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Abstract. Although human peroxiredoxin 2 (PRDX2) has been 
implicated in tumor progression (e.g., invasion and metastasis), 
little is known regarding its role in the epithelial‑mesenchymal 
transition (EMT) process during tumorigenesis. The present 
study offers the first evidence, to the best of our knowledge, 
that the antioxidant enzyme PRDX2 has an important role in 
regulating the EMT process. It was demonstrated that over-
expression of PRDX2 leads to changes in cell morphology 
in vitro and potent inhibition of the transforming growth factor 
(TGF)‑β1‑induced EMT and cell migration of colorectal 
cancer (CRC) cells. Furthermore, PRDX2 regulates the expres-
sion of EMT markers, EMT‑related transcription factors and 
metastasis‑related factors in CRC cells. These results provide 
new insight into the role of PRDX2 in regulating EMT, cell 
migration and metastasis of CRC cells. It was concluded that 
the upregulation of PRDX2 may be correlated with EMT and 
contributes to the pathogenesis of CRC by inhibiting EMT, 
cell migration and metastasis. Taken together, these findings 
suggest that PRDX2 may be a key regulator of invasion and 
metastasis by inhibiting EMT of CRC cells, and also identifies 
a therapeutic strategy to effectively decrease the lethality of 
highly malignant types of CRC.

Introduction

Colorectal cancer (CRC), which mainly originates from 
the intestinal epithelium as premalignant lesions, termed 
adenomas, is one of the most commonly diagnosed cancers 

in males and females worldwide (1). Despite prompt surgical 
removal followed by adjuvant therapy, which is often suitable 
in the early stages of the disease, the majority of patients still 
undergo therapeutic resistance and recurrence. Therefore, 
investigation of the genetic and molecular mechanisms that 
contribute to the progression and metastasis of CRC is urgently 
required.

Previous evidence suggests that cancer progression and 
metastasis are tightly associated with epithelial‑mesenchymal 
transition (EMT). EMT is a developmental process that 
involves actin cytoskeleton reorganization and the loss of 
apical‑basal polarity and cell‑to‑cell contact, resulting in the 
conversion of epithelial cells to mesenchymal cells (2,3). Cells 
undergoing EMT are characterized by the loss of E‑cadherin 
and other components of epithelial cell junctions (4), and the 
acquisition of mesenchymal markers, including N‑cadherin 
and Vimentin (5). A series of EMT‑inducing transcription 
factors, including the zinc‑finger proteins Snail and Slug, the 
bHLH factor Twist, the zinc‑finger/homeodomain proteins 
ZEB1 and ZEB2, and the forkhead factor FoxC3, have been 
associated with tumor invasion and metastasis (6). Twist1, like 
other EMT‑inducing transcription factors, including Snail, Slug 
and SIP1, binds DNA through similar E‑box sequence motifs 
and represses E‑cadherin and other epithelial cell adhesion 
molecules. Further studies on different hepatic cellular cancer 
(HCC) cell lines revealed that Twist1 is able to downregulate 
E‑cadherin expression and promote matrix metalloproteinase 
(MMP) activation, specifically in MMP2 and MMP9  (7). 
Transforming growth factor (TGF)‑β1 is a multi‑functional 
cytokine with diverse effects on cancer cells (8). TGF‑β1 is 
perhaps the most common inducer of EMT (9,10). Although 
stimuli, including TGFβ, FGF, EGF, IGF, HGF, PDGF, estro-
gens, Wnt, Shh, inflammatory cytokines or hypoxia, as well as 
oncogenes like RasV12, ErbB2 or mutant p53, may induce EMT 
during cancer progression (3), the triggering and maintenance 
of EMT is mainly orchestrated by three major groups of tran-
scription factors: the ZEB, Snail and Twist families (11).

