)
GSEA was performed using GSEA 4.1.0 software to ana
lyse the gene ontology (GO), HALLMARK molecular 
mechanisms, and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathways related to PRDX1 in OSCC 
samples. The MSigDB gene set of ‘c5.all.v7.2.symbols. 
gmt’, ‘h.all.v7.2.symbols.gmt, ‘and ‘c2.cp.kegg.v7.2.sym
bols.gmt’ were used, and terms with P < 0.05 and FDR < 
25% were considered to be significantly enriched.
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Statistical Analysis
R studio (version 4.0.2), GraphPad Prism 8.0.2, and IBM 
SPSS® Statistics (version 25) software were used to analyse 
mRNA and protein expression data. The KM method, Log 
rank test, and Cox regression method were used to correlate 
clinicopathological data with the outcomes of patients with 
OSCC. Chi-square analysis was conducted to analyse the 
relationship between PRDX1 expression levels and clinical 
characteristics. The quantitative data in this study are 
expressed as mean ± standard deviation (SD). Statistical 
significance was set at P < 0.05. ***P < 0.001, **P < 0.01, 
*P < 0.05.

Results
The Expression Levels of PRDXs in 
TCGA Cohort
The expression of PRDXs between OSCC and normal tis
sues was compared in the TCGA cohort. The expression of 
PRDX1, PRDX4, and PRDX5 was significantly (P <0.05) 
higher in OSCC tissues, whereas that of PRDX2 was sig
nificantly higher in the ANTs. There was no significant 
difference in the expression of PRDX3 and PRDX6 between 
OSCC tissues and ANTs (Figure 1A–F). Then, the differ
ences in PRDXs expression between non-metastatic and 

metastatic groups were analysed in the TCGA cohort. The 
results showed that except for PRDX5, the expression of 
PRDX1, PRDX2, PRDX3, PRDX4, and PRDX6 were sig
nificantly (P <0.05) higher in the metastatic group (Figure 2).

Prognostic Analysis Based on PRDX 
Expression
The effect of PRDXs on the overall survival rate of 
patients with OSCC was analysed in the TCGA cohort 
using the KM method. The results showed that patients 
with high expression of PRDX1, PRDX3, and PRDX6 had 
significantly lower overall survival rates (Figure 3A–F). 
Univariate Cox proportional-hazards regression analysis 
was further performed to evaluate the effect of PRDXs 
on the prognosis of patients with OSCC. PRDX1 and 
PRDX6 were found to affect the prognosis of patients as 
high-risk genes, and PRDX1 had the highest hazard ratio 
(hazard ratio: 1.950, P < 0.001) (Figure 3G).

PRDX1 Expression Level in Different 
Clinical Stages and Pathological Grades
To further confirm the correlation between PRDX1 expres
sion and prognosis in OSCC, qRT-PCR was used to ana
lysed the mRNA expression of PRDX1 in the testing cohort 

Figure 1 The expression levels of PRDX family of normal tissues (blue) and tumor tissues (red) in OSCC (TCGA cohort). (A) PRDX1; (B) PRDX2; (C) PRDX3; (D) 
PRDX4; (E) PRDX5; (F) PRDX6. (*P<0.05; **P<0.01)
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Figure 2 The expression levels of PRDX family of non-metastasis group (blue) and metastasis group (red) in OSCC (TCGA cohort). (A) PRDX1; (B) PRDX2; (C) PRDX3; 
(D) PRDX4; (E) PRDX5; (F) PRDX6. (*P<0.05; ***P<0.001)

Figure 3 The role of PRDXs in the overall survival and prognosis in patients with OSCC (TCGA cohort). (A–F) Kaplan–Meier method and the Log rank test for PRDXs; 
(G) Cox proportional hazards regression analysis for PRDXs.
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consisting of 68 OSCC tissues and matched ANTs. The 
results showed that the expression level of PRDX1 mRNA 
in OSCC tissues was significantly upregulated (Figure 4A). 
The KM method revealed that upregulation of PRDX1 sig
nificantly affected the overall survival rate of these patients 
(Figure 4B). The result of Western blot also showed that 
compared to ANTs, PRDX1 protein level was increased in 
majority of the OSCC tissues (Figure 4C and D).

