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PTEN promotes apoptosis of H,O,-injured rat nasal
epithelial cells through PI3K/Akt and other pathways
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Abstract. Chronic rhinosinusitis (CRS) is a form of chronic
inflammation of the nasal cavity and paranasal sinus with
multi-causal pathogenesis, including oxidative stress. Several
lines of evidence have demonstrated that the phosphatase and
tensin homolog gene (PTEN) can inhibit the activation of
phosphoinositide 3-kinase (PI3K) to affect phosphorylation of
Akt. Importantly, the PI3K/PTEN/Akt signaling pathway is
associated with various types of tumors, chronic inflamma-
tory diseases, and autoimmune disease through its regulation
of cell growth, apoptosis, proliferation, and metabolism. This
in vitro study aimed to investigate the role of PTEN and the
relationship between PTEN and the PI3K/Akt pathway in
nasal epithelial cells under oxidative stress. H,O, treatment
was applied to induce a cell injury model of oxidative stress
in rat nasal epithelial cells. Cells were divided into control,
H,0,, H,0,+PTEN, and H,0,+siPTEN groups. Cell viability
was measured using the CCK-8 assay, and reactive oxygen
species (ROS) levels and apoptosis rates were analyzed by
flow cytometry (FCM). Oxidative parameters, including ROS,
catalase (CAT), and malondialdehyde (MDA), were tested by
enzyme-linked immunosorbent assay (ELISA). The expression
of apoptosis-related genes and PI3K/Akt pathway was assayed
by quantitative PCR (QPCR) and western blot. In H,O,-injured
cells, oxidative stress, due to increased ROS levels and apop-
tosis rates, was induced, and PTEN aggravated the injury. The
levels of both p-Akt and PTEN in H,O,-injured cells were
positively correlated and higher than in control cells. Unknown
regulatory protein(s) may exist in the PI3K/PTEN/Akt pathway
or the PTEN and PI3K/Akt pathways may be two independent
signaling pathways that have cross interactions.
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Introduction

Chronic rhinosinusitis (CRS) is clinically defined as chronic
inflammation of the nasal cavity and paranasal sinus lasting
over 12 weeks, including chronic rhinosinusitis with nasal
polyps (CRSwNP) and chronic rhinosinusitis without nasal
polyps (CRSsNP). Nasal mucosal inflammatory lesion has high
heterogeneity and is formed in a multi-step process caused by
multiple factors (1). Tissue remodeling is a dynamic process
of organic damage repair resulting from long-term inflam-
matory stimulation (2). Different types of CRS have different
manifestations of mucous tissue remodeling: CRSwNP mainly
appears as hyperplasia of goblet cells, extracellular matrix
(ECM) proteinosis, and edema, while CRSsNP primarily
manifests as exuviation, collagenous fiber precipitation, and
submucous fibrosis (3,4). Factors that influence the generation
and degradation of ECM, such as (transforming growth factor)
TGF, oxidative stress, matrix metalloproteinases (MMPs),
tissue inhibitor of metalloproteinase, and vascular endothelial
growth factor (VEGF), can have effects on tissue remodeling,
although the mechanisms of network regulation by these
factors is still unclear (5).

Excessive generation of reactive oxygen species (ROS) in
cells or tissues results from noxious stimulation by atmospheric
pollution, smoke, drugs and trauma can lead to disequilibrium
of oxidant and antioxidant systems, resulting in tissue damage,
which in turn causes additional oxidative stress (6). Based on
previous studies, oxidative stress is likely to play an important
role in the generation and development processes of nasal
polyps (7-9). Cekin et al discovered that the (malondialde-
hyde) MDA level was increased in nasal polyps, while nitric
oxide and (superoxide dismutase) SOD levels were reduced;
this findingindicates a metabolic disorder involving free radi-
cals (7). Bozkus et al found that oxidative stress parameters
in the blood and nasal polyps of patients were higher than
those of people without the disease, and the level of oxidative
stress was positively correlated with patient age (8). Okur et al
reported that neutrophil granulocytes of patients with nasal
polyp could generate ROS, which is one means of releasing
ROS by nasal polyps (9).

