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Purpose: Peroxiredoxin-6 (PRDX6) is frequently found in various cancers. However, its
expression and relevance to proliferation, invasion, and migration in human non-small-cell
lung cancer (NSCLC) remain unclear. This study investigated the role and novel mechanism
of PRDX6 in progression in an NSCLC cell line (A549).

Methods: We analyzed the expression of PRDX6 in NSCLC and adjacent normal tissues
and explored the proliferation, migration, and invasion of A549 cells using either a PRDX6
plasmid or PRDX6 small interfering RNA (siRNA). We also assessed the effects of PRDX6
on the epithelial-mesenchymal transition (EMT) and B-catenin-mediated transcription of
target genes.

Results: PRDX6 expression was markedly higher in NSCLC tissues than in adjacent tissues.
Proliferation, invasion, and migration of A549 cells were promoted by overexpression of
PRDX6 but inhibited by its silencing. PRDX6 overexpression inhibited the protein expres-
sion of both phosphorylated B-catenin and E-cadherin, as well as the expression of vimentin,
TWIST, and downstream targets of B-catenin including c-MYC, TCF-4, and MMP14.
Conversely, PRDX6 silencing markedly decreased the expression of ¢-MYC, TCF-4, and
MMP14, and inhibited EMT in A549 cells. Overexpression of PRDX6 in vivo notably
increased the volume and weight of tumors.

Conclusion: PRDX6 overexpression promotes the proliferation, invasion, and migration of
A549 cells in vitro and in vivo.

Keywords: PRDX6, non-small-cell lung cancer, B-catenin, metastasis, epithelial—

mesenchymal transition

Introduction

NSCLC is the fourth leading cause of mortality worldwide.! Despite an increasing
number of patients benefitting from either surgery or chemoradiotherapy, recurrence
and metastasis rates remain high and are regarded as the principal cause of death.
As a result, it is crucial to identify the molecular pathogenesis underlying NSCLC
progression in order to provide additional therapeutic targets.”* Peroxiredoxin-6
(PRDX6) is an important antioxidant protein that can effectively remove intracel-
lular reactive oxygen species and maintain homeostasis. A member of the perox-
idase family, PRDX6 is a bifunctional enzyme with phospholipase A2 (PLA2) and
peroxidase activity.* Studies have shown that in lung cancer and gastric cancer,
PRDX6 promotes cell proliferation and inhibits cancer cell apoptosis; its peroxidase
activity promotes the growth of cancer cells, whereas its PLA2 activity promotes

submit your manuscript

Dove n

http:

" in @

Cancer Management and Research 2021:13 1245-1255 1245
© 2021 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

o and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-6128-9712
mailto:qingjuanmen2020@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Li et al

Dove

the invasion and metastasis of cancer cells. Besides,
PRDX6 promotes the occurrence and development of
lung cancer by activating Akt, P3K, and p38 kinase, and
the PRDX6-mediated CCL5-related JAK2/STAT3
pathway.é’7 Clinical studies have shown increased expres-
sion of PRDX6 in NSCLC, suggesting that PRDX6 may
be closely related to the occurrence and development of
NSCLC; however, its role and mechanism in NSCLC
proliferation have not yet been elucidated. As a canonical
mediator of the Wnt pathway, B-catenin is believed to be
crucial in Wnt signaling transduction cascades and in
activation of the transcription of downstream target
genes, including T cell factor/lymphoid enhancer factor
(TCF/LEF) and c-Myc, when stabilized in the cytoplasm
and translocated into the nucleus.®” Aberrant activation of
the Wnt/B-catenin signaling pathway contributes to various
cancers. Nuclear expression of B-catenin is also linked to
poor prognosis and chemo/radioresistance in human
NSCLC. Further studies have suggested that the inhibition
of B-catenin can suppress the proliferation, migration, and
invasion of NSCLC cells.'®!" The data demonstrate that p-
catenin has a crucial role in NSCLC inhibition. However,
the mechanisms underlying the aberrant activation of the
B-catenin signaling pathway and the regulation of [-
catenin in NSCLC cells remain unknown. This study
aimed to determine the expression and function of
PRDXG6, assess the relationship between PRDX6 and (-
catenin in A549 cells, and explore the underlying molecu-
lar mechanisms. Taken together, the data indicated that
PRDX6 overexpression promoted the proliferation, inva-
sion, and migration of A549 cells in vitro and in vivo.