Furthermore, the differences in PRDX1 mRNA expres
sion at different clinical stages and pathological grades were 
evaluated in the TCGA cohort. With the development of 
lymphatic metastasis, mRNA expression of PRDX1 was 
upregulated to varying degrees (Figure 5A), and it was 
also significantly upregulated in higher clinical stages and 
poorly differentiated samples (Figure 5B and C). qRT-PCR 
of the 68 OSCC tissues showed similar results (Figure 5D– 
F). In addition, as shown in Figure 6A and B, Western blot 
analysis revealed that protein expression of PRDX1 was 
upregulated in cases with severe lymphatic metastasis. IHC 
staining showed that high expression of PRDX1 was asso
ciated with poor differentiation (Figure 6C–F).

Relationship Between PRDX1 Expression 
Level and Clinicopathological Features
To evaluate the correlation between the expression level of 
PRDX1 and clinicopathological characteristics, chi-square 

test was performed on the clinical information and PRDX1 
expression levels in TCGA cohort and confirmed the same 
in the testing cohort of 68 patients with OSCC. The results 
showed that gender, tumor stage, and N stage were signifi
cantly correlated with PRDX1 expression levels in TCGA 
cohort (Table 1). In the testing cohort, tumor stage, N stage 
and pathological grade were also found to be significantly 
correlated with PRDX1 expression level (Table 2). Next, 
the clinical features, including gender, pathological grade, 
tumor stage, and N stage, were all included into the Cox 
proportional-hazards regression analysis. The result 
showed that tumor stage and N stage were significantly 
associated with the prognosis of patients with OSCC 
(Figure 7A).

Establishment of Nomogram
To further clarify the effect of PRDX1 on the prognosis of 
patients with OSCC, a nomogram was constructed with 
PRDX1 expression level, tumor stage and N stages to predict 
the 1-, 3-, and 5-year survival rates of patients with OSCC 
from the TCGA cohort, and was confirmed in the testing 
cohort (Figure 7B). The area under the curve (AUC) of ROC 
analysis in TCGA cohort was 0.620, 0.725, and 0.703 for 1-, 
3-, and 5-year survival, respectively, and 0.678, 0.716, and 
0.702 in the testing cohort (Figure 7C and D). This suggests 
that the nomogram optimally predicted the 1-, 3-, and 5-year 

Figure 4 The expression level of PRDX1 in ANTs and OSCC tissues and the relationship between PRDX1 level and overall survival in patients with OSCC (testing cohort). 
(A) mRNA expression of PRDX1 by qRT-PCR; (B) Survival analysis by Kaplan-Meier method; (C and D) Protein expression of PRDX1 by Western blot. (**P<0.01)
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Figure 6 The relationship between PRDX1 level and N stage and pathological grade was further verified by Western blot and IHC staining. (A and B) the expression level 
of PRDX1 in different N stage by western bolt; (C–F) the expression level of PRDX1 in different pathological grade by IHC staining. (*P<0.05; **P<0.01)

Figure 5 The expression level of PRDX1 in different N stages, tumor stages, and pathological grades. (A) N stage in TCGA cohort; (B) Tumor stage in TCGA cohort; (C) 
Pathological grade in TCGA cohort; (D) N stage in testing cohort; (E) Tumor stage in testing cohort; (F) Pathological grade in testing cohort. (*P<0.05; **P<0.01; 
***P<0.001)
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survival rates of patients with OSCC in both TCGA and 
testing cohorts.