Phosphoinositide 3-kinase (PI3K) is a bridge to link extra-
cellular stimulating factors and intracellular response effects
and possesses activities of serine/threonine kinase and phos-
phatidylinositol kinase. Akt, the downstream effector protein
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of PI3K, is a serine protease. Unphosphorylated Akt lacks
biological activity. Once it is phosphorylated, Akt (p-Akt) is
able to regulate cell growth, apoptosis, adhesion, migration,
infiltration, and metabolism through numerous pathways (10).
phosphatase and tensin homolog gene (PTEN) is the first
discovered cancer suppressor gene with bispecific phospha-
tase activity (11). PTEN is known to inhibit the activity of
PI3K, which then affects the phosphorylation of Akt (12).
The PI3K/PTEN/Akt signal pathway has been demonstrated
to play a role in a variety of tumors including hematological
neoplasms, liver cancer, intestinal cancer, osteosarcoma, and
Ilymphoma (13-16). This pathway was recently found to be
closely related to chronic inflammatory diseases and autoim-
mune diseases such as asthma (17).

However, it remains uncertain whether the PI3K/PTEN/Akt
pathway is associated with CRS. In this study, we investigated
the relationship between imbalanced expression of PTEN and
the components of the PI3K/Akt signaling pathway in rat nasal
epithelial cells. H,O, was applied to increase ROS levels to
simulate oxidative stress in CRS.

Materials and methods

Cell grouping. Rat nasal epithelial cells were obtained from
Nanjing Cobioer Biotechnology Co., Ltd. (Jiangsu, China).
Cells were randomly divided into four groups: control, H,O,,
H,0,+PTEN and H,0,+siPTEN group. In H,0,+PTEN and
H,0,+siPTEN group, cells were respectively infected by plas-
mids with PTEN gene and plasmids with silenced PTEN gene.
Recombinant plasmids were also purchased from Nanjing
Cobioer Biotechnology Co., Ltd. Cells in H,0,, H,0,+PTEN
and H,0,+siPTEN group were treated by 50 ymol/I of H,O,
(Shanghai Macklin Biochemical Co., Ltd., Shanghai, China)
for 3 h. The appropriate concentration of H,0, was selected
from 20, 50 and 80 pmol/l by detecting cell viability through
CCK-8 assay.

Cell transfection. Cells in logarithmic growth phase were
seeded into a 6-well plate and cultured for 24 h. Recombinant
plasmids expressing either the PTEN gene or the silenced
PTEN gene were transfected into cells using Lipofectamine
LTX according to the manufacturer's instructions (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Two
micrograms of pIRES2-ZsGreenl-vector (Nanjing Vazyme
Biotechnology Co.,Ltd.,Jiangsu, China), 5 ul of Lipofectamine
LTX and 250 ul Opti-MEM (Shanghai Yeasen Biotechnology
Co., Ltd., Shanghai, China) were well prepared, mixed, and
then incubated at room temperature for 25 min. Subsequently,
500 ul of the mixture was added into each well of a 6-well plate
with RPMI-1640 medium. After 48 h culture, the transfected
cells were harvested for the indicated experiments. Western
blot was used to detect the expression of PTEN to assess the
transfection efficiency.

CCK-8 assay. Cell viability in each group was detected
through using CCK-8 kit (Shanghai Yeasen Biotechnology
Co., Ltd.). Cells were grouped, and seeded into 96-well plates
at amount of 100 ul/well, and then incubated at 37°C in 5%
CO, incubator for 4 h. After added with 10 1 CCK reagent to
each well, cells were putted into 5% CO, incubator at 37°C for
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1-4 h. Optical density (OD) value of each group was observed
at 450 nm by a spectrophotometer (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany).

Flow cytometry (FCM). Cells in logarithmic phase were
collected and seeded into 6-well plates. Cells were digested by
EDTA free trypsin, stained with Annexin V-FITC and prop-
idium iodide (all from Shanghai Yeasen Biotechnology Co.,
Ltd.), and incubated in dark place for 15 min at room tempera-
ture afterwards. Cell cycle and apoptosis rate of each group
was detected by EPICS XL-MCL FCM (Beckman Coulter,
Inc., Brea, CA, USA) with excitation wavelength 488 nm and
emission wavelength 530 nm.

