
Abstract. Background/Aim: Peroxiredoxin (Prx) V has been
known as an antioxidant enzyme which scavenges intracellular
reactive oxygen species (ROS). Also, Prx V has been shown to
mediate cell apoptosis in various cancers. However, the
mechanism of Prx V-induced apoptosis in colon cancer cells
remains unknown. Thus, in this study we analyzed the effects
of Prx V in β-lapachone-induced apoptosis in SW480 human
colon cancer cells. Materials and Methods: β-lapachone-
induced apoptosis was analyzed by the MTT assay, western
blotting, fluorescence microscopy, Annexin V staining and flow
cytometry. Results: Overexpression of Prx V, significantly
decreased β-lapachone-induced cellular apoptosis and Prx V
silencing increased β-lapachone-induced cellular apoptosis via
modulating ROS scavenging activity compared to mock SW480
cells. In addition, to further explore the mechanism of Prx V

regulated β-lapachone-induced SW480 cells apoptosis, the
Wnt/β-catenin signaling was studied. The Wnt/ β-catenin
signaling pathway was found to be induced by β-lapachone.
Conclusion: Prx V regulates SW480 cell apoptosis via
scavenging ROS cellular levels and mediating the Wnt/β-
catenin signaling pathway, which was induced by β-lapachone.

Colon cancer is the third most common cancer, and the
fourth most common cause of cancer-related mortality
worldwide (1, 2). According to the statistics of World Health
Organization (WHO), 1.36 million new colon cancer cases
and 0.69 million deaths have been reported worldwide in
2014.The survival rate of advanced colon cancer is very low.
As American Cancer Society has reported, the 5-year
survival rates of stage III and stage IV colon cancer are 53%
and 11%, respectively (3). Therefore, a clear understanding
of the underlying molecular mechanisms of colon cancer is
necessary for the development of successful early diagnostic
strategies and therapeutic management of colon cancer. Thus,
we focused on the mechanism of action of the antioxidant
enzyme system in colon cancer cells. 

Members of the peroxiredoxin (Prx) family, a family of
antioxidant enzymes, have been reported to maintain the
redox balance in cells by functioning as reactive oxygen
species (ROS) scavengers. These members are capable of
converting H2O2 to H2O and mediating signal transduction
in mammalian cells (4). Among the family members, Prx V
is the fifth subfamily of peroxiredoxins, has atypical 
2-Cys and is widely distributed in the cytoplasm and
mitochondria (5). It has been reported that the expression of
Prx V is positively correlated with radio-resistance in
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multiple lung carcinoma cell lines (6). A previous study has
constructed a U1810 lung carcinoma cell line where Prx V
was down-regulated or had impaired enzymatic function and
demonstrated the increased sensitivity of these cells to the
anticancer drugs etoposide and adriamycin. Pre-treatment of
these cells with antioxidant N-acetyl-cysteine (NAC) did not
change their sensitivity to adriamycin. Therefore, these
results revealed the involvement of Prx V in non-redox
activities (6). Furthermore, our previous studies have shown
that Prx V levels are associated with LPS stimulation in
microglia. In an effort to determine the effects of Prx V on
oxidative stress-induced cell apoptosis of colon cancer cells,
we found that Prx V expression is down-regulated and ROS
levels are increased during β-lapachone-induced SW480
colon cancer cell apoptosis. However, the roles and
molecular mechanisms of Prx V in β-lapachone-driven cell
apoptosis are not clearly known.

β-lapachone is a natural naphthoquinone compound
extracted from the South American lapacho tree with anti-
oxidative stress and anti-cancer activities (7). β-lapachone
increases NAD(+)/NADH ratio in kidney and decreases the
renal levels of nuclear p-NF-κB and its correspondent
downstream effectors TNF-α, IL-1β, IL-6, and iNOS to play
a protective role against DOX-induced nephrotoxicity in
mice (8). In addition, recent studies have shown that the anti-
cancer effects of β-lapachone are performed through the
inhibition of type II topoisomerase, activation of NAD(P)H:
Quinone oxidoreductase I and induction of oxidative stress
in numerous cancers (9-13).

In this study, we observed decreased Prx V expression in β-
lapachone-induced SW480 cell apoptosis. Therefore, to further
understand the regulatory function of Prx V, the Prx V silenced
(shPrx V), mock and Prx V overexpressed (Prx V-His)
ASW480 cells were constructed using lentiviral vectors.
Cellular apoptosis, ROS levels and apoptosis-related protein
expression were also analyzed after treatment of these
constructed SW480 cells with β-lapachone. Furthermore, we
verified the signaling pathway associated with Prx V in the cell
apoptosis process. Altogether, our findings further our
understanding of Prx V functions in colon cancer which may
be helpful for the successful management of treatments.