Materials and Methods
Screening of Differentially Expressed

Genes
SangerBox (https://shengxin.ren/) was used to screen dif-

ferentially expressed genes in NSCLC. The gene expres-
sion profiles of NSCLC and normal tissues were
determined by V16, a simple TCGA download tool from
SangerBox, and the differentially expressed genes were
screened by DECenter. The differentially expressed genes
were uploaded to the Cytoscape ClueGO software pack-
age, and gene ontology and Kyoto Encyclopedia of Genes
and Genomes (KEGG) network analyses were performed.
Volcano plots and heat maps of the differentially expressed
genes were produced using the online tools at http://sanger
box.com/.

Materials and Samples
Cell Counting Kit-8 (CCK-8) was purchased from Beijing
Solarbio Science & Technology Co., Ltd. (Beijing, China).
Primary antibodies, including PRDX6 (dilution rate: 1:500),
E-cadherin (dilution rate: 1:1000), vimentin (dilution rate:
1:1000), TWIST (dilution rate: 1:1500), total B-catenin (dilu-
tion rate: 1:500), p-B-catenin (dilution rate: 1:500), TCF-4
(dilution rate: 1:500), MMP-14 (dilution rate: 1:500), c-Myc
(dilution rate: 1:500), and B-actin (dilution rate: 1:2000) anti-
bodies, were bought from Chongqing Biomedicine
Technology Co., Ltd. (Chongging, China). A RevertAid™
First Strand cDNA Synthesis Kit and Mammalian Protein
Extraction Reagent, DMEM, fetal bovine serum (FBS), Opti-
MEM, and 0.25% trypsin were bought from Life-iLab,
(Shanghai, China). PCR Mix for real-time PCR was ordered
from Tsingke Biological Technology (Beijing, China).
Transwell® inserts were sourced from Corning Co., Ltd.
(New York, USA). Protein beads were from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Horseradish peroxi-
dase (HRP)-conjugated secondary antibodies were ordered
Co., Ltd.
Western

from Chongqing Biomedicine Technology
(Chonggqing, China),
Chemiluminescent HRP Substrate was bought from Merck
KGaA (Darmstadt, Germany). ViaFect™ transfection reagent
was from Promega Co., Ltd. (Madison, WI, USA). The
pcDNA3.1-PRDX6, pcDNA3.1(+)-B-catenin, and pcDNA3.1
(+) (vector) plasmids were constructed by Tsingke Biotech
Co., Ltd. (Beijing, China). The small interfering RNA
(siRNA) sequences were as follows:

PRDX6-siRNA1, 5-GCTCTGTGGTGCACACTGG
G-3';

PRDX6-siRNA2,
A-3;

PRDX6-siRNA3,
A-3;

B-catenin-siRNA,
CTT-3/;

si-NC, 5-GACGAAAGCAGTTCGTCTA-3".

and Immobilon

5'-GTAGAGGATAGACAGCTTC
5'-GTTGGGAGCCACGTCCCCG

5'-GUAGCUGAUAUUGAUGGA

Nude Mouse Tumorigenicity Assay

Human A549 cells were provided by the Cell Center of
Beijing Beina Chuanglian
Institute.  Flag-PRDX6
Chongqing Biomedicine Technology Co., Ltd. Twelve
BALB/C male nude mice aged 4-6 weeks, weighing 15-20
g, were provided by Chongqing Mcell Biotechnology Co.,