GSEA Between PRDX1 High and Low 
Expression Groups
GSEA was used to analyse the molecular mechanism of 
PRDX1 in OSCC. The results showed that high expression 
of PRDX1 not only improved cell respiration, oxidoreduc
tase activity, electron transport chain, ATP synthesis, and 
other mitochondrial-related functions, but also signifi
cantly correlated with EMT, glycolysis, KRAS signaling, 
and ROS. Low expression of PRDX1 was significantly 
associated with immune-related functions, such as lym
phocyte migration, CD4+ T cells, and tumor necrosis 
factor (Figure 8A and B).

In addition, downregulation of PRDX1 also partici
pates in many immune-related signaling pathways, such 
as T and B cell receptor signaling pathways, as well as cell 
adhesion molecules and ECM receptor interaction. The 
upregulation of PRDX1 was significantly associated with 
basic transcription factors, spliceosomes, cell cycle, gly
colysis, and DNA replication (Figure 8C).

Discussion
As the oral and maxillofacial region is abundant in lym
phatic system, OSCC is very prone to lymphatic metasta
sis, and surgical methods have limited therapeutic effects 
on metastatic tumors.30,31 Therefore, it is very important to 
identify precise biomolecular targets for predicting metas
tasis, and treatment of OSCC.

Extensive research in the past has revealed the complex 
relationship between oxidative stress and tumorigenesis. 
Owing to the abnormal metabolism in tumors, tumor cells 
exhibit elevated ROS levels that is balanced by increasing 
antioxidant capacity, thereby promoting tumor 
development.32 Many studies have shown that PRDXs 
act as powerful antioxidant enzymes and organic hydro
peroxide scavengers, as all PRDXs contain cysteine (Cys) 
as the primary site of oxidation and can be classified into 
1-Cys and 2-Cys types based on the number of conserved 
Cys residues participating in the redox reaction.33 

However, whether PRDXs can serve as prognostic biomar
kers for OSCC remains unknown.

In this study, to explore the correlation between 
PRDXs and OSCC prognosis, gene expression data for 

Table 1 Correlation Between Expression Level of PRDX1and Clinical Characteristics in TCGA Cohort

Category Low Expression (n=108) High Expression (n=108) Total (n=216) P-value

Age Mean=60.97±11.81 Mean=61.67±12.36 1.000
<60 49(22.7%) 49(22.7%) 98(45.4%)

≥60 59(27.3%) 59(27.3%) 118(54.6%)

Gender 0.039
Male 68(31.5%) 82(38.0%) 150(69.5%)
Female 40(18.5%) 26(12.0%) 66(30.5%)

Grade 0.262
G1 17(7.9%) 11(5.1%) 28(13.0%)

G2+G3 91(42.1%) 97(44.9%) 188(87.0%)

Tumor stage <0.0001
I+II 36(16.7%) 9(4.2%) 45(20.9%)

III+IV 72(33.3%) 99(45.8%) 171(79.1%)

T stage 0.074
T1+T2 53(24.5%) 40(18.5%) 93(43.0%)

T3+T4 55(25.5%) 68(31.5%) 123(57.0%)

N stage <0.0001
N0 56(25.9%) 24(11.1%) 80(37.0%)

N1+N2+N3 52(24.1%) 84(38.9%) 136(63.0%)

Status <0.0001
Alive 78(36.1%) 53(24.5%) 131(60.6%)

Dead 30(13.9%) 55(25.5%) 85(39.4%)

