ONCOLOGY LETTERS 12: 2217-2221, 2016

PRDX2 protects hepatocellular carcinoma
SMMC-7721 cells from oxidative stress
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Abstract. Peroxiredoxin2 (PRDX?2) is a member of the perox-
iredoxin family of antioxidant enzymes. A number of previous
studies have indicated that PRDX2 may serve a cell type-depen-
dent role in tumorigenesis. Recently, PRDX2 has been identified
to be the new target of miR-122a, which has been demonstrated
to be frequently downregulated in hepatocellular carcinoma
(HCC). Thus, PRDX?2 may have a pro-tumorigenic role in HCC.
Because the role of PRDX2 in HCC has not yet been reported, it
is of interest to explore how PRDX2 may affect reactive oxygen
species (ROS)-mediated cell death in HCC cells. The present
study analyzed the effects of PRDX2 knockdown or overexpres-
sion on hydrogen peroxide (H,0,)-induced cell death in HCC
SMMC-7721 cells. Tumor necrosis factor-a (TNF-a)-induced
cell death upon PRDX2 knockdown or overexpression was also
examined in SMMC-7721 cells. It was found that PRDX?2 knock-
down augmented H,O,-induced cell death in SMMC-7721 cells,
whereas PRDX?2 overexpression exhibited opposite effects. By
contrast, PRDX2 knockdown enhanced TNF-a-induced apop-
tosis, whereas PRDX2 overexpression reduced it, even though
both treatments showed little effects on TNF-a-induced necrosis
in SMMC-7721 cells. Further exploration confirmed PRDX2
knockdown led to enhanced ROS generation in response to
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H,0,. Taken together, the present study supports that PRDX?2
serves a pro-tumorigenic role in HCC through, at least partially,
limiting ROS-mediated apoptosis under oxidative stress.

Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-associated mortality worldwide, particularly
in Africa and Asia (1). Despite extensive studies, the key
molecules that control the development and progression of
HCC remain unclear.

Members of the peroxiredoxWin (PRDX) family reduce
hydrogen peroxide (H,0,) and alkyl hydroperoxides. PRDX2 is
a member of the peroxiredoxin family of antioxidant enzymes.
Similar to PRDXs, PRDX2 has been demonstrated to form
disulfide-linked homodimers during its catalytic cycle (2).
The expression of PRDX2 is unregulated in breast cancer,
cervical cancer and colorectal cancer (3-6). By contrast,
silencing of PRDX2 occurs in acute myeloid leukemia and
malignant melanomas (7,8). Therefore, PRDX2 may serve a
cell type-dependent role in tumorigenesis.

The pro-tumorigenic role of PRDX2 may be attributed to,
at least partially, protecting cells from oxidative stress (3-6).
Under oxidative stress, reactive oxygen species (ROS) also
contribute to tumor necrosis factor-o. (TNF-a)-induced cell
death (9). However, the role of PRDX2 in TNF-a-induced cell
death has not yet been established. Recently, PRDX?2 has been
identified to be the novel target of miR-122a, which has been
demonstrated to be frequently downregulated in HCC (10).
Thus, PRDX2 may serve a pro-tumorigenic role in HCC.
Because the role of PRDX?2 in HCC has not been reported, it is
of interest to explore how PRDX?2 may affect ROS-mediated
cell death in HCC cells. The present study aims to examine the
role of PRDX2 in H,0,- or TNF-a-induced cell death in HCC
SMMC-7721 cells.

Materials and methods

Cell culture and transfection. Cells were purchased from
the Shanghai Institutes for Biological Sciences (Shanghai,
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China) and were cultured in Dulbecco's modified Eagle's
medium supplemented with 10% fetal bovine serum (Hyclone),
100 U/ml penicillin, and 100 pug/ml streptomycin and were
maintained at 37°C with 5% CO,. Transfection was performed
with Lipofectamine 2000 (Invitrogen: ThermoFisher Scien-
tific, Inc., Waltham, MA, USA) according to the manufacturer's
protocol. The transfection procedure used 6-well plates, and
100 pmol siRNA or 1 ug plasmid was used for each well.
Cells were treated for at least 48 h for siRNA transfection, and
24 h for plasmid transfection. Small interfering RNA (siRNA)
targeting PRDX2 (5'-CCAGTACACAGACGAGCAT-3')
and non-targeting control (NC) siRNA were obtained from
Shanghai GenePharma, Inc. (Shanghai, China). Mammalian
expression vector encoding PRDX2 was generated by cloning
PCR-amplified products into pPEGFP-NI (Sino Biological, Inc.,
Beijing, China) vector and confirmed by DNA sequencing. For
PRDX2 siRNA, NC siRNA was used as a control. For pGFP-
PRDX2, the pEGFP-NI1 empty vector was used as a control.

