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 Backgrounds: Osteosarcoma and fibrosarcoma are malignant tumors with poor prognosis. Peroxiredoxin 1 (PRDX1) is consid-
ered to prevent tumors in many malignances. However, few studies have focused on the functions of PRDX1 
in osteosarcoma and fibrosarcoma.

 Material/Methods: PRDX1 mRNA in tumors and adjacent tissues of 32 osteosarcoma patients and 16 fibrosarcoma patients was 
extracted and measured. Proliferation and invasion of MG63 and HT1080 cell lines after silencing or overex-
pressing PRDX1 were used to detect the role of PRDX1 in metastasis of osteosarcoma and fibrosarcoma.

 Results: PRDX1 mRNA level was lower in tumor tissues than in adjacent tissues of osteosarcoma (F=50.105) and fibro-
sarcoma (F=28.472) patients, both significantly (P<0.05). Silencing PRDX1 promoted proliferation of MG63 and 
HT1080 cells, while overexpressing PRDX1 suppressed proliferation after 24 h, 48 h, and 72 h, compared to 
the control group, both significantly (P<0.05). Silencing PRDX1 increased invasive cells of MG63 (F=246.218) 
and HT1080 (F=245.602), while overexpressing PRDX1 decreased invasive cells of both, compared to the con-
trol, and the difference was significant (P<0.05).

 Conclusions: PRDX1 expression is low in osteosarcoma and fibrosarcoma tumors. PRDX1 suppressed the progression and 
metastasis of osteosarcoma and fibrosarcoma cells.
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Background

Osteosarcoma is the most common primary bone carcino-
ma occurring in children and adolescents, with high mortality 
and poor prognosis around the world [1]. According to some 
studies, osteosarcoma incidence is higher in males than in fe-
males [2,3]. In 1990–2004, boys had significantly higher mortal-
ity than girls in the United States [4]. Over the past few years, 
the main treatment strategy for osteosarcoma is preopera-
tive chemotherapy followed by surgery, and adjuvant therapy 
greatly improves the survival rate [5,6]. However, tumor stage, 
metastasis, recurrence, chemotherapeutic treatment, and tu-
mor location, size, and percentage of tumor cells destroyed af-
ter neoadjuvant chemotherapy are considered to have impor-
tant effects on survival rates of osteosarcoma patients [7,8].

Fibrosarcoma of bone is a primarily malignant mesenchymal 
tumor, which is derived from fibrous connective tissue [9]. 
Fibrosarcoma originates in fibrous tissues of the bone and 
invades long or flat bones [10]. Only about 5% of all prima-
ry bone sarcomas are fibrosarcoma [11]. Fibrosarcoma usual-
ly has historical features similar to those found in other bone 
tumors, making fibrosarcoma indistinguishable from other 
bone tumors. Treatment of fibrosarcoma is similar that of oth-
er sarcomas of bone. As the mainstay for controlling the local 
disease, surgical extirpation is the primary strategy, but has 
poor prognosis [12–14].

Reactive oxygen species (ROS) are free radicals that are involved 
in many cellular metabolism and signalling pathways, and are 
thought to play roles in carcinogenesis and ageing [15,16]. 
Peroxiredoxins (PRDXs) are small H2O2 scavenging proteins, with 
tumor-preventive functions, especially PRDX1 and PRDX2 [17]. 
Many researchers have confirmed the role of PRDX1 as a tu-
mor suppressor by gene knockout experiments in mice [18,19]. 
Although PRDX1 has been studied extensively in breast can-
cer [20], lung cancer [21], and prostate cancer [22], the func-
tion and regulation of different PRDXs in various tumors are 
still poorly understood. PRDXs protect cells from ROS insults 
and also regulate transduction pathways, utilizing c-Abl, cas-
pases, nuclear factor-kB (NF-kB), and activator protein-1 (AP-1) 
to influence cell growth and apoptosis [23–25]. Specific drugs 
targeting PRDXs in cancers are now receiving much research 
attention as adjuvant therapy in treating cancers.