Note: P <0.05 is indicated in bold.
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216 OSCC and 22 normal samples were obtained from 
TCGA data. We found that the expression of PRDX1, 
PRDX4, and PRDX5 was significantly upregulated in the 
OSCC samples compared to that in the normal samples, 
whereas the expression of PRDX2 was downregulated in 
OSCC samples, and there was no significant difference in 
the expression of PRDX6 between normal oral and OSCC 
samples. Our results for PRDX2 and PRDX6 were differ
ent from those of some previous studies.27,28,34 The func
tions of PRDX2 and PRDX6 in tumor progression remain 
controversial.35 PRDX2 and PRDX6 have been reported to 
be highly expressed in a variety of tumors including 
OSCC.28,29 High expression of PRDX2 or PRDX6 pro
motes metastasis of colorectal cancer.19,21 However, some 
studies have showed the down-regulation of PRDX2 can 
enhance the proliferation and migration of hepatocellular 
carcinoma, and is related to the poor prognosis of patients. 
Loss of PRDX6 in mice can enhance the susceptibility to 
skin tumorigenesis, whereas overexpression of PRDX6 in 
keratinocytes of transgenic mice has the opposite 
effect.36,37 Further research is needed to investigate the 
roles of PRDX2 and PRDX6 in OSCC. We further 

compared the differences in the expression of PRDXs 
between the OSCC metastatic and non-metastatic groups. 
The results showed that, except for PRDX5, the other five 
members of PRDX family were all upregulated in the 
metastatic group. KM method and univariate Cox propor
tional hazard regression analysis revealed that patients 
with high expression of PRDX1, PRDX3, and PRDX6 
had significantly lower overall survival rates. Notably, 
PRDX1 was the only gene in the PRDX family that was 
not only highly expressed in OSCC tissues, and closely 
related to metastasis, but was also a high-risk factor affect
ing OSCC survival outcomes.

PRDX1 is an important member of the PRDX family, 
and its catalytic activity and protein sequence are different 
from those of the other antioxidants. PRDX1 has two 
conserved 2-Cys residues with redox activity, and the 
conserved N-terminal cysteine (Cys52-SH) is easily oxi
dized to Cys52-SOH by H2O2, while the H2O2 is reduced 
to water, reducing peroxides and other ROS molecules 
through thioredoxin, thus exerting a powerful role in 
scavenging free radicals.38 PRDX1 is highly expressed in 
many types of human malignant tumors, such as cervical 

Table 2 Correlation Between Expression Level of PRDX1and Clinical Characteristics in Testing Cohort

Category Low Expression (n=34) High Expression (n=34) Total (n=68) P-value

Age Mean=57.70±14.12 Mean=61.88±9.98 1.000
<60 15(22.1%) 15(22.1%) 30(44.2%)

≥60 19(27.9%) 19(27.9%) 38(55.8%)

Gender 0.770
Male 27(39.7%) 26(38.2%) 53(77.9%)
Female 7(10.3%) 8(11.8%) 15(22.1%)

Pathological grade 0.042
G1 16(23.5%) 8(11.8%) 24(35.3%)

G2+G3 18(26.5%) 26(38.2%) 44(64.7%)

Tumor stage <0.0001
I+II 15(22.1%) 2(2.9%) 17(25.0%)

III+IV 19(27.9%) 32(47.1%) 51(75.0%)

T stage 0.808
T1+T2 17(25.0%) 16(23.5%) 36(48.5%)

T3+T4 17(25.0%) 18(26.5%) 32(51.5%)

N stage 0.001
N0 17(25%) 4(5.9%) 21(30.9%)

N1+N2+N3 17(25%) 30(44.1%) 47(69.1%)

Status 0.003
Alive 30(44.1%) 19(27.9%) 49(72.0%)

Dead 4(5.9%) 15(22.1%) 19(28.0%)

Note: P <0.05 is indicated in bold.
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cancer, hepatocellular carcinoma, and ovarian cancer, and 
affects the prognosis of patients.39–41 PRDX1 may also 
promote tumor invasion and metastasis in a variety of 

tumors, such as osteosarcoma and colorectal cancer.42,43 

In addition, some studies have also revealed that PRDX1 
is closely related to metastasis of OSCC.44,45

Figure 8 GSEA results showed the molecular mechanism of PRDX1 in OSCC. (A) GO; (B) Hallmarks; (C) KEGG pathways.