Peroxiredoxins (PRDXs) constitute a family of antioxidant 
enzymes that control cytokine‑induced peroxide levels, which 
mediate signal transduction in mammalian cells (12). As cancer 

Overexpression of peroxiredoxin 2 inhibits  
TGF-β1-induced epithelial-mesenchymal transition 

and cell migration in colorectal cancer
JIHONG FENG1,  ZHONGXUE FU1,  JINBAO GUO1,  WEIDONG LU1,  KUNMING WEN2,  

WANGSHENG CHEN3,  HAO WANG1,  JILAI WEI1  and  SHOURU ZHANG1

1Department of Gastrointestinal Surgery, The First Affiliated Hospital, Chongqing Medical University, Chongqing 400016;  
2The Affiliated Hospital, Zunyi Medical College, Zunyi, Guizhou 563003; 3The Affiliated Hospital, 

Luzhou Medical College, Luzhou, Sichuan 266003, P.R. China

Received February 12, 2013;  Accepted May 28, 2014

DOI: 10.3892/mmr.2014.2316

Correspondence to: Professor Zhongxue Fu, Department of 
Gastrointestinal Surgery, The First Affiliated Hospital, Chongqing 
Medical University, No. 1 Medical College Road, Chongqing 400016, 
P.R. China
E-mail: fuzhongxue2014@163.com

Key words: peroxiredoxin  2, epithelial-mesenchymal transition, 
transforming growth factor-β1, colorectal cancer



FENG et al:  OVEREXPRESSION OF PEROXIREDOXIN 2 INHIBITS EMT-LIKE PROCESS AND CELL MIGRATION868

cells are known to produce large amounts of reactive oxygen 
species (ROS), it is readily appreciated that overexpression of 
the antioxidant enzyme, peroxiredoxins, may be beneficial for 
cancer cell survival. In addition to the importance of elimi-
nating oxidants, recent evidence has begun to implicate other 
specific roles of antioxidant enzymes in cellular functions, 
via protein‑protein interaction or controlling the local redox 
environment (13). However, the functions of peroxiredoxins 
are not restricted to their antioxidant activities. A number of 
studies have revealed novel functions in self‑defense against 
infection, tissue damages and tumors, through the regulation 
of inflammation (14).

PRDX2, which is a typical 2‑Cys thioredoxin peroxidase 
and a cellular antioxidant that is widely distributed in tissues, 
has been demonstrated to be overexpressed in various types of 
cancer cells and tumor tissues. By virtue of its role in main-
taining the redox state in vivo, PRDX2 is a prime candidate for 
regulating the H2O2 signaling that is initiated by cell surface 
receptors  (15). Previously, it has been well demonstrated 
that PRDX2 may have a protective role against skin aging 
and cellular senescence  (16). Further characterization has 
revealed that PRDX2 is present in the nucleus and enhances 
agent‑induced activation of the JNK/c‑Jun pathway involved in 
repair of damaged DNA (17). By contrast, PRDX2 was recently 
demonstrated to function as a negative regulator of PDGF 
signaling by suppressing the proliferation and migration of 
smooth muscle cells (SMCs) (18). Another study also suggested 
that PRDX2 acts as a growth suppressor to slow the induction 
of leukemia caused by the c‑Myc oncogene (19). These studies 
indicate that PRDX2 may be applicable as not only a predictive 
biomarker, but also a potential therapeutic target. 

However, to the best of our knowledge, evidence of a 
possible correlation between PRDX2 expression and the EMT 
process has not been published. The results from the present 
study indicated that PRDX2 negatively regulates this process 
through a pathway involving the transcription factors Twist1, 
Snail, ZEB1 and ZEB2. Furthermore, the results demonstrated 
that upregulation of PRDX2 may be correlated with EMT and 
contribute to the pathogenesis of CRC by inhibiting EMT, cell 
migration and metastasis.

Materials and methods

Cell culture. The colorectal cancer cell lines, SW480 
and SW620, were respectively derived from tumor stage 
Dukes' type B and C human colorectal adenocarcinoma, 
which were both purchased from American Type Culture 
Collection (ATCC, Manassas, VA, USA) and maintained in 
Leibovitz's 15 (L‑15) cell culture medium (Gibco, Carlsbad, 
CA, USA) supplemented with 10% fetal bovine serum (FBS; 
SH30084.03; Hyclone, Logan, UT, USA) at 37˚C in a humidi-
fied atmosphere with 5% (v/v) CO2. 