Biotechnology Research

lentivirus was prepared by

Ltd. The nude mice were kept in animal rooms at 23-25 °C
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and exposed to a 12 h light-dark cycle with free access to
food and water. The experiments were carried out after 1
week of adaptive feeding. A549 cells in the logarithmic
phase of growth were taken and diluted with phosphate-
buffered saline (PBS). Subcutaneous right axillary inocula-
tion was performed in nude mice at a dosage of 1x10 cells/
mouse. Tumor growth was observed every 3 days following
the tumor inoculation. The consecutive observations lasted 3
weeks. Following 30 min cell injection, the control group
was injected with an empty virus, and the experimental group
was injected with Flag-PRDX6 lentivirus (caudal vein injec-
tion, 5x10” IU/nude mice). Tumor growth was observed
every 3 days following the tumor inoculation. Three weeks
later, the nude mice were anesthetized with excessive pento-
barbital sodium, and the tumors were removed for
measurement.

RNA Isolation and Quantitative PCR
(gPCR)

All of the NSCLC tumor tissues and adjacent tissues were
collected from the Transfusion Department of the
Affiliated with Shandong First
Medical University, and stored in a freezer at —80 °C.
Total RNA was isolated from NSCLC tissues and adjacent
non-tumor tissues. The tissues were cut into pieces, placed

Provincial Hospital

in a mortar with liquid nitrogen, ground into powder, and
mixed with 1 mL TRIzol solution in an EP tube. The tube
was left undisturbed for 5 min, then 200 pL chloroform
was added with violent shaking for 15 s with the EP tube
covered tightly. The tube was centrifuged at 12,000 rpm
for 10 min, and the supernatant was removed into a new
EP tube. Then, 500 pL isopropanol was added and mixed
gently, and the tube was left to stand at room temperature
for 10 min. Centrifugation was performed at 12,000 rpm
for 10 min. The supernatant was discarded, and 1 mL 75%
ethanol was added and mixed evenly, followed by centri-
fugation again at 4 °C and 12,000 rpm for 5 min. This
procedure was repeated once. The supernatant was dis-
carded, and the samples were dried at room temperature
for 5 min, supplemented with 30 pL DEPC water to
dissolve RNA, and stored at —70 °C. The primers used in
gqPCR were as follows: PRDX6: forward 5'-
CAAGGTAGTGTCAGTGTGG-3' and reverse 5'-GTA
ATACGACTCACTATAGGGCG-3"; B-actin: forward 5'-
GAGCACAGAGCCTCGCCTTT-3" and reverse 5'-
AGAGGCGTACAGGGATAGCA-3".  PRDX6
expression was normalized to that of B-actin. This study

gene

was approved by the Ethics Committee of the Provincial
Hospital ~Affiliated with Shandong First Medical

University.

Immunohistochemistry (IHC)

Tissue sections were deparaffinized in xylene and rehy-
drated. After antigen retrieval, samples were blocked with
10% bovine serum albumin. The sections were then incu-
bated with PRDX6 primary antibody and left undisturbed
overnight at 4 °C, followed by incubation with the corre-
sponding secondary antibody (BMSO011, IGEE, China) at
room temperature for 1 h. Finally, the binding antibodies
were stained with diaminobenzidine, and the sections were
counterstained with hematoxylin. Each test was repeated
three times.

Cell Culture

A549 cells were sourced from the Cell Culture Collection
Committee of the Chinese Academy of Sciences Library.
These cells were cultured in DMEM supplemented with
10% FBS at 37 °C and 5% COs,.

PRDX6 Silencing and Overexpression in

A549 Cells

Three PRDX6 siRNA oligos and a negative control (NC)
were synthesized by RiboBio Co., Ltd. (Guangzhou,
China). Cells were seeded in 6-cm dishes overnight and
transfected with the three PRDX6 siRNA oligos. A nano
fusion transfection reagent (Biomedicine, China) was used
to deliver the siRNAs. Next, the medium was discarded
and replaced with fresh complete medium for additional
incubation of 48 h. Silencing efficiency at the mRNA level
was evaluated by real-time PCR. Subsequently, the nano
fusion transfection reagent was used to transfect A549
cells with pcDNA3.1-PRDX6 or the vector for 12
h. Finally, fresh complete medium was added for further
study.