ELISA. The levels of SOD and MDA were measured by
applying quantitative test kits (Shanghai Lanpai Biotechnology
Co., Ltd., Shanghai, China). Cells were divided into control,
H,0,, H,0,+PTEN and H,0,+siPTEN groups. Detection
was conducted according to the manufacturer's instructions.
OD values were read at 420 nm on a spectrophotometer
(Sigma-Aldrich; Merck KGaA).

qPCR. Expression levels of PTEN, caspase-3, Bax and Bcl-2
mRNA were detected by means of qPCR. Cells were seeded
into 6-well plates at a density of 2x10° cells/well. Total RNA
were extracted with TRIzol (Thermo Fisher Scientific, Inc.)
according to the manufacture's instructions. Concentration
of extracted RNA was read through a UV spectrophotometer
(Thermo Fisher Scientific, Inc.). cDNA were synthesized by
reverse transcription. Reduced glyceraldehyde-phosphate
dehydrogenase (GAPDH) was applied as the internal control
to monitor the efficiency of qPCR. All primers in this study
were designed by Sangon Biotech Co., Ltd. (Shanghai,
China). The specific primer sequences for each gene were
listed as the follows: SACCAGGACCAGAGGAAACCTS3'
and 5'TTTGTCAGGGTGAGCACAAGA3' for PTEN
(product: 126 bp); 55ACCGCACCCGGTTACTATTC3' and
5'CAAATTCCGTGGCCACCTTC3' for caspase-3 (product:
148 bp); STGGCGATGAACTGGACAACA3' and 5'CAC
GGAAGAAGACCTCTCGGS3' for Bax (product: 86 bp);
5'AGCATGCGACCTCTGTTTGAS3' and 5STCACTTGTG
GCCCAGGTATGS3!' for Bcl-2 (product: 108 bp) and 5'GGC
TCATGACCACAGTCCAT3' and S’ACATTGGGGGTA
GGAACACGS3' for GAPDH (product: 202 bp). Each reaction
was run in triplicate.

Western blot. Cells were seeded in 6-well plates at a density of
2x10% cells/well, and grouped. Cells were harvested and washed
twice with PBS, protein lysed in ice-cold radio immunopre-
cipitation assay buffer (Guangzhou Whiga Technology Co.,
Ltd., Guangdong, China) with freshly mixed 0.01% protease
inhibitor phenylmethanesulfonyl fluoride (Beijign O'BioLab
Technology Co., Ltd., Beijing, China), then incubated for
30 min on ice. Cell lysis was centrifuged at 10,000 x g for 5 min
at 4°C, collected supernatants containing 20-30 ug of protein
were run on 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis gel and electrophoretically transferred to a
nitrocellulose membrane (Merck KGaA). Protein expression
level of PTEN, caspase-3, Bax, Bcl-2, p-PI3K, PI3K, p-Akt
and Akt were detected. GAPDH monoclonal antibody was
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Figure 1. Identification of rat nasal epithelial cells, and cell viability and ROS level under different concentration of H,O,. Cells in H,0,-L, H,0,-M and H,0,-H
were treated by respectively 20, 50 and 80 xM H,O, for 3 h. (A) Rat nasal epithelial cells were successfully identified under inverted microscope. (B) Cell
viability was reduced by H,O, treatment in a concentration-dependent manner. (C) ROS level was increased by H,O, treatment in a concentration dependent
manner. Data were presented as mean + SD, n=3, "P<0.05 and “P<0.01 vs. control group. ROS, reactive oxygen species; L, low; M, medium; H, high.

used to estimate protein loading. Blots were visualized via an
enhanced chemiluminescence (Thermo Fisher Scientific, Inc.).

Statistical analysis. Data were expressed as mean + SD.
Differences among groups were evaluated through variance
analysis and Student's t-test. Statistical significance was
defined as P<0.05 or P<0.01.

Results

Rat nasal epithelial cells were successfully identified. The
in vitro observation under an inverted microscope showed that
after 24-h culture in serum medium, a majority of rat nasal
epithelial cells grew as single cells adhering to the plate and
were round or irregular in shape (Fig. 1A). Cell nuclei formed
oval shapes, and the cell body was irregularly shaped. Cells
were positive for (diaminobenzidine) DAB, which was detected
by immunocytochemical staining with an anticytokeratin 19
antibody (95% purity).

H,0, treatment decreased cell viability and increased ROS
level. The CCK-8 assay indicated that the viability of rat nasal

epithelial cells was significantly reduced by H,O, treatment.
H,0, affected cell proliferation in a concentration-dependent
manner and the differences were significant in the H,0,-M
(50 uM) and H,0,-H (80 yM) groups when compared with
normal control cells (P<0.05) (Fig. 1B). Additionally, the ROS
levels in H,O,-treated groups were markedly enhanced and
the effect was in a concentration-depended manner (P<0.05 or
P<0.01) (Fig. 10).