Reagents and antibodies. Recombinant human TGF‑β1 
(AF‑100‑21C) was purchased from PeproTech (Rocky Hill, NJ, 
USA). The anti‑hPRDX2 antibody (EPR5154) was obtained 
from Abcam (Cambridge, MA, USA). Rabbit monoclonal 
anti‑human antibodies to E‑cadherin (CDH1), N‑cadherin 
(CDH2), Vimentin (EPR3776), MMP2 (EPR1184) and MMP9 
(EP1254) were purchased from Epitomics (Abcam, San 

Francisco, CA, USA). Anti‑human antibodies against Twist1 
(H‑81), Snail1 (H‑130) and Slug (A‑7) were obtained from Santa 
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Mouse mono-
clonal anti‑human GAPDH and β‑actin antibodies were obtained 
from Tianjin Sungene Biotech, Co., Ltd. (Tianjin, China). The 
HRP‑conjugated goat anti‑mouse or anti‑rabbit antibodies were 
purchased from Beyotime Institute of Biotechnology (Shanghai, 
China). DyLightTM 488 AffiniPure goat anti‑rabbit secondary 
antibody and 4,6‑diamidino‑2‑phenylindole dihydrochloride 
(DAPI; blue fluorescence) were purchased from EarthOx (San 
Francisco, CA, USA). The SYBR Green Quantitative PCR kit 
was obtained from Takara (Dalian, China).

Cloning and transfection. The coding region of the human 
PRDX2 gene was cloned from a human cDNA library 
(GenBank Accession no. NM_005809), full‑length PRDX2 
cDNA was polymerase chain reaction (PCR)‑amplified 
using the following oligonucleotide primers: PRDX2‑F: 
5'‑GAGGATCCCCGGGTACCGGTCGCCA 
C C A T G G C C T C C G G T A A C G C ‑ 3 '  P R D X 2 ‑ R : 
5'‑TCACCATGGTGGCGACCGGATTGTGTTTGGAGAAA 
TATTCC‑3'. Briefly, the resulting fragment was ligated into 
the pUbi‑MCS‑EGFP‑IRES‑Puromycin plasmid (Shanghai 
GeneChem, Shanghai, China) to produce the lentiviral vector 
pUbi‑PRDX2‑MCS‑EGFP‑IRES‑Puromycin, which was 
named LV‑PRDX2. As a control, a lentiviral vector that 
expresses EGFP alone was also generated and was named 
Vector or LV‑CON. The final recombinant lentiviral construct 
also was confirmed by DNA sequencing analysis. 

When the cells reached ~70‑80% confluence, they were trans-
fected by Lipofectamine 2000 (Invitrogen Life Technologies, 
Carlsbad, CA, USA) in accordance to the manufacturer's 
instructions. At 72 h post‑transfection, the cells were observed 
under a fluorescence microscope and the functional overexpres-
sion of PRDX2 was confirmed by western blot analysis. 

Cell migration assay. Cell migration assays were performed 
using a two‑chamber transwell device (Costar, Corning, USA) 
according to the manufacturer's instructions. After the cells were 
transfected by LV‑PRDX2 or LV‑CON for 96 h, 50,000 cells 
that were suspended in L‑15 medium containing 0.1% FBS were 
seeded onto the upper chamber of the device, and 500 µl of L‑15 
medium containing 10% FBS was added to the lower chamber; 
the device was incubated at 37˚C for 36 h. The inner side of 
the upper chamber was then wiped with a wet cotton swab to 
remove the cells, while the outer side of the chamber was gently 
rinsed with phosphate‑buffered saline (PBS) and treated with 
4% paraformaldehyde for 20 min. The membrane was then 
rinsed with PBS again and stained with a 0.1% crystal violet 
staining solution for 30 min. After drying, >3 fields (between 3 
and 8 fields) of the membrane were photographed, and the cells 
that migrated through the membrane were counted in the lower 
wells of the chamber by Countess® Automated Cell Counter 
(Invitrogen Life Technologies). Each experiment was performed 
three times.

