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Abstract

Tau hyperphosphorylation is a main cause of neuronal loss in Alzheimer's disease, which can be
caused by many factors, including oxidative stress. The multifunctional protein p62, which exists in
neurofibrillary tangles and causes aggregation of hyperphosphorylated tau, not only serves as a
receptor in selective autophagy, but also regulates oxidative stress. However, whether p62
participates in oxidative stress-induced tau hyperphosphorylation remains unclear. In this study, we
produced an Alzheimer’s disease rat model by injecting B-amyloid protein into the hippocampus and
B-galactose intraperitoneally. Hematoxylin-eosin staining was used for morphological analysis of
brain tissue, and western blotting, immunohistochemistry and reverse transcription-PCR were
employed to study p62 and autophagy related proteins, antioxidant defense system kelch-like
ECH-associated protein 1-NF-E2-related factor 2 related proteins and hyperphosphorylated tau,
respectively. The number of neurons in the brain decreased in Alzheimer’s disease rats, and the
autophagy related proteins Atg12-Atg5, microtubule-associated protein 1 light chain
3-phosphatidylethanolamine and Beclin1 increased significantly, while p62 expression reduced.
Expression of kelch-like ECH-associated protein 1 increased, NF-E2-related factor 2 protein and
the downstream gene products of glutamate cysteine ligase catalytic subunit and glutamate
cysteine ligase modulatory subunit decreased, and hyperphosphorylated tau increased. These
findings demonstrate that autophagy levels increased and p62 levels decreased in the brains of
Alzheimer's disease rats. Moreover, the anti-oxidative capability of the NF-E2-related factor
2-antioxidant response element pathway was decreased, which may be the cause of tau
hyperphosphorylation in Alzheimer’s disease brain tissue and the subsequent structural and
functional damage to neurons.
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INTRODUCTION

RESULTS

Relative to its high oxygen consumption, the antioxidant
capacity of cerebral tissue is low. Given that neuronal
cell membranes contain large amounts of unsaturated
fatty acids, reactive oxygen species can cause neuronal
degeneration when they accumulate!". Studies have
confirmed that autophagy is activated when levels of
reactive oxygen species increase in cells?, and
application of antioxidants such as N-acetyl-L-cysteine
can reduce autophagy®®, which plays a vital role in
maintaining neuronal homeostasis™®. Autophagy is
closely linked to oxidative stress, both of which
contribute to damage of brain tissue in Alzheimer’s
disease (AD). p62 participates in selective autophagy as
a receptor and helps to remove damaged proteins and
organelles by mediating lysosomes to maintain the cell
environment®®”.. Neurofibrillary tangles (NFT) caused by
aggregation of hyperphosphorylated tau is a main
characteristic of AD®?. Some studies have shown that
p62 exists in NFT'*""! which indicates that p62 levels
may correlate with AD onset. p62 can also regulate
oxidative stress and apoptosis!'?. p62 can influence the
hydrolysis of Kelch-like ECH-associated protein 1
(Keap1) and affect its half-life in cells"*"®.. In vitro
experiments have shown that increased expression of
p62 can affect the function of Cul3-Rbx1-E3 ubiquitin
ligases by isolating Keap1. However, when mutant p62 is
expressed in cells, the levels of Keap1 are not
affected"®. Therefore, autophagy and p62 may influence
the Keap1-NF-E2-related factor 2 (Nrf2) system and
affect oxidative stress tolerance of brain tissue. Many
factors can cause tau hyperphosphorylation in AD brain
tissuel"”. For example, the activation of glycogen
synthase kinase-3, cyclin-dependent kinase-5, and
mitogen-activated protein kinases, or the suppression of
protein phosphatase 2A and 2B can cause tau
hyperphosphorylation.

Oxidative stress has been shown to also promote tau
hyperphosphorylation"®. Evidence exists that treatment
of neuroblastoma cells with a low dose of buthionine
sulfoximine to increase oxidative stress can induce the
depletion of glutathione and increase the expression of
hyperphosphorylated tau'™®. However, the reason for
oxidative stress-induced tau hyperphosphorylation is
unclear.