The expression of PTEN was upregulated in cells transfected
with plasmids containing the PTEN gene and inhibited in
cells transfected with siRNA against the PTEN gene. The
expression of PTEN in each experimental condition was
quantified by qPCR and western blot analysis. In NC and
mock-transfected groups, which were transfected with empty
plasmids, the mRNA and protein levels of PTEN were similar
to the control group. In the PTEN-transfected group, PTEN
mRNA and protein were both found to be overexpressed
compared with the control group (P<0.01). In contrast, in cells
transfected with siRNA against the PTEN gene, the expression
of both PTEN mRNA and protein was substantially inhibited
(P<0.01) (Fig. 2A and B).
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Figure 2. Expression levels of PTEN with infected plasmids, and cell viability, ROS level and apoptosis rate in control, H,0,, H,0,+PTEN and H,0,+siPTEN
group. (A) The expression of PTEN mRNA was significantly upregulated in cells infected by plasmids with PTEN gene and was obviously downregulated
in cells infected by plasmids with silenced PTEN gene. (B) The protein level of PTEN was significantly increased in cells infected by plasmids with PTEN
gene and was obviously reduced in cells infected by plasmids with silenced PTEN gene. (C) PTEN protein aggravated the reduction of cell viability in H,O,
induced injury. (D) PTEN further increased ROS level in H,O, injured cells while inhibition of PTEN expression decreased it. (E) PTEN further promoted
apoptosis of H,0, injured cells when PTEN gene silencing inhibited it. Data were presented as mean + SD, n=3, "P<0.05 and “"P<0.01 vs. control group, "P<0.05
and “'P<0.01 vs. H,0, (50 gmol/l) group. PTEN, phosphatase and tensin homolog; ROS, reactive oxygen species; si, small interfering; NC, negative control.

PTEN levels correlated with reduced cell viability and
increased ROS level and apoptosis rate in H,O,-injured cells.
Using the CCK-8 assay, we found that cell viability and prolif-
eration were decreased by H,O, treatment and further inhibited
in PTEN overexpressing cells, but the injury was improved in
the PTEN silenced group (P<0.05) (Fig. 2C). Through FCM

analysis, ROS levels in the H,O,-treated group were found to
be increased compared with control cells (P<0.01). The level of
ROS was further increased in the H,0,+PTEN group, but was
inhibited in the H,0,+siPTEN group compared with the group
treated with only H,O, (P<0.05 or P<0.01) (Fig. 2D). H,0,
treatment significantly increased apoptosis, and the rate was



MOLECULAR MEDICINE REPORTS 17: 571-579, 2018

A 4_ B 4
Y
=
gé_ 34 o -g{_ 34
0 EF “=T
25D 2xo
X & SEQ
2 2
ﬂgé - ST
ﬂ}nl -]
Z a5 258
37 4 5%
¢ &
0 0
-6°\ < «@'\\ 4(}‘ 66‘ o
& R q Q & R
® 9{ 2 (4
& &
D
10+
>
= & B
& A ]
S o L 3
& & Eg
=0
Caspase3 = = — — - g_a
£s
Bax  — — D w— g
14

575

o
%

of Bel-2mRNA
(of GAPDH)

Relative expression

B Caspase-3
B Bax
mm Bel-2

R

NP Y
° & £ & & &
s 69':‘2&«:‘33& 0°¢¢ by ‘3&5& o‘ﬁ ‘\,9:,\ £

& & o
Q&G‘ X O

2
Qﬂ- ‘x" .,z;\uo

Figure 3. Expression levels of apoptosis related genes in control, H,0,, H,0,+4PTEN and H,0,+siPTEN group. (A) The expression of caspase-3 mRNA was
further upregulated in H,0,+PTEN group but downregulated in H,0,+siPTEN group based on H,0O, group. (B) The expression of Bax mRNA was further
upregulated in H,0,+PTEN group but downregulated in H,0,+siPTEN group based on H,0O, group. (C) The expression of Bcl-2 mRNA was further downregu-
lated in H,O,+PTEN group but upregulated in H,0,+siPTEN group based on H,0, group. (D) High expression of PTEN further increased the protein levels
of caspase-3 and Bax but decreased the level of Bcl-2 in H,O, injured cells while the situations in PTEN inhibited cells were contrary. Data were presented as
mean = SD, n=3, "P<0.05 and “P<0.01 vs. control group, "P<0.05 and “"P<0.01 vs. H,0, (50 gmol/l) group. Bcl-2, B-cell lymphoma 2; Bax, Bcl-associated X

protein; PTEN, phosphatase and tensin homolog; si, small interfering.

further increased in the H,O,-PTEN group but was decreased
in the H,0,-siPTEN group (P<0.05 or P<0.01) (Fig. 2E).