RNA isolation and quantitative polymerase chain reac‑
tion (qPCR). Total RNA was isolated using TRIzol reagent 
(Invitrogen Life Technologies). Total RNA concentration 
was determined spectrophotometrically at 260 and 280 nm. 
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cDNA was synthesized using the TaqMan miRNA Reverse 
Transcription kit (Qiagen, Valencia, CA, USA). The mRNA 
level was determined using the SYBR PrimeScript RT‑PCR kit 
(Takara). 

qPCR was performed using the QPCR SYBR Green 
Low ROX Mix (Thermo Fisher Scientific Inc., Rockford, 
IL, USA) according to the manufacturer's instructions. 
The mRNA expression levels of the target genes and 
GAPDH as a normalizing control were analyzed using the 
following primer sets: E‑cadherin, forward: 5'‑CTTCTCTC 
ACGCTGTGTCATC‑3' and reverse: 5'‑CTCCTGTGTTCC 
TGTTAATGGT‑3'; N‑cadherin, forward: 5'‑CGAATGGATG 
AAAGACCCATCC‑3' and reverse: 5'‑GGAGCCACTGCC 
TTCATAGTCAA‑3'; Vimentin, forward: 5'‑AGGCAAAGC 
AGGAGTCCA‑3' and reverse: 5'‑TATCAACCAGAGGG 
AGTG‑3'; Twist1, forward: 5'‑GGCTCAGCTACGCCTTC 
TC‑3' and reverse: 5'‑TCCTTCTCTGGAAACAATGACA‑3'; 
Snail, forward: 5'‑GACCACTATGCCGCGCTCTT‑3' and 
reverse: 5'‑TCGCTGTAGTTAGGCTTCCGATT‑3'; Slug, 
forward: 5'‑TGGTTGCTTCAAGGACACAT‑3' and reverse: 
5'‑GCAAATGCTCTGTTGCAGTG‑3'; ZEB1, forward: 
5'‑TACAGAACCCAACTTGAACGTCACA‑3' and reverse 
5'‑GATTACACCCAGACTGCGTCACA‑3'; ZEB2, forward: 
5'‑CACAGCTCTTCCACCTCAAAGC‑3' and reverse: 
5'‑TTTTGCGAGACAGACAGGAG‑3' and GAPDH, 
forward: 5'‑GCACCGTCAAGGCTGAGAAC‑3' and reverse: 
5'‑TGGTGAAGACGCCAGTGGA‑3'. Thermal cycling condi-
tions comprised 1 step for 10 min at 95˚C followed by 40 cycles 
for 15 sec at 95˚C and for 1 min at 60˚C. Each measurement 
was performed in duplicates and the PCR product quality 
was monitored through post‑PCR melt‑curve analysis. The 
relative values of gene expression were normalized to that of 
GAPDH and calculated using the 2‑ΔΔCt method, where ΔΔCt =  
(ΔCt target gene ‑ ΔCtGAPDH)sample ‑ (ΔCttarget gene ‑ ΔCtGAPDH)control. 
The fold change in relative expression was then determined by 
calculating 2‑ΔΔCt.

Western blot analysis. Total proteins were isolated from frozen 
tissues using lysis buffer (50 mM Tris pH 7.5, 150 mM NaCl, 
10 mM EDTA, 1% NP‑40, 0.1% SDS, 1 mM PMSF and 0.5% 
sodium deoxycholate), and quantified using the Bradford 
method. The cell lysates were separated on 8 or 12% SDS‑PAGE 
gel and transferred onto a PVDF membrane at 90 V for 150 min. 
The blots were incubated with anti‑E‑cadherin, anti‑N‑cadherin, 
anti‑Vimentin, anti‑Twist1, anti‑Snail, anti‑Slug, anti‑MMP2 
and anti‑MMP9 antibodies and developed using the enhanced 
chemiluminescence (ECL) detection system (Bio‑Rad, 
Hercules, CA, USA). The same blot was stripped and reprobed 
with the anti‑β‑actin antibody for use as an internal control. 