Materials and Methods
Chemicals. Dulbecco’s modified Eagle’s medium (DMEM) and fetal
bovine serum (FBS) were purchased from Hyclone (General
Electric Healthcare Life Sciences, Mississauga, Canada), penicillin
streptomycin (P/S) was purchased from solarbio (Solarbio life
sciences, Beijing, P.R. China), and β-lapachone was purchased from
Selleck (Selleck Chemicals, Houston, TX, USA).

Cell culture. The human colon cancer cell line (SW480) was
obtained from the American Type Culture Collection (ATCC, VA,
USA). Cell cultures were maintained in DMEM supplemented with
10% (v/v) FBS and penicillin and streptomycin (100 U/ml and 100

μg/ml, respectively), and incubated at 37˚C and 5% CO2. Cells were
sub-cultured every two days.

Generation of stable Prx V knockdown and over-expressed SW480
cells. Short hairpin RNA (shRNA) specific to Prx V (shPrx V LV3,
H1&Puro), his-tag Prx V LV3 (H1&Puro) and control shRNA LV3
(H1&Puro) lentivirus vectors were purchased from Shanghai
GenePharma Co., Ltd. (Shanghai, China). The corresponding
multiplicity of infection was used for transfection according to the
lentiviral titer provided by the company. The infection volumes
were 200, 200 and 100 for MOCK, shPrx V and Prx V
overexpression cells, respectively. The volume of the added virus
was calculated by the equation: (unit: ml)=the number of cells
exposed to lentivirus × MOI/lentivirus titer (Unit: TU/ml). The
targeted sequence of shPrx V was 5’-GGAATCGACGTCTC
AAGAGGT-3’and the targeted sequence of the negative control was
5’-GTTCTCCGAACGTGTCACGT-3’. 1×104/well SW480 cells
were seeded into96-well culture plates 24 h (37˚C and 5% CO2)
prior to transfection. The culture medium was replaced by polybrene
(5 μg/ml; Shanghai GenePharma Co., Ltd.) and packed lentivirus
with a 48-h multiplicity of infection, and subsequently replaced with
complete culture medium (DMEM with 10% FBS and antibiotics).
Infected cells were selected by treatment with puromycin and
genetic in expression levels of Prx V protein were analyzed by
western blotting and fluorescent images were taken using a
fluorescence microscope three days after selection.

Western blotting analysis. Cell protein lysates were separated on
12% sodium dodecyl sulfate-polyacrylamide gels and transferred
onto nitrocellulose membranes (Millipore, Bedford, MA, USA).The
membranes were blotted with primary antibodies against Prx V, his-
tag, Bcl-2, Bad, caspase3, Gsk3-β, β-catenin (Santa Cruz, CA,
USA), and β-actin (Sigma, St. Louis, MO, USA) at 4˚C overnight.
The membranes were washed five times with 10 mM Tris-HCl 
(pH 7.5) containing 150 mM NaCl (Tris-buffered saline, TBS) and
0.2%Tween 20 and subsequently incubated with horseradish
peroxidase-conjugated goat anti-rabbit IgG (Sigma) or anti-mouse
IgG (Sigma) for 1 h at room temperature. After the removal of
excess antibodies by washing with TBS, specific binding was
detected using a chemiluminescence detection system (Amersham,
Berkshire, UK) according to the manufacturer's instructions.

Cell viability assay. Cell viability was examined by an MTT assay.
SW480 cells were inoculated in a density of 10,000 cells per well in
96-well plates and treated with 0-2.5μM of β-lapachone for 24 h (37˚C
and 5% CO2), while control cells were incubated with media without
β-lapachone. The accumulation of formazan (dissolved with
dimethylsulfoxide) was determined following the addition of MTT
reagent (5 mg/ml) and the absorbance was measured at a wavelength
of 490 nm. Absorbance was detected by a UV max Kinetic microplate
reader (Molecular Devices, LLC, Sunnyvale, CA, USA).

