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Abstract

Overexpression of peroxiredoxin 1 (Prx1) has been observed in numerous cancers including oral squamous cell carcinoma
(OSCCQ). The precise molecular mechanism of up-regulation of Prx1 in carcinogenesis, however, is still poorly understood.
The objective of this study is to investigate the relationship between Prx1 and hypoxia, and potential mechanism(s) of Prx1
in OSCC cell line SCC15 and xenograft model. We treated wild-type and Prx1 knockdown SCC15 cells with transient hypoxia
followed by reoxygenation. We detected the condition of hypoxia, production of reactive oxygen species (ROS), and
expression and/or activity of Prx1, heme oxygenase 1 (HO-1) and nuclear factor-kappa B (NF-«xB). We found that hypoxia
induces ROS accumulation, up-regulates Prx1, increases NF-kB translocation and DNA binding activity, and down-regulates
HO-1 in vitro. In Prx1 knockdown cells, the expression level of HO-1 was increased, while NFkB translocation and DNA
binding activity were decreased after hypoxia or hypoxia/reoxygenation treatment. Moreover, we mimicked the dynamic
oxygenation tumor microenvironment in xenograft model and assessed the above indices in tumors with the maximal
diameter of 2 mm, 5 mm, 10 mm or 15 mm, respectively. Our data showed that tumor hypoxic condition and expression of
Prx1 are significantly associated with tumor growth. The expression of HO-1 and NF-«kB, and NF-kB DNA binding activity
were significantly elevated in 15 mm tumors, and the level of 8-hydroxydeoxyguanosine was increased in 10 mm and
15 mm tumors, compared to those in size of 2 mm. The results from this study provide experimental evidence that
overexpression of Prx1 is associated with hypoxia, and Prx1/NF-kB/HO-1 signaling pathway may be involved in oral
carcinogenesis.
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Introduction and antioxidant enzyme systems, such as superoxide dismutase,

catalase and thioredoxin/peroxiredoxin [9].
Oral squamous cell carcinoma (OSCC) is the most common

head and neck cancer worldwide. Despite of the advantages of
surgery, chemotherapy and radiotherapy, the 5-year survival rate
of OSCC has not improved markedly in the past 30 years [1-3].
Metastasis and chemotherapy/radiotherapy resistance are still
main concerns in clinical cancer therapy. Hypoxia, a common
feature of cancer, promotes tumor cell invasion and metastasis in
tumor microenvironment leading to the resistance of tumor cells to
chemotherapy and radiotherapy [4,5]. It has been reported that
the pathological features including active invasiveness, lymph node
metastasis and vascular proliferation are associated with tumor
tissue hypoxia in OSCC [6,7]. Exposure to hypobaric hypoxia

Peroxiredoxins (Prxs) are a superfamily of multifunctional
antioxidant thioredoxin-dependent peroxidases. Peroxiredoxin 1
(Prx1) is a major member in Prxs family and acts as an antioxidant
to scavenge ROS in a wide range of organisms. Prx1 is involved in
multiple biological conditions/activities including oxidative stress,
cell proliferation and cell apoptosis [9]. Prx1 is overexpressed in
many malignancies including esophagus, lung, breast and pancre-
atic cancers. Elevated Prx1 expression is associated with dimin-
ished overall survival and poor clinical outcome [10,11].
Opverexpression of Prxl has also been reported in OSCC, but
the precise molecular mechanism of Prx1 in oral carcinogenesis
remains obscure [12]. The expression of nuclear factor-kappa B
leads to a significant increase in production of reactive oxygen (NF-kB) and Heme oxygenease-1 (HO-1) are increased in OSCC
species (ROS) in animals. The accumulation of ROS induced by [13,14]. Numerous studies showed that NF-kB responses to
hypoxia can result in oxidative stress and tumor progression [8]. hypoxia-reoxygenation in viro [15]. NF-kB can be regulated by
The ROS-mediated response can be regulated by antioxidants Prx1, through its initial activation in cytoplasm [16] or by altering
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the concentration of oxidant leading to the oxidative inactivation
of NF-xB [17]. HO-1, a 32-kDa heat shock protein, can catalyze
the oxidative degradation of heme to biliverdin, which is
subsequently reduced to bilirubin. HO-1 can be induced by
hypoxia, heat shock and cytotoxic oxidants [18,19]. HO-1 is one
of the targets of NF-kB under stressful conditions [20-23].
Although the mechanism of Prxl in oxidant stress is not clear,
multiple evidences suggest that Prx1 may response to hypoxia and
regulate NF-xB pathway cascade. In this study, we investigated the
alteration of Prxl in response to hypoxia and evaluated the
potential correlations between Prx1 and NIF-kB/HO-1 using oral
cancer cell system and xenograft model.