In this study, we used an AD rat model to monitor
autophagy and the expression levels of p62. In addition,
the role of the Keap1-Nrf2-ARE pathway and tau
hyperphosphorylation, and morphological changes in
brain tissue were investigated to monitor the
pathogenesis of AD.

Quantitative analysis of experimental animals
Thirty-two male Wistar rats were randomly divided into
three groups: control (n = 10; without any interference),
saline group (n = 10; subjected to bilateral hippocampal
injection and intraperitoneal injection of saline), and AD
model group (n = 12; subjected to AB,s.35 bilateral
hippocampal injection and 3-galactose intraperitoneal
injection). Some rats did not survive past model
preparation for unknown reasons. Therefore, a total of
nine rats from the control group, eight rats from the saline
group, and eight rats from the AD model group were
included in the final analysis.

Morphological changes in the AD rat brain (Figure 1)
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Figure 1 Morphological changes in the hippocampal CA3
area and forebrain (hematoxylin-eosin staining). Scale
bar: 20 um.

(A) Hippocampal CA3 area indicated in the square.

(B—-D) The hippocampus in the control, saline, and
Alzheimer’s disease (AD) model groups, respectively. (B,
C) Neurons were arranged closely, had a circular shape,
nuclear membrane was clear in the control and saline
groups; (D) the neurons had irregular shapes and the
nuclear membrane was indistinct in the AD model group.

(E) Forebrain cortex indicated in the square.

(F-H) The forebrain cortex in the control, saline, and AD
model groups, respectively. (F, G) Neurons had a circular
shape, the nuclear membrane was clear in the control and
saline groups; (H) neurons had irregular shapes and the
nuclear membrane was indistinct in the AD model group.
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Hematoxylin-eosin staining results (Figure 1) showed
that the number of neurons in the hippocampal CA3 area
in the AD model group (D) decreased, and that neurons
had an irregular shape and showed signs of pyknosis and
hyperchromasia.

The border between the nucleus and cytoplasm was
indistinct, neuronal layering was reduced, the number of
neurons in the forebrain cortex in the AD model group was
reduced, and pyknosis and hyperchromasia were observed.

Expression of the autophagy-related proteins
autophagy-related genes (Atg12)- Atg5, microtubule-
associated protein 1 light chain 3 (LC3) and beclinl,
and p62 protein in the AD rat cerebral cortex and
hippocampus (Figure 2)
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Figure 2 Changes in autophagy-associated proteins and
p62 expression in the rat cerebral cortex and hippocampus.

Western blot analysis (A) and quantification of the
expression of Atg12-Atg5, LC3-Il, beclin1 and p62 in the
cerebral cortex of the saline and AD model group as
compared with the control (CON) group (adjusted as 1.0)
(B-E).

Western blot analysis (F) and quantification of the
expression of Atg12-Atg5, LC3-Il, beclin1, and p62 in the
hippocampus as compared with the control group (adjusted
as 1.0) (G-J).

-actin was used as an internal standard. The assay was
performed three times and data were expressed as mean +
SD. ?P < 0.05, °P < 0.01, vs. the control group (one-way
analysis of variance followed by Dunnett’s t-test).

Atg: Autophagy-related genes; LC3: microtubule-
associated protein 1 light chain 3; AD: Alzheimer’s disease.

Western blotting results (Figure 2) showed that compared
with the control group, expression levels of the Atg
12-Atg5, LC3 and beclin1 significantly increased (P <
0.05 or P <0.01), and p62 expression significantly
decreased (P < 0.01 or P < 0.05) in the cerebral cortex
and hippocampus of the AD rat model.

Expression of Keapl and Nrf2 in the AD rat cerebral
cortex and hippocampus

Immunohistochemical staining results (Figure 3) showed
that the expression of Keap1 in the cerebral cortex and
hippocampus of AD model rats increased significantly
when compared with control rats (P < 0.05).
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Figure 3 Changes in Keap1 and Nrf2 expression in the rat
cerebral cortex and hippocampus.