Cell apoptosis and ROS detection. To confirm the rate of cell
apoptosis and ROS levels, β-lapachone-treated SW480 cells were
recovered using trypsin, re-suspended with PBS and stained with
AnnexinV-Phycoerythrin (PE) (for apoptosis) and DHE (for ROS),
with the apoptosis/ROS detection kit according to the
manufacturer’s protocol (BD Biosciences, Franklin Lakes, NJ,
USA). The Annexin-PE and DHE positive cells were tested by
fluorescence microscopy and flow cytometry on a BD FACS
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Calibur (BD Biosciences). The results were analyzed with WinMIDI
(version 2.9; BD Biosciences) software.

Statistical analysis. The data are depicted as the means±SEM.
Student’s t-tests were performed using GraphPad Prism 4.0 software
(GraphPad Software Inc., San Diego, CA, USA), and p<0.05 was
considered to indicate a significant difference.

Results

Expression of Prx V is increased in colon cancer tissues
compared to normal colorectal tissues. Elevated expression
levels of Prx V have been reported in colon cancer tissues
compared with normal tissues (14). Therefore, to compare
the expression of Prx V in colon cancer tissues with normal
colon tissues, we used the GEPIA website from the ATGC
database. As shown in Figure 1A, we first analyzed the

expression of Prx family members in normal and cancerous
colon tissues. Among all the family members, Prx V
expression was significantly higher compared to other Prx
family members in both tissue types. When comparing
normal and cancerous colon tissues, Prx V expression was
higher in cancerous tissues than normal tissues as shown in
Figure 1A and B. Also, no significant change in the
expression of Prx V between the four stages of colon cancer
was observed (Figure 1C).

Confirmation of Prx V expression in constructed mock, shPrx
V and Prx V-His SW480 CRC cells. The purpose of this
study was to check the potential role of Prx V in colon
cancer cell apoptosis. Therefore, we constructed Prx V
silenced (shPrx V), overexpressed (Prx V-His) and mock
SW480 cells using lentiviral vectors for our further studies
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Figure 1. Expression of Prx V in normal and cancerous colon tissues.
(A) The expression of peroxiredoxin family members in normal and
cancerous colon tissues. (B) The expression of Prx V in normal and
cancerous colon tissues. (C) The expression of Prx V in four stages of
colon cancer as obtained by GEPIA website from ATGC database. 



on apoptosis. As shown in Figure 2A, we confirmed the
construction of the different SW480 colon cancer cell lines
by fluorescence microscopy and then by western blot
analysis. As shown in Figure 2B, expression of Prx V was
significantly reduced in shPrx V cells compared with control
and mock cells. Similarly, construction of Prx V
overexpressed cells was further confirmed by the higher
expression of His-Prx V as shown in Figure 2C.

Prx V suppresses β-lapachone-induced apoptosis of SW480
CRC cells. To induce apoptosis, β-lapachone was used, as
it has already been reported that β-lapachone induces

apoptosis and cell cycle arrest of colon cancer cells (15). It
has also been demonstrated that β-lapachone is capable of
inhibiting lung metastasis of colon cancer cells (16).
Similarly, our results also showed that mock, shPrx V and
His-Prx V SW480 colon cancer cell viability was reduced
with increasing concentrations of β-lapachone (0 μM, 1
μM, 1.5 μM, 2 μM, and 2.5 μM) for 24 h as shown in
Figure 3A by the MTT assay. Interestingly, the results
showed that compared to Mock cells, shPrx V cells had a
prominent reduction in cell viability. However, the viability
of His-Prx V cells was higher than that in Mock SW480
cells as shown in Figure 3A. To further study the role of
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Figure 2. Successful generation of Mock, shPrx V and Prx V-His
SW480 cell lines. (A) Fluorescence imaging of the constructed
cell lines to detect GFP. (B) Western blotting to assess the
expression of Prx V in 3 constructed cell lines and confirm the
successful generation of cell lines. (C) Western blotting to
examine the expression of Prx V-His in Prx V-His cell line. The
protein expression is presented as the means±standard deviation,
*p<0.05, **p<0.01, ***p<0.01. Three independent replicates
were performed for all the experiments.



Prx V in colon cancer cell apoptosis, we conducted
Annexin V staining assay after treating Mock, shPrx V and
His-Prx V cells with 2 μMof β-lapachone for 24h. As
shown in Figure3B, apoptosis was higher in shPrx V cells
and lower in Prx V-His cells compared to Mock SW480
cells. These Prx V effects on colon cancer cell apoptosis
were confirmed by flow cytometry as shown in Figure 3C.
Quantification of the percentage apoptotic cell death is
presented in Figure 3D. These results suggested that Prx V
is capable of inhibiting apoptosis caused by β-lapachone in
SW480 colon cancer cells.