Materials and Methods

Cell culture

Human OSCC cells, SCC15, (ATCC, Manassas, VA) were
maintained in DMEM-F12 supplemented with 10% (v/v) fetal
bovine serum (FBS) (Gibco, USA) containing 100 units/mL
penicillin and 100 pg/mL streptomycin. SCC15 cells were grown
at 37°C in an atmosphere of 5% COy and 95% air. To knock
down Prxl, SCCI15 cells were transfected with Prxl shRNA
Plasmid (Santa Cruza Biotechnology) using Lipofectamine 2000
(Invitrogen, USA) according to the manufacturer’s instructions.
Control shRNA Plasmid-A (Santa Cruza Biotechnology) was
transfected as control. The efficiency of Prx1 shRNA knockdown
was determined by qRT-PCR and western blot analyses.

Pimonidazole staining in SCC15 cells

Cells were grown on coverslips for 24 h prior to hypoxia
treatment. During hypoxia treatment, cells were put in a hypoxia
incubator with gas containing 1% Oy, 5% COq and 94% Ny at
37°C for different periods of time. 200 UM of pimonidazole was
added to the medium and incubated for 30 min. After washed
with PBS, cells were fixed with paraformaldehyde (3%) at room
temperature for 10 min and subsequently washed again with PBS.
After blocked with BSA, coverslips were incubated with hypoxyp-
robe-1 mouse monoclonal antibody MABI (1:100) in the
Hypoxyprobe-1 Plus kit (Chemicon Int., Temecula, CA) over-
night. A secondary FITC-conjugated anti-mouse antibody was
used. Coverslips were mounted and immunostained cells were
examined on an Olympus IX71 microscope (Tokyo, Japan).

ROS detection

The production of intracellular ROS in cells was measured with
2',7'-dichlorodihydrofluorescein diacetate (DCF-DA) using FACS
analysis. The SCC15 cells were collected and suspended in 500 uL
diluted DCF-DA. The mixture was incubated at 37°C for 20 min
and then washed twice with PBS. The samples were analyzed by
flow cytometer within 1 h. Data was normalized to the values from
controls. The mean DCF fluorescence intensity was measured with
excitation at 488 nm and emission at 525 nm. The experiments
were performed in triplicate.

Immunofluorescence

Cells grown on coverslips were rinsed with PBS, fixed and
permeabilized in acetone at —20°C for 10 min. After incubation
with PBS containing 5% BSA for 1 h, monoclonal anti-NF-xB
antibody (Cell Signaling Technology, 1:100 in PBS-BSA) was
added at 4°C and incubated overnight. Coverslips were washed
with PBS, incubated with Alexa Fluor 546 anti-rabbit (Molecular
Probes, 1:500) secondary antibody at room temperature for 1 h,
and mounted in Dako Cytomation fluorescent mounting medium.
Confocal images were collected using a Leica SP2 laser scanning
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confocal microscope equipped with UV excitation, an argon laser,
2 633/1.32 OIL PH3 CS objective, and a confocal pinhole set at 1
Airy unit. All the confocal images were single optical sections.

Xenograft model

Forty male BALB/c¢ nude mice (Beijing Vital River Laborato-
ries, China) were used to produce tumorigenicity of the SCC15
cells in vivo. The experiment protocol was approved by the local
ethical committee for animal use. The SCC15 cells (6x10°% were
suspended in 100 uL. of phosphate-buffered saline and were
transplanted subcutaneously in the right and left flanks of 4-week
old nude mice. The tumor growth was monitored every 3 days
after transplantation. The tumors were harvested when the
maximal diameter of tumors reached 2 mm, 5 mm, 10 mm or
15 mm, respectively. To label hypoxic cells, the nude mice were
mjected intraperitoneally with 0.1 mL saline containing pimoni-
dazole hydrochloride (1-[(2-hydroxyl-3-piperidinyl) propyl)-2-ni-
troimidazole hydrochloride) at a dosage of 60 mg/kg body weight
1 hour before tumor excision. Mice were implemented euthanasia
and the tumor specimens were removed and immediately stored in
liquid nitrogen for molecular/cellular analysis, or in formalin to
make paraffin-embedded tissue blocks. Total 80 tumors were
divided into four groups according to the tumor diameter (20
tumors/size).