Statistical analysis. Data are presented as the mean ± stan-
dard deviation of three independent experiments, and the 
SPSS version 18 software package was used for statistical 
analysis (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered 
to indicate a statistically significant difference.

Results

Forced PRDX2 expression blocks TGF‑β1‑induced EMT and 
cell migration. To investigate whether PRDX2 is involved in 

TGF‑β1‑induced EMT, its expression was transiently forced 
in CRC cells using lentivirus vectors. LV‑PRDX2 or LV‑CON 
were transfected into colorectal cancer SW480 cells, then the 
morphological changes were observed with phase‑contrast 
microscopy and the expression of PRDX2 was detected 
by western blotting (Fig.  1A and C). Compared with the 
untreated cells (Con) and lentiviral vector control (Vector), 
the SW480 cells transfected by LV‑PRDX2 exhibited a change 
of cell accumulation. As observed, the SW480 cells treated 
with TGF‑β1 for 72 h lead to a morphological change from 
an epithelial phenotype to an elongated, spindle‑like mesen-
chymal phenotype. These findings demonstrated that TGF‑β1 
may induce EMT‑like morphological changes in SW480 cells. 
Compared with the control group, the spindle‑like morpho-
logical changes were not observed upon TGF‑β1 addition in 
LV‑PRDX2 transfected cells (Fig. 1B). The result demon-
strated that PRDX2 overexpression eliminated the EMT‑like 
morphological changes of the SW480 cells.

To determine the role of PRDX2 during the EMT‑like 
process, cell migration assays were performed (Fig.  1D). 
Further analysis demonstrated that forced PRDX2 expression 
markedly reduced the TGF‑β1‑increased cell migration in 
the two cell lines compared with the control group (P<0.01; 
Fig. 1E). Collectively, these results demonstrated that forced 
PRDX2 may inhibit TGF‑β1‑induced EMT‑like phenotype 
and cell migration in colorectal cancer cells. 

PRDX2 regulates the expression of EMT markers and 
EMT‑related transcription factors in colorectal cancer cells 
at the mRNA level. To determine the function of PRDX2 
during the EMT‑like process in  vitro, qPCR analysis for 
EMT markers and EMT‑related transcription factors was 
performed. As demonstrated in Fig. 2A, the mRNA level of 
E‑cadherin was markedly higher compared with the control 
group in the SW480 and SW620 cells. However, the mRNA 
level of the mesenchymal markers, N‑cadherin and Vimentin, 
were significantly reduced in comparison with those in the 
control cells. Compared with the control group, overexpres-
sion of PRDX2 significantly increased the mRNA level of the 
EMT‑related transcription factors Twist1, Snail, Slug, ZEB1 
and ZEB2 in CRC cells stimulated with TGF‑β1 for 72 h 
(Fig. 2B). These results revealed that PRDX2 regulates EMT 
markers and EMT‑related transcription factors in CRC cells at 
the mRNA level.

Overexpression of PRDX2 modulates the expression of 
TGF‑β1‑induced EMT markers and EMT‑related transcrip‑
tion factors and metastasis‑related factors. To investigate the 
molecular mechanism of how the overexpression of PRDX2 
modulates the expression of TGF‑β1‑induced EMT, the expres-
sion of EMT marker, EMT master transcription factors and 
metastasis‑related factors was examined using western blot 
analysis. As predicted, the overexpression of PRDX2 resulted 
in the upregulation of the E‑cadherin and downregulation of 
the N‑cadherin and Vimentin. Furthermore, its overexpres-
sion inhibited the expression of the transcription factors 
Twist1, Snail, Slug and metastasis‑related factors MMP2 and 
MMP9 in CVC cells stimulated with TGF‑β1 (Fig. 3). Next, 
the regulatory effects of PRDX2 on EMT markers and the 
transcription factors Twist1 were further confirmed using 
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immunofluorescence staining. The results suggested that 
PRDX2 may have an important role in the EMT‑like process 
by upregulating E‑cadherin and downregulating Vimentin 
and Twist1 (Fig. 4). Together, these data further indicated that 
overexpression of PRDX2 modulates TGF‑β1‑induced EMT 
in CRC cells.