Figure 7 The establishment of a nomogram that can predict the 1-, 3-, and 5-year survival rates of patients with OSCC. (A) Cox proportional hazards regression analysis 
for PRDX1 and clinical features; (B) A nomogram containing Tumor stage, N stage and PRDX1 level; (C and D) The accuracy of nomogram in the TCGA cohort and testing 
cohort was verified by the ROC curve.
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To further verify the correlation between PRDX1 and 
OSCC, we performed Western blot and qRT-PCR analyses 
in the testing cohort of 68 pairs of clinical OSCC tissues 
and ANTs. The results showed that PRDX1 was highly 
expressed in OSCC tissues and affected the overall survi
val rate of these patients, which was consistent with the 
results in the TCGA data. Moreover, we found that high 
expression of PRDX1 was also related to late tumor stage, 
severe lymph node metastasis, and poor differentiation in 
OSCC. Consistently, Chi-square analysis also showed that 
tumor stage, N stage, and pathological grade were signifi
cantly correlated with PRDX1 expression. This further 
demonstrates that PRDX1 may serve as a prognostic bio
marker for OSCC.

In view of the prognostic value of PRDX1 in OSCC, 
we constructed a nomogram using PRDX1 levels in com
bination with high-risk clinicopathological factors that 
have a significant impact on the prognosis in TCGA cohort 
and confirmed the results in the testing. We found that 
pathological grade was significantly related to PRDX1 
expression, but it was not a significant risk factor for 
patient survival. However, the ROC curve showed that 
the nomogram optimally predicted the 1-, 3-, and 5-year 
survival rates of patients with OSCC in both TCGA and 
testing cohorts.

To further explore the molecular mechanism of PRDX1 
in OSCC, GSEA was performed. We observed that in addi
tion to oxidoreductase activity, high expression of PRDX1 
was mainly involved in mitochondrial-related functions, 
such as ATP biosynthetic process, cellular respiration, and 
mitochondrial protein complex. Some studies have shown 
that mitochondria play an important role in the development 
of tumors, although the mitochondrial genome in most 
tumors changes and causes mitochondrial dysfunction. 
Increasing evidence suggests that abnormal mitochondria 
in cancer cells are involved in mitochondrial apoptosis, 
adaptation to the hypoxic microenvironment, glycolysis or 
oxidative phosphorylation, and metastasis.46,47 In addition, 
the results of GSEA also showed that PRDX1 is related to 
many pathways and hallmarks related to cancer, such as cell 
cycle, DNA replication, E2F targets, and EMT. As 
a transcription factor, E2F plays an important role in the 
occurrence and development of cancer by regulating the cell 
cycle and apoptosis.48 PRDX1 promotes the EMT process 
of gastric cancer by inhibiting the expression of E-cadherin, 
and promotes cell proliferation and metastasis by enhancing 
Akt/mTOR in human osteosarcoma cells.49,50 Our previous 
study also confirmed that PRDX1 promotes the invasion 

and migration of tobacco-related OSCC by regulating the 
EMT process.51 PRDX1 knockdown significantly inhibited 
cervical metastasis rate of tongue cancer, upregulated 
E-cadherin expression, and downregulated the expression 
of vimentin and Snail in the tongue and lymph nodes of 
mice.52 However, low expression of PRDX1 is mainly 
associated with lymphocyte migration, immune receptor 
activity, B-cell and T-cell receptor signaling pathways, 
inflammatory responses, and other immune-related func
tions or pathways. These results further confirm that high 
expression of PRDX1 promotes OSCC.

Conclusion
In summary, PRDX1 is significantly related to tumor 
stage, lymph node metastasis, and pathological grade, 
and affects the prognosis of patients with OSCC. The 
nomogram constructed based on PRDX1 expression 
showed good performance in predicting the prognosis of 
patients with OSCC. Our findings have clear implications 
for the application of PRDX1 as a biomarker for predict
ing lymph node metastasis and prognosis of patients with 
OSCC. Further clinical studies are required to validate 
these conclusions.
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