Pimonidazole staining in tumors

The paraffin-embedded blocks with tumor samples were
sectioned for pimonidazole staining. The sections were incubated
with primary rabbit anti-pimonidazole antiserum hypoxyprobe-1
MABI1 (dilution: 1:50; Chemicon, USA) at 4°C overnight. To
evaluate the condition of hypoxia, five representative light
microscopic areas were computed on each section (magnification
x200) and the mean optical density (MOD) was calculated using
the Image Pro Plus 7.0 analyzer, MOD =10D/area.

qRT-PCR analysis

Total RNA was extracted from cultured cells and tumor tissues
using TRIzol (Invitrogen Life Technologies, USA) according to
the manufacturer’s instructions. cDNA was synthesized by reverse
transcribing 2 pg RNA with the High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, USA). One-microliter
aliquots of cDNA were used as templates. The FAMTM Dye/
MGB probes of Prx1, HO-1 and B-actin were synthesized by ABI
(Assay ID: Prxl, HS0060202; HO-1, HS00015796; human
ACTB, 4352935E). For data analysis, the 27T method was
used with normalization of data of interested genes to housekeep-
ing gene B-actin. The experiments were conducted in triplicate.

Western blot analysis

Cells and tumor tissues were lysed in immunoprecipitation assay
buffer (50 mM Tris-Cl [pH 7.4], 1% NP40, 150 mM NaCl,
I mM EDTA, 1 M phenylmethylsulfonyl fluoride, 10 ug each of
aprotinin and leupeptin, and 1 mM Na3VO4). After centrifuged
at 12,000 g for 30 min, the supernatant was collected and protein
concentration was determined using the Lowry method. Equal
amounts of protein were separated on 12% SDS-PAGE gels and
blotted onto nitrocellulose membranes. The blots were incubated
with anti-Prx1 (1:5000, Upstate, USA) and anti-HO-1 (1:2000,
Abcam, USA) antibody. Antibody of B-actin (Sigma, St. Louis,
MO) was used as a loading control. Immunoreactive bands were
detected with horseradish peroxidase-conjugated secondary anti-
bodies and enhanced by chemiluminescence reagents (Amersham
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Figure 1. Prx1 knockdown increases hypoxia and intracellular ROS production in SCC15 cells. A, Prx1 protein was significantly decreased
by shRNA transfection. B, Prx1 mRNA was significantly reduced by shRNA transfection. C, Pimonidazole staining showed the increased hypoxia status
in cells after hypoxia/reoxygenation treatment. D, Intercellular ROS level identified by flow cytometry in cells after hypoxia/reoxygenation treatment.

*P<0.05 vs. WT SCC15 cells; #P<0.05 vs. control hypoxic WT SCC15 cells.

doi:10.1371/journal.pone.0105994.g001

Biosciences, Piscataway, NJ). The experiments were performed in
triplicate.

NF-xB DNA binding activity detection

The nuclear protein was extracted from cells and tumor tissues
using NE-PER Nuclear and Cytoplasmic Extraction Reagents
(Thermo, USA). In brief, cells and tissues were suspended in
hypotonic buffer and incubated on ice for 10 min followed by
centrifuged at 12,000 g and 4°C for 10 min to precipitate nuclei.
After washed in the hypotonic buffer, the nuclei were lysed in a
lysis buffer to get the nuclei extracts. NF-kB DNA binding activity
was detected using the NF-kB (p65) Transcription Factor Assay
Kit (Cayman Chemical Company, USA).
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Immunohistochemistry

The paraffin-embedded blocks were sectioned for immunohis-
tochemistry analysis. Sections were treated with 20 mg/L
proteinase K (dilution: 1:1000; Sigma-Aldrich, USA) at 37°C for
30 min for antigen retrieval. After blocking the endogenous
peroxidase activity with 0.3% hydrogen peroxidase for 15 min, the
sections were treated with 8-hydroxydeoxyguanosine (8-OHdG;
1:8000; Abcam, USA) or NF-kB (Cell Signaling Technology,
1:100) primary antibody at 4°C overnight. The slides were
incubated in biotinylated secondary IgG antibodies at 37°C for
30 min, and then visualized using DAB for 2-5 min. Mayer’s
hematoxylin was used to counterstain the sections, which were
then dehydrated and mounted. For negative control, PBS was
used in place of primary antibodies. The cells with positive staining
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Figure 2. Expression of Prx1 and HO-1 in SCC15 cells. A (a), protein expression of Prx-1 and HO-1 detected by Western blot after hypoxia/
reoxygenation treatment; A (b and d), Prx1 and HO-1 protein quantitation relative to B-actin; A (c), correlation of Prx-1 and HO-1 after hypoxia/
reoxygenation treatment. B and C, mRNA expression of Prx-1 and HO-1 detected by qRT-PCR after hypoxia/reoxygenation treatment. *P<<0.05 vs. WT