Discussion

In the past decade, numerous studies have reported that the 
EMT process is a morphological event that is crucial to tumor 
migration and invasion in physiological and pathological 
states (20,21). TGF‑β1 has an important role in tumor progres-
sion by inducting EMT (4,22). Although it is well established 
that PRDX2 is involved in cancer progression, little is known 
regarding the function of PRDX2 in the EMT‑like process of 
tumor cells.

In the present study, it was identified that overexpression 
of PRDX2 inhibits CRC cell invasion and TGF‑β1‑induced 
EMT. Therefore, the upregulation of PRDX2 may cause 
MET in CRC cells, which is the reverse process of EMT, 
and associated with cell migration and metastasis. Although 
the cell morphological changes associated with EMT in 
PRDX2 knockdown cells were not studied, the present data 
suggested that forced PRDX2 expression modulates the 
expression of TGF‑β1‑induced EMT markers and its related 

  D

Figure 1. Overexpression of PRDX2 represses TGF-β1-induced EMT and cellular migration in CRC cells. (A) Morphological changes of SW480 cells cultured 
under different conditions were analyzed by an inverted microscope. Con: negative control; Vector: lentiviral vector control; PRDX2: LV-PRDX2. (B) SW480 
cells were treated with TGF-β1 (5 ng/ml) for 72 h, the cell morphological changes associated with EMT are demonstrated in the phase contrast image. 
(C) SW480 cells were transfected by LV-PRDX2 or LV-CON (vector) for 96 h, the expression of PRDX2 was analyzed by western blotting. β-actin served as 
the loading control. (D) Migration assay of the SW480 and SW620 cells. The cells transfected with LV-PRDX2 or LV-CON were stimulated with TGF-β1 (5 ng/
ml) for 48 h, and the morphological changes were observed with a phase-contrast microscopy (magnification, x100). (E) The number of cells that migrated 
to the lower surface of the membrane per field was counted and quantified (magnification, x200). **P<0.01 vs. Vector. PRDX2, peroxiredoxin 2; TGF-β1, 
transforming growth factor‑β1; EMT, epithelial‑mesenchymal transition; CRC, colorectal cancer.

Figure 2. Upregulation of PRDX2 regulates the expression of EMT markers 
and EMT-related transcription factors in SW480 and SW620 cells stimulated 
with TGF-β1 for 72 h. (A) The expression levels of E-cadherin, N-cadherin 
and Vimentin mRNA were analyzed by qPCR. (B) The expression levels of 
Snail, Slug, ZEB1 and ZEB2 mRNA were analyzed by qPCR. The results are 
shown as the fold changes compared with those of LV‑Control‑transfected 
cells. *P<0.05, compared with the control. PRDX2, peroxiredoxin 2; TGF-β1, 
transforming growth factor‑β1; EMT, epithelial‑mesenchymal transition.

  A   B
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  E

  A

  B



MOLECULAR MEDICINE REPORTS  10:  867-873,  2014 871

transcription factors, which indicates a potential role of 
PRDX2 in TGF‑β1‑mediated biological functions. In addition, 
PRDX2 negatively regulated the metastasis‑related factors, 
MMP2 and MMP9, suggesting that PRDX2 may be a new 
regulator of metastasis in CRC patients.

Previously, the expression of peroxiredoxins in 
mammalian cells, particularly peroxiredoxin1 (PRDX1) 
and PRDX2, has been considered to be indicative of 
signal peroxidases receiving, transducing and transmitting 

peroxide signals  (23‑25). However, a similar response of 
the ASK1‑p38 pathway in knocking down PRDX1 and 
overexpressing PRDX2 suggested that the two cytosolic 
peroxiredoxins have distinct roles in the cellular peroxide 
response (23). Previously, one study reported that PRDX1 
overexpression may enhance the TGF‑β1‑induced EMT and 
cell migration, whereas knockdown of PRDX1 significantly 
inhibited the TGF‑β1‑induced EMT and cell migration in 
lung cancer cells (26). These findings proved that PRDX2 

Figure 3. Expression of E-cadherin, N-cadherin, Vimentin, Twist1, Snail, Slug, MMP2 and MMP9 were analyzed by western blotting, and β-actin was used as 
a loading control. NC, negative control; LV-Con, lentiviral vector control; PRDX2, peroxiredoxin 2; MMP, matrix metalloproteinase.