Immunoblotting analysis. Cells were washed twice with
ice-cold PBS and were then lysed with 20 mM Tris/HCI
(pH 7.6), 250 mM NaCl, 3 mM EDTA, 3 mM EGTA, 0.5%
NP40, 1 mM DTT, 5 mM NaF, 2 mM Na;VO, and 0.2 yuM
Aprotinin. The whole cell extract was clarified at 4°C at
12,000 rpm for 15 min. The amount of protein recovered was
quantified with Bradford protein assay. Equal amounts of
proteins were resolved by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) and then transferred
to Hybond-P polyvinylidene difluoride (PVDF) membranes.
Membranes were sequentially incubated with primary anti-
body over night at 4°C and horseradish peroxidase-conjugated
polyclonal goat anti-rabbit or anti-mouse secondary antibodies
(cat. no. ZB2301 and ZB2305, respectively; 1:5,000; Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing,
China) for 1 h at room temperature. Bound antibody was
detected using ECL chemiluminescence kit (GE Healthcare,
Little Chalfont, UK) and Kodak X-ray film. Monoclonal
mouse anti-human antibody against PRDX2 was purchased
from Proteintech (cat. no. 60202-1-Ig, 1:1,000; Wuhan, China).
Monoclonal mouse anti-human antibody against [3-actin (cat.
no. sc-8432; 1:5,000) was obtained from Santa Cruz Biotech-
nology, Inc. (Dallas, TX, USA).

Cell death assays. Cells were adjusted to a density of
2x10° cells/ml, and 0.5 ml was added to each well of a 24-well
plate. Cells were treated with 10 ng/ml TNF-a and 1 pg/ml
cycloheximide (CHX, Sigma-Aldrcih, St. Louis, MO, USA) or
300 uM H,0, for 24 h. Cells were washed with PBS twice and
stained with Annexin V-PE/7-aminoactinomycin D (7AAD)
or Annexin V-FITC/propidium iodide (PI) (Nanjing KeyGen
Biotech, Nanjing, Jiangsu, China) for 15 min at room tempera-
ture in the dark. The level of cell death was determined by
measuring the fluorescence of the cells with a flow cytometer
(Becton-Dickinson, Franklin Lakes, NJ, USA).

ROS production assays. A LIVE Green Reactive Oxygen
Species Detection Kit (Molecular Probes, Eugene, OR, USA)
was used for detecting the generation of ROS. Briefly, cells
were incubated in serum-free RPMI medium containing 2 uM
carboxy-H,DCFDA (Molecular Probes) at 37°C for 30 min.
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Cells were washed with PBS and were immediately subjected
to flow cytometry to analyse the intensity of green fluorescence
at a 488 nm excitation wavelength.

Statistical analysis. Statistically significant differences
between groups were identified using 2-tailed Student's
t test. P<0.05 was considered to indicate a statistically
significant difference. Statistical analysis was conducted
using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA).

Results

Validation of anti-PRDX2 antibody and PRDX2 siRNA.
To explore the role of PRDX2 in ROS-mediated cell death
in HCC SMMC-7721 cells, a mammalian expression vector
encoding GFP-PRDX2 was constructed and a PRDX2 siRNA
was designed. SMMC-7721 cells were transfected with the
mammalian expression vector encoding GFP-PRDX2 or left
untreated. 24 h later, cell lysates were harvested and subjected
to immunoblotting analysis. The data revealed that exogenous
GFP-PRDX2 could be detected by an anti-PRDX2 antibody
as well as by an anti-GFP antibody (Fig. 1A). Therefore, the
anti-PRDX2 antibody detected PRDX2 protein successfully.
SMMC-7721 cells were transfected with PRDX2 siRNA or
non-targeting control siRNA. Cell lysates were harvested 72 h
later. Immunoblotting analysis with the anti-PRDX2 antibody
confirmed that PRDX?2 expression was efficiently knocked
down (Fig. 1B). Thus, the mammalian expression vector
encoding GFP-PRDX2 and PRDX2 siRNA are useful tools
to explore the role of PRDX2 in oxidative stress-mediated cell
death in HCC SMMC-7721 cells.

