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Objective: Our study aimed to investigate the interaction between peroxiredoxin 1 (Prx1) and
forkhead box O3 (FOXO3) and to explore the role of PI3K/AKT pathway in the development
of pancreatic cancer.
Material and methods: Human pancreatic normal cells HPDE6-C7 and pancreatic cancer
cells PANC-1 were randomly divided into control group, Prx1-silencing (si-Prx1) group, Prx1/
FOXO3 dual-silencing (si-Prx1/FOXO3) group, and negative control group. Cell proliferation
assay, clone formation assay, and cell apoptosis assay were performed to investigate the effects
of Prx1 silencing and FOXO3 silencing on the proliferation and apoptosis ability of pancreatic
cancer cells. qRT-PCR and Western blot were performed to study the Prx1 and FOXO3 mRNA
in the two cells and FOXO3 protein expression in PANC-1 cells.
Result: We found Prx1 silencing could inhibit growth and promote apoptosis of PANC-1 cells.
And Prx1 silencing could decrease the Prx1 mRNA level and increase FOXO3 mRNA level.
To further explore the role of Prx1 in PI3K/AKT, we study the cell proliferation and apoptosis
ability after adding the PI3K inhibitor and PI3K activator. We observed that PI3K inhibitor could
inhibit tumor cell growth and promote cell apoptosis. And PI3K inhibitor also downregulated
Prx1 protein expression.
Conclusion: We concluded that the Prx1 silencing inhibited the growth and promoted
apoptosis of pancreatic cancer cells via modulation of PI3K/AKT pathway by targeting
FOXO3 gene.
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Pancreatic cancer is a kind of malignant tumor developed from the cells in the pancreas.
Although pancreatic cancer can be divided into many different subtypes according to
the pathological features, pancreatic adenocarcinoma, as the dominant type, accounts
for about 85% of all the cases.1 As one of the main causes of cancer-related death, about
200,000 patients died of pancreatic cancer worldwide every year.2 In China, the mortality rate of pancreatic cancer almost reaches the incidence due to the poor p rognosis.3
Although a variety of treatment strategies, including chemotherapy, radiotherapy, and
so on, have been developed for pancreatic cancer, surgical resection is still the standard
treatment for this disease. Patients with pancreatic cancer are usually diagnosed at
advanced stage and only less than 20% of them can be treated with surgery.4 Previous
studies have shown that the occurrence of pancreatic cancer is significantly affected by
a variety of factors including male gender, smoking, aging, imbalanced diet structure,
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obesity, diabetes mellitus, and so on.5 However, our understanding on the pathogenesis of pancreatic cancer is still
limited. The development of pancreatic cancer is a complex
process with multiple genetic factors involved. Therefore,
the in-depth studies on the mechanism of pancreatic cancer
at gene level may facilitate the identification of novel targets
for the treatment of pancreatic cancer.
Peroxiredoxin-1 (Prx1) is a kind of antioxidant enzymes
that can reduce alkyl hydroperoxides and hydrogen peroxide.6
As an enzyme that can combat oxidative stress, Prx1 is proved
to be involved in the development of a variety of human diseases.7 Previous studies have shown that Prx1 can play a role
as tumor suppressor gene, while in other types of cancers,
the overexpression of Prx1 can promote the progression of
tumor.8 It has been shown that the expression level of Prx1
is upregulated in patients with pancreatic cancer, and the
elevated expression level of Prx1 may serve as a marker for
the diagnosis and prognosis of pancreatic cancer.9 However,
the molecular mechanism of the function of Prx1 in pancreatic cancer is still unclear. Forkhead box O3 (FOXO3) is a
member of the O subclass of transcription factor forkhead
family, which is featured by a distinct forkhead DNA-binding
domain. The downregulation of FOXO3 was observed in the
development of various human cancers and has been proven
to be involved in tumorigenesis.10 However, functionality of
FOXO3 in pancreatic cancer still has not been well studied.
Asano et al reported that the PI3K/AKT pathway is significantly active in pancreatic cancer cells.11 Activation of the
PI3K/AKT pathway may result in increased tumor cell proliferation and the inhibition of tumor cell apoptosis.12,13AKT
plays an important role in cell viability and proliferation.12,13
PI3K triggers production of phospholipids that anchor AKT
to the plasma membrane where its activation by other protein kinases can occur. In 2010, Roy et al reported that the
inhibition of the PI3K/AKT pathway leads to the decreased
pancreatic cancer cell proliferation, increased cell apoptosis,
and cell cycle arrest.14 Therefore, we speculated that Prx1
may play a role through PI3K/AKT pathway in pancreatic
cancer.