)
Saline AD

(A, B) Immunohistochemical and quantitative analysis for
the expression of Keap1 in the cerebral cortex of
Alzheimer’s disease (AD) model rats. The expression of
Keap1 in AD model rats was increased compared with the
control (CON) group.

(C, D) Immunohistochemical and quantitative analysis for
the expression of Nrf2 in the cerebral cortex of AD model
rats. The expression of Nrf2 in AD model rats increased
compared with control rats.

(E, F) Immunohistochemical and quantitative analysis for
the expression of Keap1 in the hippocampus of AD model
rats. The expression of Keap1 in AD model rats increased
compared with control rats.

(G, H) Immunohistochemical and quantitative analysis for
the expression of Nrf2 in the hippocampus of AD model
rats. The expression of Nrf2 in AD model rats remained
unchanged compared with control rats.

Scale bars: 20 um. P < 0.05, vs. control rats (one-way
analysis of variance followed by Dunnett’s t-test). The
assay was performed three times and data were expressed
as mean + SD.

Nrf2: NF-E2-related factor 2; Keap1: kelch-like ECH-
associated protein 1.
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The expression of Nrf2 in the cerebral cortex of AD model
rats decreased significantly compared with control rats
(P < 0.05). The expression of Nrf2 protein in the
hippocampus remained unchanged (P > 0.05).

Expression of glutamate cysteine ligase catalytic
subunit (GCLC) and glutamate cysteine ligase
modulatory subunit (GCLM) mRNA in the AD rat
cerebral cortex and hippocampus

Reverse transcription-PCR results (Figure 4) showed that
mRNA transcription of GCLC and GCLM subunits
reduced in the cerebral cortex (P < 0.05 or P < 0.01).
There was no significant difference in mRNA transcription
of GCLC and GCLM subunits in the hippocampus
between the AD model and control groups.
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Figure 4 Changes in glutamate cysteine ligase catalytic
subunit (GCLC) and glutamate cysteine ligase modulatory
subunit (GCLM) mRNA expression in the rat cerebral cortex
and hippocampus.

(A) RT-PCR analysis for mRNA expression of GCLM and
GCLC in the cerebral cortex; (B, C) quantification of GCLM
and GCLC mRNA expression in the cerebral cortex
compared with the control (CON) group (adjusted as 1.0).

(D) Reverse transcription-PCR analysis for mRNA
expression of GCLM and GCLC in the hippocampus; (E, F)
quantification of GCLM and GCLC mRNA expression in the
hippocampus compared with the control group (adjusted as
1.0).

GAPDH was used as an internal standard. P < 0.05, bp <
0.01, vs. control group (one-way analysis of variance
followed by Dunnett’s t-test). The assay was performed
three times and data were expressed as mean + SD.

Expression of tau and hyperphosphorylated total tau
in the AD rat cerebral cortex and hippocampus
Western blot analysis results (Figure 5) showed that the
expression of total tau in the hippocampus and cerebral
cortex of AD model rats was reduced (P < 0.05), and that
expression of hyperphosphorylated tau increased in the
hippocampus and cerebral cortex of AD model rats when
compared with control rats (P < 0.05).
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Figure 5 Changes in tau and p-tau protein expression in
the rat cerebral cortex and hippocampus.

(A) Western blot analysis for the expression of total tau and
p-tau in the cerebral cortex; (B, C) quantification of tau and
p-tau protein expression in the cerebral cortex compared
with the control (CON) group (adjusted as 1.0).

(D) Western blot analysis for the expression of total tau and
p-tau protein in the hippocampus; (E, F) quantification of tau
and p-tau protein expression in the hippocampus compared
with the control group (adjusted as 1.0).

B-actin was used as an internal standard. °P < 0.05, vs. the
control group (one-way analysis of variance followed by
Dunnett’s t-test). The assay was performed three times and
data were expressed as mean + SD.