PRDX?2 knockdown augmented H,O,-induced cell death in
SMMC-7721 cells. SMMC-7721 cells were transfected with
PRDX2 siRNA or non-targeting control siRNA. A total of
48 h later, cells were treated with or without 300 xM H,0,
for 24 h. Cell death assays with Annexin V-FITC/PI staining
revealed that H,0,-induced total cell death (apoptosis plus
necrosis, Fig. 2A) increased form ~11 to ~17% upon PRDX?2
knockdown (Fig. 2B; P<0.05). However, PRDX2 knockdown
showed no effects on basal level of cell death (Fig. 2A and B).
Taken together, these data suggest that PRDX2 antagonizes
H,0,-induced cell death in SMMC-7721 cells.

PRDX?2 overexpression inhibited H,0,-induced cell death
in SMMC-7721 cells. SMMC-7721 cells were transfected
with the mammalian expression vectors encoding GFP or
GFP-PRDX2. A total of 24 h later, cells were treated with or
without 300 xM H,0, for 24 h. Cell death assays with Annexin
V-PE/7AAD staining revealed that H,0O,-induced total cell
death (Fig. 3A) in GFP+ population decreased ~6% upon
PRDX2 overexpression (Fig. 3B; P<0.05) despite that PRDX?2
overexpression showed no effects on basal level of cell death
(Fig. 3A and B). Together, these data confirm that PRDX2
antagonizes H,0,-induced cell death in SMMC-7721 cells.

PRDX?2 knockdown augmented TNF-a-induced apoptosis in
SMMC-7721 cells. TNF-o usually does not induce cell death
unless de novo protein synthesis is blocked (11). In this regard,
protein synthesis inhibitor cloheximide (CHX) is widely used to
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Figure 1. Validation of anti-PRDX?2 antibody and PRDX2 siRNA. (A) SMMC-7721 cells were transfected with the mammalian expression vector encoding
GFP-PRDX2 or left untreated; 24 h later, cell lysates were harvested and subjected to immunoblotting analysis with the indicated antibodies. (B) SMMC-7721
cells were transfected with PRDX2 siRNA or non-targeting control siRNA; 72 h later, cell lysates were harvested and subjected to immunoblotting analysis
with the indicated antibodies. PRDX2, peroxiredoxin 2; siRNA, small interfering RNA.
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Figure 2. PRDX2 knockdown augmented H,0O,-induced cell death in SMMC-7721 cells. SMMC-7721 cells were transfected with PRDX2 siRNA or non-tar-
geting control siRNA; 48 h later, cells were treated with or without 300 M H,0, for 24 h. Cell death assays was performed with Annexin V-FITC/PI staining.
(A) Representative data. (B) Statistical data. ‘P<0.05. PRDX2, peroxiredoxin 2; siRNA, small interfering RNA.
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Figure 3. PRDX2 overexpression inhibited H,0,-induced cell death in SMMC-7721 cells. SMMC-7721 cells were transfected with the mammalian expression
vectors encoding GFP or GFP-PRDX2; 24 h later, cells were treated with or without 300 M H,0, for 24 h. Cell death assays was performed with Annexin
V-PE/TAAD staining. GFP+ cells were gated. (A) Representative and (B) statistical data.’P<0.05. PRDX2, peroxiredoxin 2.

facilitate TNF-a-induced cell death, which includes both apop-
tosis and necrosis (12). SMMC-7721 cells were transfected with
PRDX2 siRNA or non-targeting control siRNA. Then 48 h later,
cells were treated with or without 10 ng/ml TNF-a plus 1 p#g/ml
CHX for 24 h. Cell death assays with Annexin V-FITC/PI
staining revealed that TNF-a-induced total cell death (apop-
tosis plus necrosis, Fig. 4A) increased marginally upon PRDX?2