Materials and methods
Cell lines and grouping
Human pancreatic normal cells HPDE6-C7 and pancreatic
cancer cells PANC-1 were purchased from ATCC (Manassas,
VA, USA). Cells were cultured with DMEM medium (Solarbio, Beijing) containing 10% heat-inactivated FBS, 100 kU/L
benzylpenicillin, and 100 mg/L streptomycin (Solarbio, Beijing,
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China) in incubator (37°C, 5% CO2). Cells were harvested
during logarithmic phase for subsequent experiments. PANC-1
cells were divided into four groups including control group,
Prx1-silencing (si-Prx1) group, Prx1/FOXO3 dual-silencing
(si-Prx1/FOXO3) group, and negative control (NC) group. Cells
in control group were without any treatment, cells in NC group
were treated with negative control lentivirus vectors, cells in
si-Prx1 group were treated with Prx1 gene-silencing lentivirus
vectors, and cells in si-Prx1/FOXO3 group were treated with
Prx1 gene-silencing lentivirus vectors and FOXO3-silencing
lentivirus vectors. To verify the effect of Prx1 gene on PTEN/
PI3K/AKT pathway, we set up three groups, including si-Prx1
group (the PANC-1 cells were transfected with Prx1-siRNA),
PI3K inhibitor group (the untransfected PANC-1 cells were
treated with PI3K inhibitor), and si-Prx1 + PI3K activator group
(the PANC-1 cells were transfected with Prx1-siRNA followed
by treating with PI3K activator).

Prx1-silencing and Prx1/FOXO3 dualsilencing vectors
Prx1 siRNA, FOXO3 siRNA, and lentivirus vectors were
purchased from Shanghai GenePharm Pharmaceutical
Technology Co., Ltd.

Cell transfection
The PANC-1 cells in logarithmic growth phase were collected and adjusted to 3×105/mL. Then the cells were seeded
into 12-well plate and transfected with the corresponding
vectors. The specific transfection process was carried out
in accordance with the Lipofectamine 2000 kit instructions.

qRT-PCR
Total RNA was extracted from cells using RNeasy Plus kit
(Qiagen, Valencia, CA, USA). Reverse transcription was
performed using a high-capacity cDNA transcription kit
(Applied Biosystems, Waltham, MA, USA). PCR reaction system was prepared using SYBR Green Master Mix
(Applied Biosystems, San Diego, CA, USA). Primers used in
PCR reaction were: 5′-ACAGCCGTTGTCAATGGAGAG-3′
(forward) and 5′-ACGTCGTGAAATTCGTTAGCTT-3′
(reverse) for Prx1; 5′-CGGACAAACGGCTCACTCT-3′ (forward) and 5′-GGACCCGCATGAATCGACTAT-3′ (reverse)
for FOXO3; and 5′-GAAGGTGAAGGTCGGAGTC-3′ (forward) and 5′-GAAGATGGTGATGGGATTTC-3′ (reverse)
for GAPDH. Ct values were processed using 2−ΔΔCt method,
and the relative expression level of each gene was normalized
to endogenous control GAPDH.
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Flow cytometry
Apoptosis was detected by Annexin V-PI apoptosis detection
kit (BD Biosciences, Franklin Lakes, NJ, USA). The posttransfected PANC-1 cells were collected, centrifuged at 1,000
rpm for 5 minutes, and adjusted into 2×106 cells/mL. Then the
cells were washed three times by precooled 1× PBS solution
and suspended in 300 µL 1× binding buffer. Five microliters
of Annexin V-FITC were added into the above cell suspension
and incubated for 15 minutes at 37°C in the dark. Then, 5
µL PI solution and 190 µL 1× binding buffer was added and
immediately detected. The absorbance was analyzed by flow
cytometry (Beckman Coulter, Brea, CA, USA).