SCC15 cells; #P<0.05 vs. control hypoxic WT SCC15 cells.
doi:10.1371/journal.pone.0105994.g002

were determined by counting the percentage of stained cells using
the Image Pro Plus 7.0 analyzer. A minimum of 1,000 cells were
counted for each tumor specimen.

Statistical analysis

The expression levels of Prx1, HO-1, NF-kB and 8-OHdG, and
data from ROS production, pimonidazole staining, immunofluo-
rescence and NF-kB DNA binding activity were analyzed and
compared using one-way analysis of variance (ANOVA). All
statistical analysis was carried out using SPSS Software for
Windows 17.0. Differences were considered statistically significant
at P<<0.05. All P values were two-sided.
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Results

Prx1 knockdown increases hypoxia and intracellular ROS

production

We used shRNA plasmid to knock down Prx1 in SCC15 cells.
As shown in Figure 1A and 1B, the levels of Prxl mRNA and
protein expression were reduced to 40-50% by shRNA transfec-
tion in SCCI15 cells. After Prxl knockdown, we detected the
hypoxic condition in both Prx1 knockdown cells and control cells,
which were transfected with empty vector. Our data showed that
hypoxic condition was increased by hypoxia or hypoxia/
reoxygenation except 12-h hypoxia treatment in control cells
(Figure 1C, upper panel). In Prx1 knockdown cells, the hypoxic
condition increased more significantly compared to control cells
(Figure 1C, lower pannel). The highest hypoxia was observed in

August 2014 | Volume 9 | Issue 8 | e105994
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Figure 3. NF-kB DNA binding activity in SCC15 cells. A, Endogenic nuclei expression of NF-kB. B, NF-kB DNA binding activity detected by
ELISA. *P<<0.05 vs. WT SCC15 cells; #P<0.05 vs. control hypoxic WT SCC15 cells.

doi:10.1371/journal.pone.0105994.g003

Prxl knockdown cells after 24 h hypoxia/2 h reoxygenation
treatment, and 2 h reoxygenation treatment did not decrease the
hypoxia level elevated by hypoxia treatment. We also detected the
production of intracellular ROS. Similar to hypoxia condition, the
production of intracellular ROS was increased by hypoxia
treatment except 12 h hypoxia and 12 h hypoxia/2 h reoxygena-
tion treatment (Figure 1D). The accumulation of intracellular
ROS is higher in Prx1l knockdown cells compared to it in control
cells.

Prx1 negatively regulates HO-1 under hypoxic conditions

In order to determine whether Prx1 was related to HO-1 in
SCC15 cells under hypoxic conditions, we assessed the expression
levels of Prx1 and HO-1 after hypoxic treatment. As shown in
Figure 2A (a, b), the protein expression of Prxl was increased by
hypoxic treatment. However, the protein expression of HO-1 was
decreased at initial stages of hypoxia when Prx1 expression was
increased, and then increased while Prx1 expression decreased in
12 h hypoxia/2 h reoxygenation, 24 h hypoxia and 24 h hypox-
ia/2 h reoxygenation, as indicated in Figure 2A (c and d). In 4 h
hypoxia/2 h reoxygenation group, the level of Prx1 protein was
increased by 50% while HO-1 protein was down-regulated by
30% compared with untreated cells (Figure 2A-b and d).
However, in Prxl knockdown cells, HO-1 was significantly up-
regulated after hypoxia or hypoxia/reoxygenantin treatment
except for the 24 h group. The protein expression of HO-1 was
increased by 30% (Figure 2A—d), and mRNA level was increased
by l.4-fold in Prxl knockdown SCCI15 cells treated with 4 h

PLOS ONE | www.plosone.org

hypoxia/2 h reoxygenation compared with untreated cells (Fig-
ure 2C). The mRNA expression of Prx1 was increased by 2.7-fold
while the expression of HO-1 mRNA was down-regulated by 40%
(Figure 2B and 2C).