DISCUSSION

We monitored autophagic cell death and the expression
levels of p62, a multi-domain protein associated with
autophagy, to investigate the role of the Keap1-Nrf2-ARE
pathway and tau hyperphosphorylation, and further
studied the morphological changes in the brain of AD rats.
Results from this study showed that autophagy levels
increased, expression of p62 decreased, and that the
antioxidant efficiency of the Nrf2-ARE pathway
decreased. Hyperphosphorylated tau was increased,
which was predominantly manifested by morphological
changes in brain tissue from AD rats.

First, the expression of the autophagy-related proteins
Atg12-Atg5, LC3-Il and beclin1 increased in AD model
rats. Beclin1 can combine with other proteins to form a
complex composed of the autophagosome membrane.
The ubiquitin-like linking proteins Atg12-Atg5 and LC3-II
play a role in extension and closure of the
autophagosome membrane. LC3-Il connects to the inner
and outer membrane of the autophagosome, and
participates in the complete formation of the
autophagosome. Therefore, LC3-1l can be seen as an
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autophagy marker protein®>?". Thus, increased
expression of beclin1, Atg12-Atg5, and LC3-Il in AD brain
tissue suggests enhancement of autophagy. Our result is
different from previous studies, which may be due to our
analysis time. We analyzed autophagy-related proteins
at an early stage (after 2-3 months of AD model
preparation), while previous studies found that
autophagy levels decreased at later stages. However, it
is possible that the increased expression of Beclin1 and
LC3-Il in the saline group may be due to the mechanical
stimulation of injection during the process of model
establishment.

Second, the expression of p62 in AD model rats
decreased. p62 is linked to LC3 of the autophagosome
by the LC3-interacting region (LIR) and is degraded by
the autophagy-lysosome pathway. Thus, expression
levels of p62 are related to autophagy. It can be
postulated from the above results that elevated
autophagy can induce a decrease in p62 in AD rats. p62
may protect cells in other ways, such as modulation of
the oxidative stress related signaling pathway®?.
Therefore, we investigated the influence of decreased
p62 on the Keap1-Nrf-ARE system in brain tissue from
AD rats.

Results from this study showed that Keap1 increased in
the hippocampus and cortex of AD model rats. Nrf2
decreased in the cortex of AD model rats, but remained
unchanged in the hippocampus. Keap1 is the receptor of
Nrf2. Nrf2 can be cleared by the 26S proteasome after
being ubiquitinated by Keap1 through the cullin-3
pathway®?. This suggests that increased Keap1 can
decrease Nrf2.

Nrf2 regulates the promoter of the antioxidant response
element (ARE), coding a biphasic detoxifying enzyme
and peroxiredoxins, which includes genes for [NAD(P)H:
NQO1], glutathione synthetase, and g-glutamylcysteine
synthetase (g-GCS)?. Cells eliminate reactive oxygen
species by increasing the expression of these proteins.
To study the effect of Nrf2 on downstream genes, the
mRNA expression of the glutamate cysteine ligase (GCL)
subunits GCLC and GCLM were monitored.

GCL is the rate-limiting enzyme of glutathione
biosynthesis.

RT-PCR results showed that the transcription of GCLC
and GCLM mRNA was reduced in the cortex, but
remained unchanged in the hippocampus. The
expression of GCLC and GCLM mRNA was consistent
with Nrf2 expression.

Our results showed that the expression of Keap1 can be
enhanced, which is induced by p62 degradation. Keap1
promotes the elimination of Nrf2, and further influences
downstream mRNA expression of GCLC and GCLM after
Nrf2 enters to the nucleolus. These results indicate that
the decrease of p62 can weaken the anti-oxidative
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capacity in the brain of AD model rats.

To investigate the effect of anti-oxidative capacity
deficiency, the expression of tau hyperphosphorylation
was monitored. In addition, morphological
measurements were performed to monitor changes in
neurons and other structures.