Overexpression of Prx V significantly affects apoptosis-related
protein expression in colon cancers. To further study the role of
Prx V in colon cancer cell apoptosis, western blotting was used
to examine the expression of apoptosis-related proteins such as
Bcl2, Bcl-xL and Bad in β-lapachone-treated Mock, shPrx V

and His-Prx V SW480 cells. Bcl2 and Bcl-xL are considered as
anti-apoptotic proteins which inhibit apoptosis (17) and Bad is
considered as a pro-apoptotic protein which promotes cell
apoptosis (18). As shown in Figure 4A, B and C, the expression
of Bcl2 was reduced upon treatment with β-lapachone, however
the reduction was more significant in Mock and shPrx V cell
lines compared to Prx V-His cells. As a shown in Figure 4A, B
and C, treatment of Mock and shPrx V transfected cells with β-
lapachone resulted in higher decrease in the expression of Bcl-
xL protein compared to β-lapachone-treated Prx V-His SW480
cells. Moreover, the expression of pro-apoptotic Bad protein
was increased at higher levels in Mock and shPrx V SW480
cells with β-lapachone compared to Prx V-His cells. These
results suggest that Prx V modulates the expression of
apoptosis-related proteins in colon cancer cells and confirm that
Prx V plays a pivotal role in colon cancer cell apoptosis induced
by β-lapachone.
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Figure 3. Prx V is associated with apoptosis of colon cancer cells. (A) Cell viability of Mock, shPrx V and Prx V-His SW480 cells after treatment
with β-lapachone in a dose-dependent manner (0, 1, 1.5, 2 and 2.5 μM) (B) Annexin V-PE staining (C) flow cytometry and (D) quantitative data of
flow cytometry to observe the effects of treatment for 24 h with 2 μM β-lapachone.



β-lapachone induced ROS levelsinSW480 cells are
influenced by Prx V expression levels. Increased levels of
ROS are related with colon cancer cell apoptosis (19).
Therefore, we investigated the effect of Prx V on 
β-lapachone induced ROS levelsinSW480 cells. As shown in
Figure 5A, B and C, fluorescence microscopic images of
DHE and DAPI staining, flow cytometry and quantitative
data showed that ROS levels are increased significantly upon

treatment of Mock and shPrx V SW480 cells with 
β-lapachone. However, ROS levels were not significantly
increased in β-lapachone-treated Prx V-His cells. These
results demonstrate that overexpression of Prx V regulates
tSW480 cell apoptosis via scavenging cellular ROS levels. 

Overexpression of Prx V significantly reduces β-lapachone
induced apoptosis by inhibiting the Wnt/ β-catenin signaling
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Figure 4. Prx V modulates the expression of apoptosis-related protein in colon cancers. (A) Western blotting of extracts of Mock, shPrx V and Prx
V-His transfected cells, to investigate the effect of 2 μM of β-lapachone on the expression of apoptosis-related proteins pro-caspase 3, Bcl2, Bcl-xL
and Bad. (B, C) The quantitative expression of western blotting data.



pathway. To explore the underlying mechanism of the effect
of Prx V in β-lapachone-induced apoptosis in SW480 colon
cancer cells, the expression levels of Gsk3-β and β-catenin,
two proteins involved in the Wnt/β-catenin signaling
pathway, were analyzed. As shown in Figure 6A, B and C,
western blot analysis showed that the expression of 
p-Gsk3- β/Gsk3- βwas higher in Prx V-His cells than Mock

and shPrx V SW480 cells. In contrast, the expression of 
p-β-catenin/ β-catenin was reduced in Prx V overexpressed
cells compared with Mock and shPrx V SW480 cells.
Altogether, these data suggest that overexpression of Prx V
may modulate β-lapachone-induced apoptosis of SW480
colon cancer cells through the Wnt/β-catenin signaling
pathway.
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Figure 5. Over-expression of Prx V reduces β-lapachone-induced SW480 cell apoptosis. (A) DHE and DAPI staining of Mock, shPrx V and Prx V-
His SW480 colon cancer cells after treatment with 2 μM of β-lapachone for 24 h. (B) Flow cytometric analysis and (C) its quantification of the
results. 