Few studies have focused on the role of PRDXs in osteosarco-
ma or fibrosarcoma of bone, and the molecular mechanisms 
of PRDXs in osteosarcoma and fibrosarcoma need further in-
vestigations. In the present study, we used 2 cell lines – MG63 
for osteosarcoma and HT1080 for fibrosarcoma – in the cell ex-
periments. Proliferation and invasion were measured after si-
lencing or overexpressing PRDX1, in order to confirm the effect 
of PRDX1 on progression of osteosarcoma and fibrosarcoma.

Material and Methods

Patients

We enrolled 32 patients with osteosarcoma and 16 with fibro-
sarcoma. All patients were diagnosed and received surgical 
resection without additional treatments in Renmin Hospital 
of Wuhan University from 1 June 2015 to 31 December 2016. 
Informed consent was obtained from each patient, and the 
Medical Ethics Committee of Renmin Hospital of Wuhan 
University approved the study.

Tumor RNA extraction and PCR

Tumor and adjacent tissues were obtained by surgery and 
ground with liquid nitrogen. We treated 50–100-mg tis-
sue samples with 1 ml TRIzol reagent (Invitrogen, Thermo 
Fisher Scientific, Inc., Shanghai, China) and a homogenate. 
RNA was extracted and purified with an RNA Purification Kit 
(Invitrogen, Thermo) according to the specifications. Primers 
of PRDX1 (forward: 5’-CAGCCCAGCGCTCACTTCTGC-3’, re-
verse: 5’-CAGACCCGAAGCGCACCATTGC-3’) and GAPDH (for-
ward: 5’-GAAGGTGAAGGTCGGAGTC-3’, reverse: 5’-GAAGATG 
GTGATGGGATTTC-3’) were synthesized by Invitrogen (Thermo). 
SuperScript™ IV One-Step RT-PCR System (Invitrogen, Thermo) 
was used for PCR. A total of 45 cycles of 40 s at 94°C for 1 min 
at 65°C and 90 s at 72°C were performed. Results were analyzed 
by LightCycler96 (Hoffmann-La Roche Ltd. Shanghai, China).

Western blot

Proteins were extracted from tissues using RIPA Lysis and 
Extraction Buffer (Thermo) according to the manufacturer’s 
specifications. Proteins were quantified by BCA protein assay 
kit (Beyotime Biotechnology Company, Shanghai, China). We 
analyzed 40-μg protein samples by 10% separating gel with 
5% stocking gel, transferred to polyvinylidene fluoride (PVDF, 
Merck Millipore Corporation. Darmstadt, Germany), blocked 
with 5% non-fat milk in phosphate buffer solution (PBS, 
Boster Biological Technology Co., Ltd. Wuhan, China) contain-
ing 0.05% Tween-20 (Sigma-Aldrich Inc. Shanghai, China), and 
then separately incubated with anti-PRDX1 (1: 1000, Abcam plc. 
Shanghai, China) and b-actin (1: 8000, Abcam) antibodies at 
4°C overnight. We incubated the protein bands with goat anti-
rabbit secondary antibody (1: 3000, Jackson ImmunoResearch 
Inc. West Grove, PA, USA) at 25°C for 1 h, and then measured 
the proteins with electrochemiluminescence (ECL, Millipore).

Cells culture

MG63 and HT1080 cell lines were purchased from American 
Type Culture Collection (ATCC, Rockville, MD, USA). MG63 
was cultured in Dulbecco’s modified Eagle’s medium (DMEM, 
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Gibco™, Thermo). HT1080 was cultured in Minimum Essential 
Medium (MEM) with Non-Essential Amino Acids (NEAA) (Gibco™, 
Thermo). The entire medium contained 10% fetal bovine se-
rum (FBS, Gibco™, Thermo), 100 U/ml of penicillin (Sigma) 
and 100 μg/ml of streptomycin (Sigma). Cells were placed in 
a CO2 incubator (Series 8000 Water-Jacketed CO2 Incubators, 
Thermo) maintained at 37°C, 5% CO2, and saturates humid-
ity. At 90% confluence, cells were digested with 0.25% tryp-
sin-EDTA (Gibco™, Thermo) for subculturing.