Co-Immunoprecipitation and Western

Blotting

To investigate whether exogenous flagged PRDX6 bound
to endogenous B-catenin in A549 cells, cells were infected
with 3xFlag-PRDX6 adenovirus for 24 h, collected, and
lysed with lysis buffer. Next, either f-catenin monoclonal
antibody or control IgG was incubated with cell lysates at
4 °C overnight. Besides, protein A/G PLUS-agarose (Life-
iLab, China) was added to cell lysates for incubation 2
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h. The agarose beads were rinsed three times with lysis
buffer. The precipitates were analyzed by Western blotting.

Cell Viability Assay

The A549 cell viability was determined by CCK-8 assay
(Solarbio, China). Cells (5000 per well) were seeded in a 96-
well plate, allowed to adhere for 12 h, and followed by cell
transection in each group for an additional 48 h. The medium
was discarded. Then, 10 pL of CCK-8 reagent was added to
each well, and the plate was incubated at 37 °C for 4 h. The
absorbance was detected at 450 nm in each well.

Migration and Invasion Assay

Cell migration and invasion ability were determined by trans-
well assays as per the manufacturer’s instructions. For the
migration assay, 100 pL of serum-free medium containing
5x10° cells was incubated in the upper chamber. For the
invasion assay, the upper chamber was coated with Matrigel
and the lower chamber was coated with 700 puL of complete
culture medium. Cells on the upper surface of the upper
chamber were incubated at 37 °C for 24 h and then discarded.
Invading cells on the lower surface of the upper chamber were
fixed with 4% paraformaldehyde and stained with 1% crystal
violet for 10 min.

Detection of Cell Proliferation and
Apoptosis by Flow Cytometry

Cell proliferation was detected by flow cytometry according to
the manufacturer’s instructions (Life-iLab, China). Cells with
a density of 1.5x10°/mL were inoculated in a 35 mm diameter
petri dish and cultured for 1 day. The culture medium contain-
ing 0.4% FBS was synchronized for 3 days, leaving most cells
at the GO stage. Following an addition of 0.03 pg/mL BrdU,
incubation was performed at 37 °C for 40 min. The culture
medium was discarded and the cells were collected in a flow
tube. After centrifugation at 350xg for 5 min, the supernatant
was discarded. Each tube was fixed with 1 mL 4% parafor-
maldehyde for 15 min. The supernatant was discarded follow-
ing centrifugation again at 600 xg for 10 min. Each tube was
cleaned with 2 mL of glycine, supplemented with 1 mL of
0.5% triton and incubated for 10 min. The cells were rinsed
with PBS and resuspended. Cell apoptosis was detected by
flow cytometry according to the manufacturer’s instructions
(Life-iLab, China). The cells were collected directly ina 10 mL
centrifuge tube. The cell count of each specimen was 1x10°/
mL. Centrifugation was performed at 1000 rpm for 5 min, and
the culture medium was discarded. Cells were washed once

with incubation buffer, and centrifugation was performed
again at 1000 rpm for 5 min. The cells were resuspended in
100 pL of Tag solution and incubated at room temperature in
the dark for 10 min. The cells were precipitated and incubated
following centrifugation at 1000 rpm for 5 min and then
cleaned once with buffer solution. Fluorescence solution was
added and incubated in the dark at 4 °C for 20 min with
constant shaking. A flow cytometer was used at an excitation
wavelength of 488 nm. FITC fluorescence was detected using
afilter with a wavelength of 515 nm, and propidium iodide (PI)
was detected using a filter with a 560 nm wavelength.