Discussion

Colon cancer is responsible for almost 700,000 deaths
every year worldwide. The incidence of colon cancer is
higher in developed countries and is increasing
continuously (1). Colon cancer requires around 2-5 years
to develop, allowing time for early diagnosis if the proper
diagnostic facilities are available (20). Currently, there are

two main strategies available to prevent colorectal cancers
including primary prevention which targets the risk factors
of colon cancer and secondary prevention which aims to
early detection of pre-neoplastic or neoplastic lesions in the
large bowel (21). Therefore, future studies are required to
develop new strategies for early diagnosis of colon cancer
and prevention of colon cancer by targeting underlying
mechanisms. 
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Figure 6. Overexpression of Prx V affects β-lapachone-induced apoptosis through Wnt/β-catenin signaling pathway. (A) Western blotting to examine
the changes in the expression of Wnt/ β-catenin signaling pathway-related proteins in Mock, shPrx V and Prx V-His SW480 cell lines after treatment
with 2 μM of β-lapachone for 24 h. (B, C) Quantitation of the western blotting results.



In this study, we focused on the peroxiredoxin family, a large
and conserved antioxidant enzyme family (22), in colon cancer
cells and its role in colon cancer cell apoptosis. Involvement of
Prx family members in the different stages of numerous cancers,
including colon cancer, has already been reported in previous
studies (23-25). Therefore, first we checked the expression of
Prx family members in colon cancer tissues compared with
normal colon tissues using GEPIA website from the ATGC
database. According to our data, all Prx family members except
Prx VI were highly expressed in colon cancer tissues compared
to normal colon tissues. Among them, the expression of Prx V
was increased in both colon cancer and normal colon tissues
compared with other Prx family members. 

Therefore, we have focused on the expression of Prx V in
colon cancer tissues. Our results further confirmed that the
expression of Prx V is higher in colon cancer tissues than
normal colon tissues and also showed that there is no change
in Prx V expression between the four stages of colon cancer.
Also, Prx V has already been reported to promote the
epithelial-mesenchymal transition (EMT) in colon cancer
(14), but, its effects on colon cancer cell apoptosis have not
been reported. Thus, to further understand the role of Prx V
in colon cancer cell apoptosis, we constructed 3 stable
SW480 cell lines including control (Mock), Prx V down-
regulated (shPrx V) and Prx V overexpressed (Prx V-His).
These cell lines were then utilized for studying the
relationship between the expression of Prx V and colon
cancer cell apoptosis. β-lapachone was used to induce cell
apoptosis of colon cancer cells. β-lapachone has already
been identified for its ability to induce cell-cycle arrest and
cell apoptosis in colon cancer (15).

Induction of colon cancer cell apoptosis by β-lapachone was
confirmed by a dose-dependent (0, 11.5, 2 and 2.5 μM)
treatment of cells and analysis of cell viability by MTT assay.
Based on these data, we selected 2 μM of β-lapachone treatment
for 24 h as the standard for further experiments. In our current
study, we observed that overexpression of Prx V inhibited the β-
lapachone-induced colon cancer cell apoptosis by Annexin V
staining and flow cytometry. Moreover, Prx V also modulated
the expression of apoptosis-related markers in colon cancer cells.
Altogether, these data indicated that the overexpression of Prx
V suppresses cell apoptosis in colon cancers. Not only cell
apoptosis but also the levels of ROS in colon cancer cells
induced by β-lapachone were affected by the overexpression of
Prx V as observed by DHE, DAPI staining and flow cytometry.
Taken together, these results demonstrated that Prx V protects
colon cancer cells by inhibiting ROS-mediated cell apoptosis
(26). It has been reported that the β-catenin signaling pathway
is involved in the apoptosis of colon cancer cells (27, 28).
Therefore, to investigate whether Prx V-mediated inhibition of
colon cancer cell apoptosis is related with the Wnt/β-catenin
signaling pathway, we conducted western blotting to analyze the
expression of proteins involved in the pathway. p-Gsk3-β/ Gsk3-

βwas higher in Prx V-His cells than Mock and shPrx V SW480
cells. Furthermore, p-β-catenin/β-catenin levels were reduced in
Prx V-His cells compared with Mock and shPrx V SW480 cells.
Altogether, these results confirmed that the Prx V-mediated
inhibition of colon cancer cell apoptosis is associated with Wnt/
β-catenin signaling pathway. 

In conclusion, we showed that overexpression of Prx V
inhibits cell apoptosis via regulating ROS levels and Wnt/ 
β-catenin signaling pathway in colon cancers. Expression of
apoptosis-related markers was also affected by the levels of Prx
V. Taken together, these results provide a new insight into the
underlying mechanisms of colon cancer cell apoptosis related
to the expression of Prx V. However, further studies should be
conducted to understand these mechanisms in depth. 
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