Figure 4. The expression of E-cadherin, Vimentin and Twist1 in LV-PRDX2-transfected or LV-Control-transfected cells were detected using immunofluorescence 
staining and phase-contrast microscopy. The cells were stained for E-cadherin, Vimentin or Twist1 (Red) and counter-stained with DAPI (blue; magnification, 
x200). PRDX2, peroxiredoxin 2.
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and PRDX1 may have opposing roles in the regulation 
of the TGF‑β1‑induced EMT and cell migration in cancer 
cells. Further investigations are required to determine the 
molecular link between the two 2‑Cys peroxiredoxins and 
EMT‑related transcription factors.

It has recently been demonstrated that the progression 
from normal intestinal mucosa to adenoma (adenomatous 
mucosa) and finally to adenocarcinoma in CRC is closely 
correlated with the EMT process and changes in the expres-
sion of a series of genes, including E‑cadherin, Vimentin and 
β‑catenin (27). Another study revealed that PRDX2 may be 
a novel invasion and metastasis suppressor due to its ability 
to increase the formation of E‑cadherin/β‑catenin complexes 
in melanoma (28). Our previous studies demonstrated that 
overexpression of PRDX2 promoted cell proliferation 
and prevented oxidation‑induced apoptosis  (29), whereas 
silencing of PRDX2 expression led to increased apoptosis 
and decreased proliferation by the Wnt/β‑catenin pathway 
in CRC cells  (30). Furthermore, upregulation of PRDX2 
resulted in the elimination of intracellular H2O2 (31), which 
negatively modulated the Wnt signal pathway by downregu-
lating β‑catenin (32). Key targets of the pathways that induce 
EMT include the adherens junction components E‑cadherin 
and β‑catenin. Therefore, PRDX2 may be involved in cell 
adhesion by stabilizing the E‑cadherin/β‑catenin complexes, 
and overexpression of PRDX2 may repress EMT and cell 
migration by activating the Wnt/β‑catenin pathways. This 
hypothesis is consistent with the behavior of PRDX2 in 
modulating the EMT signal pathway. In vivo and in vitro 
model systems have allowed the characterization of various 
pathways leading to EMT and EMT‑like phenotypes. 
Downregulation of E‑cadherin is a critical initial step in 
EMT, not only because of the disruption of adherens junc-
tions but also because loss of E‑cadherin reinforces the EMT 
process by inducing the expression of Twist1 and ZEB1 in 
a feed‑forward loop (33). As EMT‑activating transcription 
factors, particularly Snail, Slug, Twist, SIP1/ZEB are able 
to negatively regulate the expression of E‑cadherin  (34). 
Although the transcriptional regulatory networks that 
orchestrate the EMT process remain unclear, it is possible 
that PRDX2 may regulate the signaling pathways that induce 
E‑cadherin regulators and modulate the EMT‑related tran-
scriptional factors. Extensive functional studies are therefore 
required to select candidate proteins for further validation.

In conclusion, although the mechanism of PRDX2 that 
is involved in the EMT‑like process has not been fully 
illustrated, the data implicated PRDX2 in transcriptional 
regulation of the TGF‑β1‑induced EMT and cell migration. 
The present findings demonstrated that PRDX2 may have 
a crucial role by impeding EMT in CRC cells, and implies 
that it represses cell migration and metastasis of CRC cells 
by controlling the expression of genes that are crucial for 
the TGFβ1‑induced EMT. In addition, when the specific 
agents involved in the process of metastasis by inducing 
EMT are further identified, therapeutic strategies may be 
developed that target silencing of oncogenes or upregulating 
the EMT‑mediated gene. Designing therapeutics targeting 
PRDX2 may offer a novel strategy for developing treatments 
for improving the prognosis for highly malignant types of 
CRC.
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