Statistical Analysis

Data from at least three independent experiments are presented
as meant+SD. Statistical analyses were performed using SPSS
17.0. Comparisons between two groups were made with two-
tailed Student’s t-tests, and one-way analysis of variance was
used for comparison of three or more groups. P<0.05 was
considered to indicate a statistically significant difference.

Results
PRDX6 is Highly Expressed in NSCLC

To determine the differences in PRDX6 expression between
NSCLC and normal tissue, the gene expression profiles of
NSCLC and the normal group were analyzed using
SangerBox and Cytoscape. Volcano plots and heat maps of
differentially expressed genes revealed that the PRDX6 gene
was highly expressed in NSCLC (Figure 1A—C). In this study,
the expression of PRDX6 mRNA in 40 NSCLC tissue samples
and adjacent non-tumor tissues was determined by qPCR and
IHC. The relative expression of PRDX6 mRNAwas 1.07+0.12
in NSCLC tissues and 0.42+0.05 in adjacent non-tumor tissues
(Figure 1D). PRDX6 mRNA expression in NSCLC tissues
was higher than that in adjacent non-tumor tissues. PRDX6
protein was strongly stained in NSCLC tissues, whereas it was
weakly stained in adjacent non-tumor tissues (Figure 1E
and F), suggesting that PRDX6 was highly expressed in
NSCLC tissues.

PRDX6 Overexpression Promotes A549

Cell Proliferation in vitro

To clarify the regulatory effect of PRDX6 on the proliferation
of A549 cells in vitro, PRDX6 was overexpressed and silenced
in A549 cells. The effect of PRDX6 on A549 cell proliferation
was explored. First, compared with the pcDNA3.1 vector
group, the expression of PRDX6 was significantly increased
in A549 cells following transfection with pcDNA3.1-PRDX6
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Figure 1 PRDX6 was highly expressed in NSCLC. (A) KEGG enrichment graph. Data were obtained from the TCGA database and analyzed by SangerBox. Volcano plots
and heat maps of differentially expressed genes revealed that the PRDX6 gene was highly expressed in NSCLC. (B) Volcano map of differentially expressed genes. (C)
Heatmap of differentially expressed genes. (D) The expression of PRDX6 in tumor tissue samples was detected by fluorescence qPCR assay. (E and F) The expression of
PRDX6 in tumor tissues and adjacent tissues was detected by IHC assay. Brown indicates positive PRDX6 expression, blue indicates the nucleus. Scale bar, 20 um.

Immunoreactivity is shown in brown, with a blue hematoxylin counterstain. #p<Q,

(P<0.05) (Figure 2A and E). The CCK-8 results indicated that
A549 cell viability was notably increased at 12, 24, and 48 h in
the pcDNA3.1-PRDX6 group in comparison with the
pcDNA3.1 vector group (P<0.05) (Figure 2B). Second, we

ol.

silenced PRDX6 mRNA by applying three PRDX6 siRNAs
(#1, #2, and #3 oligo sequences); the qPCR results demon-
strated that the expression of PRDX6 mRNA in A549 cells
was lower in the three PRDX6 siRNA groups than in the NC
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group (P<0.05) (Figure 2C). Moreover, PRDX6 siRNA #1
oligo silenced PRDX6 expression more effectively than the
other siRNA oligos (Figure 2E) and was therefore selected for
subsequent studies. The CCK-8 assay revealed that A549 cell
viability in the PRDX6 siRNA group was lower than that in the
NC group at 12, 24, and 48 h (P<0.05) (Figure 2D). These data
demonstrate that PRDX6 regulates the proliferation of A549
cells. The flow cytometry results indicated that the apoptosis
rate of A549 cells was decreased and the BrdU positive rate
was increased following PRDX6 overexpression. By interfer-
ing with PRDX6 expression, the apoptosis rate of A549 cells
was elevated and the BrdU positive rate was decreased (Figure
3A and B). The above results demonstrate that PRDX6 can
promote proliferation of A549 cells and inhibit their apoptosis.