Silencing PRDX1

RNA interfering (RNAi) assay was used for silencing PRDX1. 
Small interfering RNA (siRNA) targeting PRDX1 (sc-36177) was 
purchased from Santa Cruz Biotechnology (Shanghai, China) 
and resuspended in 330 μl of RNAse-free water (Santa), with 
a primary concentration of 10 μM. Cells were starved for 6 h in 
medium without FBS. RPDX1 siRNA was transfected into cells 
with Lipofectamine™ 3000 transfection reagents (Invitrogen, 
Thermo) according to the manufacturer’s specifications.

Overexpressing PRDX1

pFRT/TO/HIS/FLAG/HA-RPDX1 plasmid (#38086) was pur-
chased from Addgene (Beijing Zhongyuan, Ltd. China). DH5a 
with plasmid was cultured with LB Broth (Invitrogen, Thermo) 
containing 100 μg/ml of ampicillin (Sigma) at 37°C for 8~12 h. 
Plasmid was extracted with the Plasmid Mini Preparation Kit 
(Beyotime), and then transfected into cells with Lipofectamine™ 
3000 transfection reagents.

Cellular PRDX1 detection

Cellular proteins were extracted and Western blot analysis was 
carried out according to the assay mentioned before.

Proliferation detection

Cells were adjusted as 400 cells per well and cultured in a 96-
well plate (Corning Inc.) for 24 h. We added 10 μl of PrestoBlue™ 
Cell Viability Reagent (Thermo) to each well, followed by 

incubation at 37°C for 10 min. Absorbance was measured at 
570 nm (600 nm as reference wave length) with a microplate 
reader (Multiskan™ FC, Thermo). Optical density (OD) values 
were evaluated for 3 consecutive days.

Invasion detection

Matrigel (Becton, Dickinson, and Co., Shanghai, China) was 
diluted in medium (5%). A Transwell Insert of Transwell per-
meable supports (Corning) was covered with diluted Matrigel 
and incubated at 37°C for 4 h. Cells were starved for 6 h and 
then adjusted as 1×105 cells/ml in medium without FBS. Cells 
were then seeded the in Transwell insert. The entire medium 
with 10% FBS was added into the lower of Transwell insert. 
Culturing was continued for 12 h, then we washed the cells 
with PBS. We fixed the cells with methanol (Solarbio Sciences 
and Technology Co., Ltd., Beijing, China) for 30 min and then 
stained them with 0.4% crystal violet (Solarbio) in 20% meth-
anol for 20 min. Non-transmembrane cells were cleaned. Cells 
were observed under microscopy (Eclipse Ts2, Nikon Instrument, 
Inc. Japan). We randomly selected 5 fields and calculated the 
number of transmembrane cells.

Statistical analysis

Data were analyzed by SPSS 21.0 software and are shown as 
mean±standard deviation (c±SD). One-Way ANOVA was used 
for analyzing comparisons between groups. LSD was used 
for homogeneity of variance, while Dunnett’s T3 was used 
for heterogeneity of variance. A value of P<0.05 was consid-
ered significant.

Results

Lower PRDX1 mRNA was found in tumor tissues

PRDX1 mRNA levels in tumor and adjacent tissues are shown 
in Table 1 and Figure 1. For patients with osteosarcoma, PRDX1 
mRNA levels in tumor tissue (14.45±10.21) IU/mL were signif-
icantly (F=50.105, P<0.001) lower than in the adjacent tissue 

Osteosarcoma Fibrosarcoma

Tumor tissue Adjacent tissue Tumor tissue Adjacent tissue

N 32 32 16 16

mRNA (IU/mL) 14.45±10.21 239.80±179.80 18.51±8.73 141.73±91.96

F value 50.103 28.472

P value <0.001 <0.001

Table 1. PRDX1 mRNA level in tumor and adjacent tissue of osteosarcoma or fibrosarcoma (c±SD).