Western blot
Protein samples were quantified by BCA method. Protein
(30 µg) was mixed with loading buffer and denatured, followed
by electrophoresis and transmembrane to polyvinylidene
difluoride membrane (Merck, Darmstadt, Germany). Membranes were blocked with 5% skim milk at room temperature
for 2 hours. After that, primary antibodies including anti-Prx1
(ab211292, 1:1,000, Abcam, Cambridge, UK), anti-FOXO3
(SAB2107951, 1:1,000, Sigma-Aldrich, St. Louis, MO,
USA), anti-PI3K (GW21071, 1:500, Sigma-Aldrich), antip-PI3K (#SAB1305578, 1:1,000, Sigma-Aldrich), anti-Akt
(SAB4500797, 1:1,000, Sigma-Aldrich), anti-p-Akt (#9271,
1:1,000, Cell Signaling Technology Danvers, MA, USA), and
anti-GAPDH (ab37168, 1:1,000, Abcam) were used to incubate with the corresponding overnight at 4°C. After washing,
membranes were incubated with goat antirabbit LgG (H +
L) secondary antibody (1:1,000, Beijing Zhongshan Golden
Bridge Biotechnology Co., Ltd, Beijing, China). After washing, ECL detection reagent (Sigma-Aldrich, USA) was added
to detect the signal. Relative expression level of each protein
was normalized to endogenous control GAPDH using Image
J software (https://imagej.nih.gov/ij/).

Statistical analysis
SPSS19.0 statistical software was used. Data were expressed as
mean ± SD. Comparisons between two groups were performed
Cancer Management and Research 2018:10

Results
The level of Prx1 and FOXO3 in
HPDE6-C7 and PANC-1 cells
As seen from Figure 1A, there was higher expression of
Prx1 mRNA in PANC-1 cells than in HPDE6-C7 (P<0.01).
The level of Prx1 mRNA in PANC-1 cells was ~2.4-fold of
that in HPDE6-C7 cells. However, FOXO3 mRNA exhibited
decreased level in PANC-1 cells (Figure 1B).

The level of Prx1 and FOXO3 in PANC-1
cells transfected with Prx1 siRNA
As seen from Figure 2A, PANC-1 cells transfected with
Prx1 siRNA showed a downregulated level of Prx1 mRNA
(P<0.05), while the FOXO3 expression was upregulated
after Prx1 siRNA transfection as compared to control and
NC groups (P<0.01). In addition, both Prx1 gene-silencing
lentivirus vectors and FOXO3-silencing lentivirus vectors
were transfected into PANC-1 cells. Then, we could observe
a decreased level of Prx1 mRNA as compared to control
and NC groups (P<0.05), and there was no significant difference between si-Prx1 group and si-Prx1/FOXO3 group.
Furthermore, we found that there was a lower expression of
FOXO3 mRNA in si-Prx1/FOXO3 group than control, NC,
and si-Prx1 groups (P<0.05 or P<0.01).
The Western blot results indicated that there was no significant difference in FOXO3 protein level between control
and NC groups (Figure 2B). Prx1 mRNA silencing could
enhance the level of FOXO3 protein, and there was a lower
expression of FOXO3 protein in si-Prx1/FOXO3 group
compared with that in si-Prx1 group (P<0.01).
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Cells in logarithmic growth phase were collected and seeded
into 96-well plate. After incubation of 24 hours, medium was
removed, and 100 µL of MTT (5 mg/mL, FuHeng Biology,
China) was added into each well. After incubation at 37°C in
dark for 4 hours, MTT solution was removed and 150 µL of
DMSO was added and incubated for 10 minutes. OD values
at 570 nm were measured using VersaMax Microplate Reader
(Molecular Devices, Sunnyvale, CA, USA).

by related sample t-test. The statistical comparison among multiple groups was carried out by one-way ANOVA followed by
LSD test. P<0.05 was considered to be statistically significant.
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Figure 1 The level of Prx1 and FOXO3 mRNA in HPDE6 and PANC-1 cells
measured by qRT-PCR.
Notes: The data were expressed as mean ± SD. Compared with HPDE6-C7 cells,
**P<0.01.
Abbreviations: FOXO3, forkhead box O3; Prx1, peroxiredoxin 1.
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Figure 2 The effect of Prx1 siRNA transfection on Prx1 and FOXO3.
Notes: (A) The level of Prx1 and FOXO3 mRNA in PANC-1 cells transfected
with si-Prx1vectors and si-Prx1/FOXO3 vectors measured by qRT-PCR. (B) The
upregulated level of FOXO3 protein after Prx1 siRNA transfection. The data were
expressed as mean ± SD. Compared with control, *P<0.05, **P<0.01; compared
with NC group, #P<0.05, ##P<0.01; compared with si-Prx1 group, ^^P<0.01.
Abbreviations: FOXO3, forkhead box O3; Prx1, peroxiredoxin 1; NC, negative
control; si-Prx1, Prx1-silencing.