PRDX6 Overexpression Promotes
Migration, Invasion, and EMT of A549

Cells

We further investigated the effects of PRDX6 on A549 cell
migration and invasion through transwell assays. The
results showed that overexpression of PRDX6 markedly
promoted the migration and invasion of AS549 cells.

Migration 4

o

Scrach0Oh

Scrach 24 h

Compared with control cells, PRDX6 knockdown inhib-
ited migration and invasion of A549 cells (Figure 4A).

Expression of EMT marker proteins (E-cadherin,
vimentin, and TWIST) was detected by Western blotting.
The results showed that levels of E-cadherin protein in the
pcDNA3.1-PRDX6 group were lower than those in the
pcDNA3.1-vector group, whereas levels of vimentin and
TWIST protein were higher than those in the
pcDNA3.1-vector group (P<0.05). Conversely, PRDX6
silencing upregulated E-cadherin in A549 cells but down-
regulated TWIST and vimentin (Figure 4B-D). Overall,
these in vitro results suggested that PRDX6 promotes
EMT, migration, and invasion of A549 cells.

PRDX6 Overexpression Promotes [3-
Catenin Mediated Signaling Pathway in

A549 Cells

To clarify the regulatory mechanism of PRDX6, the protein—
protein interactions of PRDX6 were analyzed using the
STRING database. We found a binding interaction between
PRDX6 and B-catenin. To verify this binding interaction, we
performed a co-immunoprecipitation assay with A549 cells

= NC
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Figure 4 PRDX6 overexpression promoted EMT, migration, and invasion of A549 cells. The effects of PRDX6 on A549 cell migration and invasion ability were analyzed by
transwell and scratch tests. (A) Cells were transfected with either pcDNAS3.[-PRDX6/pcDNA3. |-vector plasmid or with NC or PRDX6 siRNA for 24 h. Cell invasion and
migration were detected by transwell assay and cell scratch test (images obtained after scratching at 0 h and after being cultured for 24 h). Scale bar; 100 um. (B) Expression
of E-cadherin, vimentin, and TWIST in A549 cells treated with pcDNA3.1-PRDX6 or pcDNA3.|-vector plasmid or NC or PRDX6 siRNA for 48 h were detected by qPCR.
NC was the control for the PRDX6 siRNA group; the pcDNA3. |-vector plasmid was the control for pcDNA3.1-PRDX6. (C and D) Expression of E-cadherin, vimentin, and
TWIST in A549 cells was detected by Western blotting. #p<0.05; p<0.01.
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by Western blotting following the transfection of A549 cells with the pcDNA3.1-PRDX6 plasmid or pcDNA3.|-vector for 48 h. (C) A549 cells were transfected with -
catenin plasmid or B-catenin-siRNA. Invasion, migration, apoptosis, and proliferation were measured. Scale bar, 100 um.

and found that endogenous PRDX6 interacted with -catenin
(Figure 5A). To explore the effects of PRDX6 on the B-catenin
signaling pathway, protein expression of pp-catenin, $-catenin,
and its downstream targets including transcription factor 4
(TCF-4), cellular Myc (c-Myc), and matrix metalloprotei-
nase-14 (MMP14) was evaluated. The Western blotting results
indicated that protein levels of p-B-catenin in the PRDX6
overexpression group were markedly decreased, whereas
those of B-catenin, TCF-4, c-Myc, and MMP14 were elevated
in comparison with the control group (P<0.05) (Figure 5B).

B-Catenin Promotes A549 Cell

Proliferation, Migration, and Invasion
Next, to further verify the role of PRDX6 involving B-
catenin, we detected the effects of B-catenin on cell inva-
sion, migration, proliferation, and apoptosis of A549 cells.
Overexpression of [-catenin promoted cell invasion,
migration, and proliferation, and inhibited apoptosis.
Silencing with B-catenin inhibited cell invasion, migration,
and proliferation, and promoted apoptosis (Figure 5C).
The regulatory effects of B-catenin on A549 cells were
consistent with those of PRDX6.