PRDX1 – peroxiredoxin 1.
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(239.80±179.80) IU/mL. In patients with fibrosarcoma, PRDX1 
mRNA levels in tumor tissue (18.51±8.73) IU/mL were signifi-
cantly lower than in the adjacent tissue (141.73±91.96) IU/mL 
(F=28.472, P<0.001). These results indicate that PRDX1 expres-
sion is low in osteosarcoma and fibrosarcoma tumor tissues.

PRDX1 suppressed tumor cells proliferation

Results of detecting MG63 and HT1080 proliferation are shown 
in Table 2 and Figures 2 and 3. Figure 2 shows the successful 
silencing or overexpressing of PRDX1 in MG63 and HT1080 
cell lines.

As shown in Figure 3, in all 3 groups, MG63 and HT1080 cells 
both grew over time, with significantly increased OD values 
(P<0.001).

Silencing PRDX1 significantly promoted the proliferation of 
MG63 cell after 24 h (F=11.718, P=0.027), 48 h (F=98.538, 

P=0.001), and 72 h (F=40.534, P=003), compared to the con-
trol, and silencing PRDX1 significantly promoted the prolif-
eration of HT1080 cell after 24 h (F=75.625, P=0.001), 48 h 
(F=169.356, P<0.001) and 72 h (F=29.509, P=0.006) compared 
to control. However, overexpressing PRDX1 significantly de-
creased the proliferation of MG63 at 24 h (F=150.224, P<0.001), 
48 h (F=126.499, P<0.001), and 72 h (F=168.894, P<0.001), 
compared to the control. Overexpressing PRDX1 also signifi-
cantly reduced the proliferation of HT1080 at 24 h (F=62.253, 
P=0.001), 48 h (F=186.397, P<0.001), and 72h (F=87.604, 
P=0.001), compared to control.

These results indicate that PRDX1 suppressed the prolifera-
tion of MG63 and HT1080 cells, suggesting the inhibition of 
progression of osteosarcoma and fibrosarcoma.
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Figure 1.  (A, B) PRDX1 mRNA level in tumor and adjacent tissue of osteosarcoma or fibrosarcoma patients (PRDX1 – peroxiredoxin 1; 
* compared to tumor tissue, P<0.05).
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PRDX1 suppressed tumor cell invasion

Results of detecting MG63 and HT1080 invasion are shown in 
Table 3 and Figure 3. Silencing PRDX1 increased the invasive-
ness of MG63 (F=228.742, P<0.001) and HT1080 (F=174.724, 
P<0.001) cells, while overexpressing PRDX1 significantly de-
creased the invasiveness MG63 (F=29.538, P=0.006) and 
HT1080 (F=89.471, P=0.001) cells. The above results indicate 
that PRDX1 suppressed MG63 and HT1080 invasion, suggesting 
the inhibition of metastasis of osteosarcoma and fibrosarcoma.

Discussion

We collected the tumor and adjacent tissues of patients with 
osteosarcoma or fibrosarcoma, and then measured PRDX1 
mRNA levels. We first found that PRDX1 mRNA level was 

significantly (P<0.05) lower in the tumor tissues than in the 
adjacent tissue, not only in osteosarcoma but also in fibrosar-
coma. Secondly, we used RNAi and plasmid transfection as-
says to detect the effects of PRDX1 on the proliferative ability 
and invasive ability of MG63 and HT1080 cell lines. We found 
that silencing PRDX1 promoted the proliferative ability and 
invasive ability of both MG63 and HT1080 cells, while over-
expressing PRDX1 suppressed the proliferative ability and in-
vasive ability of both MG63 and HT1080 cells. These results 
indicate that PRDX1 acts as an inhibitor of progression and 
metastasis of osteosarcoma and fibrosarcoma.