Prx1 siRNA transfection inhibited
proliferation of PANC-1 cells through
PI3K/AKT pathway
Cell proliferation rate was detected by MTT assay to explore
the effect of Prx1 mRNA silencing on PANC-1 cells growth
(Figure 3). Compared with control group and NC group,
transfection of Prx1 siRNA could significantly inhibit the
cell growth (P<0.01). However, Prx1 mRNA and FOXO3
mRNA dual silencing could increase the cell proliferation
rate as compared to si-Prx1 group (P<0.01). In addition, we
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Figure 3 Prx1 siRNA transfection could inhibit the cell proliferation measured by
MTT assay.
Notes: The data were mean ± SD. Compared with control, *P<0.05, **P<0.01;
compared with NC group, #P<0.05, ##P<0.01; compared with si-Prx1 group,
^^P<0.01.
Abbreviations: FOXO3, forkhead box O3; Prx1, peroxiredoxin 1; NC, negative
control; si-Prx1, Prx1-silencing.
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added the PI3K inhibitor and activator to explore the effect
of blocking or activating PI3K/AKT pathway on tumor
cell proliferation ability. And we found that PI3K inhibitor
significantly decreased the cell proliferation (P<0.01), but
PI3K activator increased the decreased cell proliferation
rate induced as compared to that in control, NC, and si-Prx1
groups (P<0.05 or P<0.01).
Consistent with the results in Figure 3, clone formation experiment (Figure 4) also indicated that Prx1 siRNA
transfection could inhibit the cell proliferation ability. And
blocking PI3K/AKT pathway could also decrease the tumor
cell growth.

Prx1 siRNA transfection increased
PANC-1 cell apoptosis through PI3K/
AKT pathway
As seen from Figure 5, there was a higher apoptosis rate
(14.2%) in si-Prx1 group than in control group and NC
group. Further silencing FOXO3 mRNA could inhibit the
cell apoptosis with a significant difference compared with
si-Prx1 group (P<0.01). Moreover, we studied the effect of
PI3K inhibitor on the cell apoptosis and found that there
was increased apoptosis rate (15.2%) in PI3K inhibitor
group and a lower apoptosis rate (6.7%) in si-Prx1 + PI3K
activator group.
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Figure 4 Prx1 siRNA transfection could inhibit the cell proliferation measured by clone formation assay.
Notes: The data were expressed as mean ± SD. Compared with control, *P<0.05, **P<0.01; compared with NC group, #P<0.05,
^P<0.05, ^^P<0.01.
Abbreviations: FOXO3, forkhead box O3; Prx1, peroxiredoxin 1; NC, negative control; si-Prx1, Prx1-silencing.

The expression of the related protein in
PI3K/AKT pathway
It can be seen from Figure 6 that both Prx1 siRNA and PI3K
inhibitor could significantly downregulate Prx1 protein level
(P<0.05), while PI3K activator could upregulate the level
of Prx1 protein. And FOXO3 protein exhibited an opposite
trend. In addition, Prx1 siRNA and PI3K inhibitor could
inactivate the PI3K/AKT pathway, while PI3K activator could
increase the PI3K and AKT phosphorylation.