Results from this study demonstrated that the expression
of total tau protein in the hippocampus and cortex of AD
model rats was reduced, and that expression of
phosphorylated tau was increased.

Morphological analysis showed that the structure of
neurons, neuropil, and mitochondria changed
predominantly in the hippocampal CA3 region and cortex
of AD model rats.

In conclusion, the present results reveal that elevated
autophagy may induce the excessive degradation of
p62, and further influence the anti-oxidative capability of
the Nrf2-ARE pathway, which is one of the causes for
tau hyperphosphorylation in the AD brain and the
subsequent structural and functional damage to
neurons.

MATERIALS AND METHODS

Design
A randomized controlled animal experiment.

Time and setting

The experiment was performed in the State Key
Laboratory of Pathological Physiology, Norman Bethune
College of Medicine, Jilin University, China during
December 2009-December 2011.

Materials

Male Wistar rats, weighing 250-300 g, were purchased
from the Laboratory Animal Center of Norman Bethune
College of Medicine, Jilin University, China (license No.
SCXK (Ji) 2007-0003). The animals were raised at room
temperature under a 12 hour light/dark illumination cycle
and were fed freely. This study was performed with the
approval from the Animal Care and Ethics Committee of
Jilin University in China. All experiments were performed
according to the National Institutes of Health Guide for
the Care and Use of Laboratory Animals.

Methods

AD model preparation

The AD rat model was prepared according to a
previously described method®?%. AB,s 55 peptide (1 mg)
was solubilized in 100 pL sterile physiological saline at
10 pg/uL. After parafilm sealing, the solution was putin a
37°C chamber for 96 hours to facilitate aggregation. Rats
were deeply anesthetized by intraperitoneal injection with



Zheng XH, et al. / Neural Regeneration Research. 2012;7(17):1304-1311.

2% (w/v) pentobarbital sodium (45 mg/kg). The animals
were immobilized on a stereotaxic apparatus (KO-PF
company, NY, USA), and a bilateral hippocampal injection
was performed with position coordinates according to the
Rat Brain Stereotaxic Atlas "\, The skull was drilled at 3.5
mm behind bregma, 2.0 mm beside the midline with an
incisor hook, 3.3 mm below the interaural line, and the
dura mater was exposed. The microinjector was slowly
inserted vertically to a subdural depth of 2.7 mm. In the
AD model group, 2 uL ABs.35 (Sigma, St. Louis, MO, USA)
was slowly injected into the bilateral hippocampi, while
the saline group was injected once with 2 yL normal
saline. The needle was kept in position for 15 minutes to
ensure that the solution was fully dispersed. The AD
model group was injected with 1.5 mL B-galactosidase
(Ding Guo Biological Technology Co., Ltd., Beijing, China)
by intraperitoneal injection, and the saline group animals
were injected with 1.5 mL normal saline by intraperitoneal
injection every day. The same procedure was carried out
for 20 days. Control group animals received no injection.
After 3 days of AB,s.35 injection, the spatial memory of
animals was tested and evaluated using the Morris water
maze test (Chinese Academy of Medical Sciences,
Beijing, China). On the first day of the Morris water maze
test, rats were acclimatized to the new environment. The
water platform was removed to allow the rats to swim
freely for 120 seconds. Rats were randomly placed in the
water during the training phase, facing the wall, and
forced to look for the platform that was set under the
water. The time was recorded when the rat found the
platform within 120 seconds (latency). If the rat could not
find the platform within 120 seconds, it was guided to the
platform and allowed to stay there for 60 seconds. The
latency was recorded as 120 seconds. There was a
significant difference in the time taken to find the platform
between the AD model group and control group (P <
0.05), indicating that AD model establishment was
successful.