PRDX6 Overexpression Promotes

Tumor Growth in vivo

Finally, we further verified the regulatory effect of PRDX6
on A549 in vivo through tumor formation tests in nude
mice. A549 cells were injected into nude mice. Following
30 min cell injection, PRDX6 lentivirus and PRDX6-
siRNA1 were injected into the tumorigenesis site. Body
weight, tumor volume, and tumor weight were recorded
every 3 days, for 21 days in total. The results showed
a marked increase in tumor volume and weight at 12
days after PRDX6 overexpression. Silencing PRDX6 had
the opposite results (Figure 6A-D). The expression change
trends of E-cadherin, vimentin, and TWIST observed by
Western blotting were consistent with the results of in vitro
assays (Figure 6E). To sum up, PRDX6 could promote the
proliferation, invasion, and migration of A549 cells, and
facilitate tumor growth both in vivo and in vitro.

Discussion

In this study, we analyzed and compared the difference in
PRDX6 expression between NSCLC and normal tissue,
and overexpressed and silenced PRDX6 expression in
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Figure 6 Influence of PRDX6 on the process of A549 growth in vivo. (A) The effects of PRDX6 on the growth of A549 cells were determined by nude mouse
tumorigenicity assay. (B) Tumor volume of the PRDX6 interference and control groups. (C) Tumor volume of the PRDX6 overexpression and control groups. (D) Tumor
weight detection of the PRDX6 interference and control groups and the PRDX6 overexpression and control groups. (E) After 21 days of lentivirus injection, tumors were
collected and total tissue protein was extracted. Protein expression was detected by Western blotting. #p<0.05; #P<0.01.

NSCLC A549 cells and nude mice in vivo, so as to study
the regulatory effect of PRDX6 on NSCLC and its mole-
cular mechanism. The results showed that PRDX6 mRNA
expression was upregulated in NSCLC tissues, and that
this upregulation of PRDX6 promoted the proliferation,
EMT, migration, and invasion of A549 cells. Conversely,
PRDX6 silencing inhibited cell proliferation, EMT, and
migration. Further research indicated that PRDX6 could
interact with B-catenin and inhibit the phosphorylation and
degradation of B-catenin, thereby activating downstream
targets including c-MYC, TCF4, and MMP14. These
results imply that PRDX6 regulates cellular proliferation
and metastasis together with B-catenin. As a key regulator
of cell proliferation, migration, and polarity, PRDX6 also
plays an essential part in tumor evolution, affecting tumor
cell proliferation by regulating downstream target genes.
Multiple previous studies have reported PRDX6 in
tumors and have shown that the PRDX6 expression pro-
motes the growth of lung cancer cells through its PLA2
activity. Overexpressed PRDX6 promoted the growth of
lung cancer cells by upregulating AP-1 and JNK, thereby
increasing peroxidase and PLA2 activity.'? Overexpressed
PRDX6 also attenuated apoptosis of human ovarian cancer
cells induced by TRAIL or cisplatin. In lung and breast

cancer, PRDX6 has been shown to positively regulate
tumorigenesis and development by activating the JAK2/
STAT3 signaling pathway. Moreover, PRDX6 regulates
Erk1/2 phosphorylation, and Erk1/2 activation also posi-
tively affects PRDX6 expression, resulting in a positive
feedback loop.®” The expression of PRDX6 is upregulated
in breast cancer cell lines. MDA-MB-231 and MDA-MB
-435 cell lines overexpressing PRDX6 were established
through stable transfection. Compared with untransfected
cells, the proliferation potential of both transfected cell
lines was markedly increased. However, some studies
have found that low expression of PRDX6 increased apop-
tosis of peroxide-induced hepatocellular carcinoma cells.
Decreased PRDX6 expression in liver cancer cells is related
to poor prognosis. Furthermore, PRDX6 promoted apopto-
sis of liver cancer cells treated with TNF-a, indirectly
proving that PRDX6 inhibited the growth of these cells.
Some studies have found that PRDX6 had no significant
effect on the proliferation and apoptosis of skin cancer cells
during the occurrence and development of skin cancer.
Therefore, PRDX6 may inhibit the formation of new tumors
but also stimulate the growth of existing tumors via a dual
effect on their occurrence and development. PRDX6 has