Discussion
Although Prx1 plays a role as tumor suppressor gene in some
types of malignant tumors, expression level of Prx1 is usually
upregulated in the majority types of tumors, and the increased
level of Prx1 usually indicates poor treatment outcomes and
prognosis.8,15 In the study of lung cancer, Jiang et al reported
that the expression level of Prx1 was increased in tumor tissue and the enhanced level of Prx1 was responsible for the
increased tumor malignancy.16 During the development of
lung cancer, level of Prx-1 in plasma is usually increased
by ROS, and the increased plasma level of Prx-1 is proved
to accurately predict lung cancer.16 In 2015, Gong F et al
reported that Prx1 was found to be overexpressed in esophageal squamous cell carcinoma, and Prx1 can participate in the
development of esophageal squamous cell carcinoma through
the interactions with mTOR/p70S6K signaling pathway.8
In another study, Prx-1 was shown to be able to promote
the migration and invasion of tumor cells by regulating the
process of epithelial-to-mesenchymal transition during oral
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P<0.01; compared with si-Prx1 group,
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carcinogenesis.17 Due to the unique expression pattern in
tumor tissue, Prx-1 has been used as a biological marker
for the diagnosis of prognosis of various human cancers.
Consistent with previous studies, in this study, Prx-1 miRNA
silencing significantly reduced the proliferation and promoted
apoptosis of pancreatic cancer cell lines. Our results in this
study and the findings in previous studies both revealed that
Prx-1 can participate in the development of pancreatic cancer
by promoting or at least maintaining tumor cell proliferation
and inhibiting tumor cell apoptosis.
FOXO3 is a transcription factor that plays pivotal role
in various physiological and biochemical processes in the
body.18 The reduced expression level of FOXO3 is significantly correlated with tumorigenesis,19 indicating the
function of FOXO3 as a tumor suppressor in the development of human cancers. Expression level of FOXO3 was
significantly reduced during colorectal cancer progression,
and the decreased expression level of FOXO3 may potentially
serve as a biomarker for this disease.20 Therefore, FOXO3
and Prx-1 play opposite roles in the development of various
human cancers. However, the interactions between FOXO3
and Prx-1 in pancreatic cancer still have been reported. It
has been reported that FOXO3 can regulate the expression
of peroxiredoxin III, which is a member of peroxiredoxin
family, in human cardiac fibroblasts.21 In this study, Prx-1
silencing significantly increased the expression level of
FOXO3. FOXO3 overexpression significantly reduced the
proliferation and promoted the apoptosis of pancreatic cancer,
further confirming the role of FOXO3 as tumor suppressor
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Figure 5 Prx1 siRNA transfection could promote the cell apoptosis measured by flow cytometry.
Notes: The data were expressed as mean ± SD. Compared with control, **P<0.01; compared with NC group, ##P<0.01; compared with si-Prx1 group, ^^P<0.01.
Abbreviations: FOXO3, forkhead box O3; Prx1, peroxiredoxin 1; NC, negative control; si-Prx1, Prx1-silencing.

in pancreatic cancer. These data suggested that Prx-1 and
FOXO3 play opposite role in the development of pancreatic
cancer by affecting tumor cell proliferation and apoptosis.
Additionally, we also explored the effect of PI3K/AKT
pathway on tumor cell growth and apoptosis. From the
previous studies,22–25 we concluded that the activation of the
PI3K/AKT pathway can increase the proliferation of tumor
cells and inhibit the apoptosis of cells, which is consistent
with our study. In our study, we added PI3K inhibitor or
PI3K activator to explore the effect of PI3K/AKT pathway.
We found that inhibition of PI3K/AKT pathway by PI3K
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inhibitor could lead to the enhanced proliferation rate.
Furthermore, we studied whether Prx1 mRNA silencing
inhibited the growth and promoted apoptosis of pancreatic
cancer cells via PI3K/AKT pathway. We found that PI3K
inhibitor supplement not only inhibited phosphorylation of
PI3K and AKT but also decreased the Prx1 protein level.
And when PI3K activator was added after silencing Prx1
mRNA, we found a higher level of Prx1 protein. The above
results indicated that Prx1 mRNA silencing inhibited the
growth and promoted apoptosis of pancreatic cancer cells
via PI3K/AKT pathway.
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Conclusion
In conclusion, Prx1 silencing can significantly reduce the
proliferation and increase the apoptosis rate of pancreatic
cancer cells. Meanwhile, Prx1 silencing can increase the
expression level of FOXO3 in pancreatic cancer cells. In
addition, we also explored the effect of PI3K/AKT pathway
and found that Prx1 siRNA transfection could inhibit the
activation of PI3K/AKT pathway. Therefore, we concluded
that Prx1 and FOXO3 can negatively regulate the expression
of each other to play opposite roles in pancreatic cancer
through PI3K/AKT pathway. Our study provided the basis
for future-related studies.
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