Prx1 knockdown inhibits NF-kB translocation and DNA
binding activity

We detected the endogenic NF-kB expression in cells after
hypoxia treatment. We observed an increased nucleus expression
of NIF-kB in SCCI15 cells after treatment, especially in 24 h
hypoxia group (Figure 3A, upper panel). Moreover, in Prxl
knockdown cells, NF-kB translocation from cytoplasm to nucleus
was decreased compared with control cells (Figure 3A, lower
panel). We then detected NF-kB activity in cells after hypoxia
treatment. We found that NF-xB p65 DNA binding ability was
significantly decreased in Prxl knockdown cells after hypoxia
treatment compared to control cells (Figure 3B).

Hypoxia is associated with tumor growth in xenograft
model

To evaluate the change of the hypoxic conditions during the
tumor development, we assessed hypoxia in tumors with maximal
diameter of 2 mm, 5> mm, 10 mm or 15 mm. As shown in
Figure 4A, the small and scattered positive cells were observed in
2 mm tumors. In 5 mm, 10 mm and 15 mm tumors, the hypoxic
cells were mainly located at the centers of the cancer nests. The
hypoxia in 5 mm, 10 mm and 15 mm tumors was significantly

August 2014 | Volume 9 | Issue 8 | 105994
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doi:10.1371/journal.pone.0105994.g004

higher than it in 2 mm tumors (Figure 4B). We also detected the
level of 8-OHdAG to assess the oxidative DNA injury in tumor cells.
The expression of 8-OHdG increased from 2 mm to 15 mm
tumors (Figure 4C). It was significantly higher in 10 mm and
15 mm tumors compared to 2 mm tumors (Figure 4D).

Overexpression of Prx1 and HO-1 during tumorigenesis
in xenograft model

As shown in Figure 5A, the mRNA expression of Prxl
significantly increased in 5 mm, 10 mm and 15 mm tumors
compared to 2 mm tumors. The protein expression of Prxl was
also elevated in 10 mm and 15 mm tumors (Figure 5B). Overex-
pression of HO-1 was observed in 15 mm tumors as indicated in

Figure 5C and 5D.

NF-xB translocation and DNA binding activity are
increased in xenograft model

NF-kB translocation and DNA binding activity both were
elevated when tumor developed. The immunohistochemistry
analysis showed that the expression of NF-kB was increased
significantly in 15 mm tumors compared to 2 mm tumors
(Figure 6A and 6B). Similarly, NF-xB DNA binding activity was
significantly elevated in 15 mm tumors than 2 mm tumors

(Figure 6C).
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Discussion

The overall objective of this study is to explore the role of Prx1
in hypoxia in OSCC. First, we used shRNA to knock down Prx1
in SCC15 cells and then detected Prxl, NF-kB and HO-1 in
hypoxia. We also investigated the Prx1 with hypoxia during tumor
development in xenograft model. Our data showed that after
exposure to hypoxia or hypoxia/reoxygenation, intracellular
hypoxia and ROS levels were aggravated. We also found that
HO-1 expression was up-regulated in Prx] knockdown cells,
whereas NF-kB translocation and DNA binding activity were
decreased. Taken together, these data suggest that the elevated
accumulation of ROS induced by hypoxia can up-regulate Prx1,
which can activates NF-kB and negatively regulates HO-1 in
hypoxia-induced oral cancer cells. Our in vivo data showed that
overexpression of Prxl is associated with hypoxia and tumor
growth. These results suggest that Prx1/NF-kB/HO-1 signaling
pathway may play a key role in carcinogenesis of hypoxia-induced
oral cancer.

One of the major functions of Prx1 is thioredoxin-dependent
peroxidase activity relying exclusively on the cysteine at the N-
terminal region [24]. It scavenges extra ROS as an antioxidant.
Hypoxia increases intercellular ROS levels via the mitochondrial
electron transport chain. Hypoxia is one of the key factors
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doi:10.1371/journal.pone.0105994.g005

influencing tumor initiation and progression through increasing
oxidative DNA damage [25]. In recent years, the overexpression
of Prxl was reported to play an important role in many
malignancies due to its critical role in pathogenesis of hypoxia.
In lung cancer cells, hypoxia/reoxygenation can increase PrxI
expression by activating nuclear factor erythroid 2-related factor 2
(Nrf2), an important transcription factor involved in oxidant stress
[26]. The loss of Prxl expression can enhance the sensitivity to
oxidants and therefore, increase ROS production and oxidative
DNA damage [27]. In the present study, the mRNA and protein
expression of Prxl was up-regulated in SCC15 cells by either
hypoxia (4 h, 12 h) alone or followed by reoxygenation (2 h). In
another study reported by Kim et al., Prx1 was only up-regulated
by hypoxia/reoxygenation, but not by hypoxia alone [27]. We
found that the SCC15 cells are still hypoxic after 2 h reoxygena-
tion treatment, which indicates that Prx1 could still be induced by
hypoxia, even after 2 h reoxygenation treatment. Our result
suggests that hypoxia is closely related to the overexpression of
Prxl in OSCC. The up-regulation of Prxl increases the cells’
ability to remove extra ROS and protect the tumor cells, which
may enhance tumor progression and reduce the efficacies of
chemo- and radiotherapies.