Osteosarcoma is a type of malignant tumor occurring in bone 
and the most commonly histological form of primary bone 
cancer [26], mostly being prevalent in teenage and young 
adults [27]. Poor prognosis of osteosarcoma is mainly for the 
metastasis, usually to lung, limb bones and so on. Resection 

MG63 HT1080

24 h 48 h 72 h F value P value 24 h 48 h 72 h F value P value

Con.
0.26± 
0.02

0.60± 
0.02

0.93± 
0.05

293.810 <0.001
0.19± 
0.01

0.58± 
0.03

0.86± 
0.06

200.273 <0.001

siRNA
0.34± 
0.03

0.83± 
0.03*

1.13± 
0.02*# 565.648 <0.001

0.33± 
0.02

0.92± 
0.03*

1.07± 
0.03*# 547.842 <0.001

Over.
0.14± 
0.06

0.35± 
0.03*

0.51± 
0.03*# 53.086 <0.001

0.11± 
0.01

0.30± 
0.01*

0.51± 
0.02*# 572.916 <0.001

F value 74.314 206.334 27.214
<0.001

127.754 372.876 145.453

P value <0.001 <0.001 <0.001 <0.001 <0.001

Table 2. PRDX1 suppressing MG63 and HT1080 cells proliferation (OD value, c±SD).

PRDX1 – peroxiredoxin 1; OD – optical density; Con. – control group; siRNA – silencing PRDX1; Over. – overexpressing PRDX1; 
* comparing to Con., P<0.05; # comparing to siRNA, P<0.05
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Figure 2.  PRDX1 suppressed MG63 and HT1080 cell proliferation (PRDX1 – peroxiredoxin 1; OD – optical density; Con. – control group; 
siRNA – silencing PRDX1; Over. – overexpressing PRDX1; * compared to Con., P<0.05; # compared to siRNA, P<0.05).
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is the initial treatment, but it could not prevent osteosarco-
ma metastasis. Fibrosarcoma is also a malignant tumor, which 
is derived from fibrous connective tissue. Fibrosarcoma was 
usually found in males with poor prognosis for metastasis, es-
pecially to breast [28–31]. Chemotherapy or radiotherapy has 
poor effects on treating fibrosarcoma, and surgical resection 
or amputation is considered as the primary treatment.

Until now, many genes have been found to be the biomarkers 
of osteosarcoma, such as SGMS2, SOD1, SPOPL and so on [32]. 

Genetic polymorphisms are also associated with osteosarco-
ma progression [33]. According to Zheng et al., IGF-1 is one of 
the targets in leptocarpin suppressing osteosarcoma progres-
sion [34]. However, no research reports the role of PRDX1 in 
osteosarcoma, even in fibrosarcoma.

PRDX1 is a factor originating from human red blood cells. Most 
research on PRDX1 is based on cell lacking PRDX1 or murine 
isoforms with PRDX1 knockout, and the results suggest PRDX1 
is a tumor suppressor [18,35]. The role of PRDX1 in tumor 

Figure 3.  PRDX1 suppressed MG63 and HT1080 cells invasion (PRDX1 – peroxiredoxin 1; Con. – control group; siRNA – silencing 
PRDX1; Over. – overexpressing PRDX1; * compared to Con., P<0.05; # compared to siRNA, P<0.05).
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genesis is examined within the context of ROS. ROS are a nec-
essary component of numerous cellular signal pathways, but 
in excess they also promote cancer pathogenesis [36]. As a 
tumor-preventive factor, PRDX1 might be related to the inhi-
bition of cell senescence- or cell growth-arresting processes. 
PRDX1 has been confirmed as a tumor suppressor and prog-
nostic factor in esophageal squamous cell carcinoma [37], pap-
illary thyroid carcinoma [38], colon cancer [39], and gastric 
cancer [40], and also participates in the regulation on tumor 
metastasis. However, few studies have focused on the role of 
PRDX1 in osteosarcoma, even in fibrosarcoma.