been shown to promote invasion and metastasis of lung
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cancer cells by activating Akt, PI3K, and p38 kinases.
Studies on human breast cancer cells in vitro have also
demonstrated that PRDX6 overexpression could increase
the proliferation and invasiveness of cancer cells, and
in vivo experiments showed that PRDX6 could enhance
in situ tumor growth in nude mice. On the contrary, breast
cancer cells with low PRDX6 expression showed decreased
growth, invasiveness, and metastasis. Similarly, PRDX6
overexpression could promote tumor cell growth, migration,

15718 45 well as

and invasion of gastric cancer cells in vitro,
promoting the invasion and metastasis of lung cancer, breast
cancer, and ovarian cancer cells.'*'* In this study, experi-
ments on A549 cells in vitro and tumor formation in nude
mice in vivo showed that PRDX6 could promote the pro-
liferation, migration, and invasion of A549 cells. Our results
are consistent with those of previous studies on lung cancer,
breast cancer, and ovarian cancer.

[B-catenin is an important component of the Wnt pathway.
Studies in lung epithelial cells have shown that FoxM1 exerts
a tumor inhibitory function by limiting the activity of the
classical Wnt signaling pathway. Neuroblastoma represents
the most common brain tumor in children; 15% of cases have
abnormal activation caused by mutations of Wnt/B catenin
signaling pathway components, including [-catenin.
Downregulation of B-catenin in the nucleus can inhibit the
proliferation and cell cycle progression of nasopharyngeal
carcinoma cells and reduce their migration, invasion, and
metastasis. We found that overexpression of B-catenin pro-
moted the proliferation of A549 cells, while overexpression
of PRDX6 could promote the expression of 3-catenin. The co-
immunoprecipitation assay showed that PRDX6 was directly
bound to B-catenin protein. These results suggest that PRDX6
may affect the proliferation, invasion, and migration of A549
cells by regulating Wnt/B-catenin signaling.

In conclusion, by downregulating expression or inducing
inactivating mutations, PRDX6 functioned as a tumor promo-
ter in various cancers. This research revealed that PRDX6
mRNA expression in NSCLC tissues was significantly higher
than that in adjacent non-tumor tissues. The proliferation of
A549 cells was promoted by overexpression of PRDX6 plas-
mid and inhibited by downregulation of PRDX6. The data
demonstrated that PRDX6 was a tumor promoter in NSCLC.
NSCLC metastasis is a major cause of death. It is closely
related to EMT, which is characterized by loss of epithelial
features and an increase in mesenchymal and migration fea-
tures. Our results suggested that PRDX6 overexpression mark-
edly decreased E-cadherin expression and elevated vimentin
and TWIST expression, revealing its crucial role in EMT,

migration, and invasion of A549 cells. Aberrant activation of
the Wnt/B-catenin pathway promoted the carcinogenesis and
progression of A549 cells. Overall, the current study showed
that PRDX6 could bind B-catenin, inhibit phosphorylation, and
activate downstream targets of c-Myc, TCF4, and MMP14. By
contrast, PRDX6 silencing decreased levels of total f-catenin

and expression of the target genes.

Conclusions

Briefly, the evidence suggests that PRDX6 can promote
A549 proliferation, migration, and invasion. The findings
also indicate that PRDX6, as a tumor promoter in A549
cells, is a potential target for new molecular therapeutic
strategies to improve NSCLC patient prognosis.
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