PTEN upregulated the expression of caspase-3 and Bax in
H,O,-injured cells. In the H,O,-treated group, in agreement
with the increased apoptosis rate described above, high
expression of caspase-3 and Bax was also detected by qPCR
and western blot analysis (P<0.01). In PTEN overexpressing
cells, the expression of caspase-3 and Bax was further upregu-
lated, while that of Bcl-2 was significantly reduced compared
with the H,O,-treated group (P<0.05 or P<0.01). In contrast,
disrupting the expression of the PTEN gene downregulated
the expression of caspase-3 and Bax but upregulated Bax
following H,0,-induced injury (P<0.05 or P<0.01) (Fig. 3).

PTEN decreased SOD and catalase (CAT) levels and increased
MDA content in H,O,-injured cells. Using an ELISA-based
assay, a remarkable decrease of SOD and CAT levels and a
significant increase of MDA were observed in H,O,-treated
cells, compared with the control group (P<0.01). Compared
with the H,O,-treated group, overexpression of PTEN in the
H,0,-PTEN treated group significantly reduced the level of
SOD and CAT but increased MDA, whereas inhibition of
PTEN expression in the H,0,-siPTEN group increased SOD
and CAT levels and reduced MDA in H,O,-injured cells
(P<0.05 or P<0.01) (Fig. 4A-C).

PTEN promoted phosphorylation of PI3K and Akt in
H,O,-injured cells. Western blot analysis showed that the
levels of phosphorylated PI3K and Akt were significantly
increased in H,O,-injured cells in comparison with control
cells (P<0.01). Overexpression of PTEN in the H,0,-PTEN
group slightly promoted the increase of p-PI3K/PI3K and
p-Akt/Akt ratios. In contrast, silencing of the PTEN gene
inhibited the activation of PI3K and Akt in H,O,-injured cells
compared with the H,O,-treatedgroup (P<0.05) (Fig. 4D).

PTEN promoted activation of PI3K and Akt even when the
PI3K/Akt pathway was inhibited by perifosine in H,O,-injured
cells. In H,0,-injured cells with inhibition of PI3K/Akt
pathway, the levels of p-PI3K/PI3K and P-Akt/Akt were
observed to be downregulated compared with uninhib-
ited H,O,-injured cells, but were still higher than those in
non-treated cells (Figs. 4D and 5A). Inhibition of the PI3K/Akt
pathway had a slight influence on the activation of PI3K
and Akt. In comparison with the H,O,-treated group, phos-
phorylation of PI3K and Akt was promoted in the H,0,-PTEN
group but was inhibited in the H,0,-siPTEN treated group
(P<0.05) (Fig. 5A).

ROS levels and apoptosis rates were reduced inthe H,O,-PTEN
group but were increased in the H,0,-siPTEN group when the
PI3K/Akt pathway was inhibited. With inhibition of PI3K/Akt
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Figure 4. The contents of SOD, CAT and MDA and the expression level of PI3K/Akt pathway in control, H,0O,, H,O,+PTEN and H,O,+siPTEN group. (A) The
level of SOD was further decreased in H,0,+PTEN group but increased in H,0,+siPTEN group based on H,O, group. (B) The level of CAT was further
decreased in H,O,+PTEN group but increased in H,0,+siPTEN group based on H,0, group. (C) The level of MDA was further increased in H,O,+PTEN
group but decreased in H,0,+siPTEN group based on H,0, group. (D) The phosphorylation of PI3K and Akt was further promoted in H,0,+PTEN group but
inhibited in H,O,+siPTEN group based on H,0, group. Data were presented as mean + SD, n=3, "P<0.05 and “P<0.01 vs. control group, "P<0.05 and “‘P<0.01
vs. H,0, (50 gmol/1) group. PTEN, phosphatase and tensin homolog; si, small interfering; SOD, superoxide dismutase; CAT, catalase; MDA, malondialdehyde;

p, phosphorylated; PI3K, phosphoinositide 3-kinase; Akt, protein kinase B.

pathway by perifosine, ROS levels and apoptosis rates in
H,0, group increased compared with control and uninhibited
H,0,-treated groups. In comparison with uninhibited cells
under the same condition of PTEN expression, ROS level
and apoptosis rate were decreased in H,O,-PTEN group
but increased in H,0,-siPTEN group (Figs. 2D and E and
5B and C). There was no significant difference in ROS
levels and apoptosis rates among H,0,, H,O,-PTEN and
H,0,-siPTEN groups (Fig. 5C and D).