Firstly, we collected the tumor tissues of 32 osteosarcoma pa-
tients and 16 fibrosarcoma patients, and then analyzed the 
mRNA level of PRDX1 in tumor tissues. Results showed that 
PRDX1 is expressed at significantly lower levels in tumor tis-
sue compared with the adjacent tissue. Although the correla-
tion of PRDX1 level with prognosis of osteosarcoma or fibro-
sarcoma has not been analyzed over time, we confirmed that 
the development of osteosarcoma and fibrosarcoma are in-
volved in regulation of PRDX1 mRNA level.

Neumann et al. [18] constructed a mouse model with PRDX1 
inactivation. By analyzing the lifespans and the complica-
tions of the mice, they confirmed that PRDX1 is important in 
defence against oxidants in ageing mice. A spectrum of can-
cers developed in PRDX1 mutant mice, including osteosarco-
ma and fibrosarcoma. Therefore, we used MG63 and HT1080 
cell lines, representing osteosarcoma and fibrosarcoma, re-
spectively, to carry out the cellular experiments for confirm-
ing the role of PRDX1 in the mechanisms of metastasis of os-
teosarcoma and fibrosarcoma.

We used the RNAi approach to silence PRDX1 in MG63 and 
HT1080 cell lines. On one hand, by measuring the proliferation 
with CCK-8, we confirmed that silencing PRDX1 promoted the 
proliferation of MG63 and HT1080 cell lines, significantly. We 
also showed that transfecting plasmids with overexpressing 
PRDX1 suppressed the growth of MG63 and HT1080 cell lines. 
One the other hand, the invasive ability of MG63 and HT1080 
cell lines were also measured after silencing or overexpress-
ing PRDX1. The results showed that silencing PRDX1 promot-
ed the invasive ability of both MG63 and HT1080 cell lines, 
while overexpressing PRDX1 suppressed the invasive ability 
of both cell lines. All of these results indicate the inhibition 
of PRDX1 on the growth-arresting process and metastasis of 
MG63 and HT1080 cell lines, which suggests that PRDX1 also 
acts as a tumor suppressor in the development and metasta-
sis of osteosarcoma and fibrosarcoma.

Due to time constraints, we did not collect enough clinical data 
on the osteosarcoma and fibrosarcoma patients, especially the 
patient prognosis. The correlation between PRDX1 with me-
tastasis of osteosarcoma and fibrosarcoma in patients after 
receiving surgical resection remains unclear. Another limit is 
that we did not establish a mouse model lacking PRDX1. The 
role of PRDX1 in osteosarcoma and fibrosarcoma has not been 
further confirmed in vivo. In further experiments, we will first 
follow the patients after surgery for more than 5 years and 
analyze the correlation between PRDX1 level in tumor tissues 
with metastasis of osteosarcoma and fibrosarcoma. Secondly, 
we will establish PRDX1-deficient mice or inject mice with 
MG63 or HT1080 cell lines with silencing PRDX1, in order to 
confirm the importance of PRDX1 in regulating metastasis of 
osteosarcoma and fibrosarcoma. Finally, signal pathways re-
lated to PRDX1, especially those related to ROS, should be fur-
ther investigated.

Conclusions

This is the first study showing inhibition of PRDX1 in the de-
velopment and metastasis of osteosarcoma and fibrosarco-
ma, which provides clinical research on PRDX1 in progression 
of osteosarcoma and fibrosarcoma, suggesting the molecular 
mechanisms and potential treatment targets.
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MG63 HT1080

Con.  29.00±3.61  36.33±4.04

siRNA  115.00±9.17*  106.00±8.16*

Over.  13.00±3.61*#  10.33±2.52*#

F value 246.218 245.602

P value <0.001 <0.001

Table 3.  PRDX1 suppressing MG63 and HT1080 cells invasion 
(invasive cell, c±SD).

PRDX1 – peroxiredoxin 1; Con. – control group; siRNA – silencing 
PRDX1; Over. – overexpressing PRDX1; * comparing to Con., 
P<0.05; # comparing to siRNA, P<0.05.
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