A recent study showed that in Hela cells, cytoplasmic Prxl
altered cytoplasmic NF-xB translocation into the nucleus. Nuclear
Prx1 regulates NF-kB/DNA binding through elimination of HyO4
[23]. Wang et al. reported that Prx1 interacts with NF-«xB at the
DNA level and presumably modulates its transcriptional activity in
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breast cancer cells [10]. As a potent antioxidant, HO-1 facilitates
tumor progression in a tissue specific manner. Studies have
indicated that NF-kB induces expression of HO-1 in tumor tissues
[28-31]. Moreover, numerous studies suggested a direct relation-
ship between NF-kB and HO-1, but the function of NF-xB in
regulating HO-1 expression in human cells is controversial [32—
35]. In this study, our data showed that hypoxia induces Prx1 and
NF-xB, and Prx1 regulates HO-1 via activating NF-xB.

Prx1 has been recently identified as an endogenous ligand for
toll-like receptor (TLR) ligands [36]. In normoxic conditions, Prx1
can enhance expression of vascular endothelial growth factor
(VEGF) via induction of hypoxia-inducible factor Il-alpha
promoter activity through Prx1: TLR4 interaction. This process
is mediated by NF-kB. NF-«B interacts with the VEGF promoter,
however, is not required for Prx1, which suggests that NF-kB can
regulate VEGF without Prx1 induction [37]. Prx1 and HO-1 are
both characterized as oxidative stress-inducible and heme-related
proteins. Prx1 has heme-binding activity. The thiol-specific
antioxidant activity of Prxl can be inhibited by heme. Co-
expression or co-induction of Prx1 and HO-1 has been observed
in some tissues or cells, indicating that Prx]1 and HO-1 proteins
may co-localize and interact to exhibit antioxidant activities [15].
Studies have shown that the expression of HO-1 is mainly up-
regulated by Nrf2. Nrf2 is also one of the key transcription factors
for Prx1 gene expression in hypoxic cancer cells. For the first time,
we report that Prxl and HO-1 could have a negative regulatory
relationship in an indirect manner. The precise molecular

August 2014 | Volume 9 | Issue 8 | 105994



o

o

o

w
J

0.02

0.015 4
0.01
0.005 -
0 - T T r
2mm Smm 10mm

Tumor size

NFkB DNA binding activity

15mm

Prx1 Regulates HO-1 via NF-kB in Oral Cancer

— 35
= *
2 30 -
[
o 25
2
'g 20
(-9
@ 15
x*
£ 10 .
s .
-
[X]
=
= 0 : : :
2mm Smm 10mm 15mm

Tumor size

Figure 6. NF-kB expression and DNA binding activity in xenograft tumors. A, NF-kB expression was detected by immunohistochemistry in
2 mm (a), 5 mm (b), 10 mm (c) and 15 mm (d) tumors. B, The percentage of nuclear NF-kB positive cells is significantly increased in 15 mm tumors
compared to it in 2 mm tumors. C, NF-kB DNA binding activity was significantly higher in 15 mm tumors compared to 2 mm tumors. *P<<0.05; **P<

0.01.
doi:10.1371/journal.pone.0105994.g006

mechanisms, however, needs to be confirmed and investigated in
the future study.

In OSCC xenograft model, we found similar results that
significant elevation of HO-1 lags behind that of Prxl. Under
hypoxic condition and oxidative DNA damage, Prxl and HO-1
are upregulated and NF-xB DNA binding activity is enhanced.
Our data suggests that Prx1 plays antioxidative role by activating
NF-xB and regulating HO-1 in hypoxia-related OSCC progres-
sion. In conclusion, we found that hypoxia plays an important role
in OSCC through regulating Prx1/NF-xB/HO-1 signaling
pathway. Our study provides a systemic examination of Prxl in
cell systems and xenograft model of OSCC, each having specific
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