Discussion

It has been demonstrated that the PTEN/PI3K/Akt signaling
pathway, which is activated by extracellular stimuli such as
viruses and inflammatory factors through G protein-coupled
receptorsor TLR/IL-1RS signaling,plays akeyroleinregulating
biological functions of cells (18,19). After activation of PI3K,
a secondary messenger, PIP3, is formed on cell membranes to
act on inactivated Akt protein and phosphoinositide-dependent
kinase-1 (PDK1) to promote phosphorylation and activation of
Akt. p-Akt regulates a variety of biological activities such as
cell proliferation, apoptosis, differentiation, apoptosis, migra-
tion, glucose transport and release of inflammatory cytokines
through activating downstream target proteins. As it is still
difficult to directly detect the expression of PI3K, the level
of PI3K is generally inferred through measuring the level of

p-Akt by western blot because it is the only protein known to
be affected by PI3K (20,21).

PTEN can dephosphorylate PI1(3,4,5)P3 to PI(4,5)P2 and
PI(3,4)P2 to PI(4)P to switch off the pathway of promoting
phosphorylation of Akt by PI3K, resulting in decreased p-Akt
levels and negative regulation of the PI3K signaling pathway.
Several lines of evidence support an antagonistic relationship
between PTEN and Akt (22-27). It was previously reported
that membrane-associated guanylate kinases MAGI2 and
MAGI3, which act upstream protein of PTEN, were able
to enhance the activity of PTEN and inhibit the activity of
Akt (23). Additionally, PTEN could inhibit upstream of PI3K
to inhibit activation of PI3K (24). Goo et al discovered that high
levels of p-Akt in rats inhibited the PTEN gene (25). Hua er al
found that p-Akt was highly expressed in prostate cancer cells
when the PTEN gene was altered or inactivated (26). Bai et al
demonstrated a reciprocal relationship between levels of
PI3K/Akt and PTEN in gastric (27).

Recently, an increasing number of studies have indicated
that the PI3K/PTEN/Akt signaling pathway not only is
closely related to tumorigenesis, but plays an important part
in chronic inflammatory diseases and autoimmune disease
such as rheumatic arthritis, systemic lupus erythematosus,
bronchial asthma and chronic obstructive pneumonia, which
may result from the regulatory functions of this pathway on
lymphocytes and inflammatory cellular factors (28-31). CRS
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Figure 5. Expression of PI3K/Akt pathway, ROS level and apoptosis rate in control, H,0,, H,O,+PTEN and H,0,+siPTEN group with perifosine treat-
ment. (A) PTEN promoted the activation of PI3K and Akt even when PI3K/Akt pathway was inhibited in H,0O, injured cells. (B) ROS level was reduced
in H,0,-PTEN group but were increased in H,0,-siPTEN group when PI3K/Akt pathway was inhibited. (C) Apoptosis rate was reduced in H,0,-PTEN
group but were increased in H,0,-siPTEN group when PI3K/Akt pathway was inhibited. Data were presented as mean + SD, n=3, "P<0.05 and “P<0.01
vs. control group, "P<0.05 and “'P<0.01 vs. H,0, (50 umol/l) group. PTEN, phosphatase and tensin homolog; si, small interfering; p, phosphorylated; PI3K,

phosphoinositide 3-kinase; Akt, protein kinase B; ROS, reactive oxygen species.