knockdown. More careful examination of the data revealed the
enhancement of cell death occurred only in apoptosis, namely
Annexin V+PI- part. Annexin V+PI- cells increased from ~9
to ~12% upon PRDX?2 knockdown (Fig. 4B). However, PRDX?2
knockdown showed no effects on the basal level of cell death
(Fig. 4A and B). Taken together, these data suggest that PRDX2
antagonizes TNF-a-induced apoptosis in SMMC-7721 cells.
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Figure 4. PRDX2 knockdown augmented TNF-a-induced apoptosis in SMMC-7721 cells. SMMC-7721 cells were transfected with PRDX2 siRNA or non-tar-
geting control siRNA; 48 h later, cells were treated with or without 10 ng/ml TNF-a plus 1 pg/ml CHX for 24 h. Cell death assays was performed with Annexin
V-FITC/PI staining. (A) Representative and (B) statistical data."P<0.05. PRDX2, peroxiredoxin 2; siRNA, small interfering RNA; CHX, cycloheximide.
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Figure 5. PRDX2 overexpression inhibited TNF-a-induced apoptosis in SMMC-7721 cells. SMMC-7721 cells were transfected with the mammalian expression
vectors encoding GFP or GFP-PRDX2. 24 h later, 10 ng/ml TNF-a plus 1 yg/ml CHX for 12 h. Cell death assays was performed with Annexin V-PE/7AAD staining.
GFP+ cells were gated. (A) Representative data and (B) statistical data. ““P<0.01. PRDX2, peroxiredoxin 2; siRNA, small interfering RNA; CHX, cycloheximide.

PRDX2 overexpression inhibited TNF-o-induced apoptosis
in SMMC-7721 cells. It is possible that 24 h treatment of
SMMC-7721 cell with 10 ng/ml TNF-a plus 1 pg/ml CHX is
too long a time to observe the effect of PRDX2 on necrosis.
It may therefore be better to shorten the treatment time.
SMMC-7721 cells were transfected with the mammalian
expression vectors encoding GFP or GFP-PRDX2. A total
of 24 h later, cells were treated with or without TNF-a plus
CHX for 12 h. Cell death assays with Annexin V-PE/7AAD
staining revealed that TNF-a-induced apoptosis (Fig. 5A) in
GFP+ population decreased ~3% upon PRDX2 overexpression
(Fig. 5B; P<0.01). However, PRDX?2 overexpression showed
no effects on TNF-a-induced necrosis and basal level of cell
death (Fig. 5A and B). Together, these data confirm that PRDX2
antagonizes TNF-a-induced apoptosis, but not necrosis, in
SMMC-7721 cells.

PRDX?2 knockdown led to enhanced ROS generation in
response to H,0,. As a member of the peroxiredoxin family
of antioxidant enzymes, PRDX2 should exert its protective
effects under oxidative stress by reducing ROS generation (4).
In this regard, SMMC-7721 cells were transfected with PRDX?2
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Figure 6. PRDX2 knockdown led to enhanced ROS generation in response
to H,0,. SMMC-7721 cells were transfected with PRDX2 siRNA or non-tar-
geting control siRNA; 72 h later, cells were treated with or without 300 xM
H,0, for 30 min. ROS generation was measured by incubating cells with
carboxy-H,DCFDA simultaneously, followed by flow cytometry. M, mean
fluorescence value; PRDX2, peroxiredoxin 2; siRNA, small interfering RNA
ROS, reactive oxygen species.
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siRNA or non-targeting control siRNA. A total of 72 h later,
cells were treated with or without 300 M H,O, for 30 min.
ROS generation was measured by incubating cells with
carboxy-H,DCFDA simultaneously. Flow cytometry revealed
that H,O, significantly induced ROS generation (Fig. 6). As
expected, PRDX?2 knockdown led to enhanced ROS genera-
tion in response to H,O, (Fig. 6).

Discussion

The role of PRDX2 in HCC remains unknown. The present
study demonstrated that PRDX2 is expressed in HCC
SMMC-7721 cells and prevents ROS generation and cell death
under oxidative stress. These findings imply a pro-tumorigenic
role for PRDX?2 in HCC.

Besides preventing H,0,-induced cell death, PRDX2 also
serves a role in TNF-a-induced cell death. It is known that
TNF-a induces both apoptosis and programmed necrosis,
which are mediated by distinct signaling pathways (12). The
present study further supports this notion: It was demonstrated
that PRDX2 only inhibits TNF-a-induced apoptosis, but does
not affect TNF-a-induced necrosis even at early time point.
Thus, ROS contributes to apoptosis pathway, but not the
necrosis pathway, in response to TNF-a.

In addition, it should be noted that the effects of PRDX?2 on
ROS-mediated cell death in HCC SMMC-7721 cells are weak.
It is possible that other members of the peroxiredoxin family
of antioxidant enzymes serve more important roles. It is also
possible antioxidant enzymes of this type are not major players
in cells of liver origin.
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