is an upper respiratory inflammatory disease with a compli-
cated, multi-causal pathogenesis. The surface of the nasal
cavity and paranasal sinus are a pseudostratified ciliated
columnar epithelium, which is composed of four types of cells,
includingciliated columnar epithelium, basal cells and goblet
cells. Goblet cells can generate glycoproteins, which have
an important role in maintaining viscidity and resilience of

mucus. Mucus possesses cleaning functions to clear intranasal
microparticle residues and potential accessory substancesfor
inflammation, and regular and oriented swing of cilium can
remove mucus from the nasopharynx and throat (32,33). A
previous study verified that weak expression of PTEN as well
as strong expression of PI3K could both inhibit apoptosis of
ciliated cells in mucosa of the upper respiratory tract and
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induce metaplasia of these cells to goblet cells, resulting in
increasing secretion of mucus in the mucosal epithelium and
decreasing the function of expelling mucus (34,35). The study
applied rat nasal epithelial cells injured by H,O, to stimulate
oxidative stress in CRS patients. According to the features
of the PI3K/PTEN/Akt signaling pathway in regulation of
cellular functions, we hypothesized that the expression of
PTEN in nasal epithelial cells under oxidative stress is higher
than in basal conditions, but the level of p-Akt is additionally
increased, and therefore, PTEN and p-Akt should be in an
antagonistic relationship with each other in the nasal epithe-
lial cells of CRS patients. However, although we observed
pro-apoptotic effects of PTEN on nasal epithelial cells, the
assumption of a relationship between PTEN and p-Akt was
not validated in this study.

In the condition of H,O, treatment, we observed an increase
in the level of ROS in rat nasal epithelial cells, particularly
when PTEN was upregulated, along with an increase in the
apoptosis rate. Inhibition of PTEN expression by gene silencing
could mitigate H,0O, induced injury on rat nasal epithelial cells.
Through detecting the expression of apoptosis related genes,
we found that high levels of PTEN protein further upregulated
the expression of pro-apoptotic genes caspase-3 and Bax and
downregulated that of the anti-apoptotic gene Bcl-2 to promote
apoptosis. Meanwhile, H,O, treatment reduced SOD and CAT
levels, especially in PTEN overexpressing cells while addi-
tionally increasing MDA levels compared with control cells.
SOD and CAT are essential natural scavengers of superoxide
radicals and hydrogen peroxide to prevent organisms from
undergoing oxidative stress injury (36). MDA, the final product
of lipid oxidation, is a common indicator of lipid peroxidation
of the cellular membrane (37). The changes in these oxidative
parameters in this study imply that H,O, successfully induced
oxidative stress in nasal epithelial cells and that high PTEN
expression further worsens the induced injury.

Under oxidative stress conditions, activation of the
PI3K/Akt signaling pathway was found to be promoted in
comparison with control cells. In the H,0,-PTEN group,
overexpression of PTEN further upregulated phosphorylation
of PI3K and Akt. In contrast, in the H,0O,-siPTEN group, inhi-
bition of PTEN expression decreased activation of PI3K/Akt
pathway. These results indicate thatthe PTEN and PI3K/Akt
pathways are positively correlated in H,0,-injured nasal
epithelial cells, which is controversial with previous reports
and our hypothesis that PTEN has antagonistic effect on acti-
vation of PI3K. Through inhibiting the PI3K/Akt pathway by
perifosine, it was observed that the levels of p-PI3K/PI3K and
p-Akt/Akt were downregulated in the H,O,-treated group but
were still high in the PTEN overexpressing group. However,
under these conditions, ROS levels and apoptosis rates in
H,O,-injured nasal epithelial cells were slightly reduced, and
the differences among H,0,, H,0,-PTEN and H,0O,-siPTEN
groups were not significant. Several experiments support
the ideathat apart from inhibiting phosphorylation of Akt
and activation of PI3K, PTEN also plays a role in regulating
pathways related to cell growth, proliferation and metabolism,
including the JAK/STAT, FAK, ERK1/2, and RhoA-ROCK
pathways (38,39). It remains possible that there might be
unknown regulatory protein(s) acting in the PI3K/PTEN/Akt
signaling pathway to regulate the expression of PTEN and
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that thePTEN and PI3K/Akt pathwaysmay be two distinct
signaling pathways with cross-interaction.

A significant body of evidence suggests an antagonistic rela-
tionship between PTEN and p-Akt. However, our study found
that the expression of both p-Akt and PTEN in H,O,-injured
nasal epithelial cells was higher than in control cells and that
PTEN and p-Akt levels were positively correlated. Unknown
regulatory protein(s) possibly exist in the PI3K/PTEN/Akt
pathway or it may be that the PTEN and PI3K/Akt pathways
are two distinct signaling pathways that cross-interact with
each other. Further studies are required to explore the internal
mechanisms of these molecules in this context.
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