Hematoxylin-eosin staining of neurons in the
hippocampal CA3 region and forebrain

Rats were deeply anesthetized intraperitoneally with
10% (w/v) chloral hydrate (35 mg/100 g) and perfused
transcardially with normal saline at 4°C followed by 10%
(v/v) neutral buffered formalin (pH 7.4). The brain tissues
were immediately resected and coronal sections of the
brain were fixed in 10% (v/v) neutral buffered formalin at
4°C for 24 hours. The brains were processed for routine
paraffin embedding. Serial coronal sections (4 pL) of the
hippocampal CA3 region and forebrain were cut and
mounted onto poly-L-lysine coated slides, deparaffinized
with xylene, rehydrated through graded ethanol, and
stained with hematoxylin-eosin. Finally, brain cell
morphology was observed by light microscopy (Olympus,

Tokyo, Japan).

Immunohistochemical analysis of p62, Keapl and
Nrf2 in the cortex and hippocampus

Brain coronal sections were used for
immunohistochemistry. Immunohistochemistry was
performed using the ultra-sensitive SP
immunohistochemistry kit (Maixin, Fuzhou, China).
Briefly, sections were deparaffinized with xylene,
rehydrated through graded ethanol and dewaxed.
Subsequently, antigen retrieval was performed by
heating the sections in 10 mM citric acid buffer (pH 6.0).
Endogenous peroxidase was blocked with 50 pyL
hydrogen peroxide (reagent A) for 10 minutes and 50 pL
blocking serum (reagent B) for 60 minutes at room
temperature. Sections were incubated with 1:50 or
1:100 rabbit polyclonal antibodies against p62, Keap1
and Nrf2 (Santa Cruz Biotechnology, CA, USA)
overnight at 4°C, and then with biotinylated goat
anti-rabbit secondary antibody (reagent C) for 20 minutes
at room temperature. The sections were then incubated
for 20 minutes with avidin and biotinylated horseradish
peroxidase (reagent D). Immunoreactivity was
visualized using the ABC kit (Maixin, Fuzhou, China)
with diaminobenzidine. Selected sections were
counterstained with hematoxylin and were analyzed
under a BX51 Olympus light microscope (Image-Pro
Plus 6.0, Olympus, Tokyo, Japan). The number of cells
positive for Keap1 and Nrf2 in the cortex and
hippocampus in each group was counted using the
methods described by Neese et al ?®!,

Western blot analysis of Atg12, LC3-Il, beclinl, P62,
tau, and p-tau in the cortex and hippocampus
Frozen cortex and hippocampus from different groups
were homogenized, and total protein was extracted. Rat
brain homogenate was prepared from 100 mg frozen
cortical and hippocampal tissue in 0.5 mL
homogenization buffer (20 mM Tris HCI pH 7.5, 0.25 M
sucrose, 2 mM EDTA, 1 pg/mL phenylmethanesulfonyl
fluoride (PMSF), 1 ug/mL leupeptin, 1 yg/mL aprotinin,
1 ug/mL pepstatin). The homogenates were centrifuged
for 10 minutes at 1 200 x g. The supernatants were
centrifuged for 5 minutes at 12 000 x g for total protein.
Protein concentration was determined using a protein
assay kit (Bio-Rad, Hercules, CA, USA). Western blotting
was performed using standard techniques. Lysate
proteins (35 ug) were separated by 12% or 15% (w/v)
sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred onto nitrocellulose
transfer membranes (Millipore, Bedford, MA, USA).
Membranes were blocked in PBS-Tween 20 buffer
containing 10 mM Tris-HCI, 5% (w/v) non-fat dry milk,
100 mM NaCl, and 0.1% (v/v) Tween 20 (pH 7.6) for
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1 hour at room temperature, and incubated with primary
antibodies overnight at 4°C. The primary antibodies were:
mouse monoclonal antibody against -actin (as an
internal control, sc-47778; 1:200), rabbit polyclonal
antibody against Atg12 (sc-68884; 1:200), rabbit
polyclonal antibody against MAP LC3 (sc-28266; 1:200),
rabbit polyclonal antibody against p62 (sc-25575; 1:200),
beclin1 (sc-48341; 1:200), tau (Tau5, sc-58860; 1:200)
and p-tau (sc-101817; 1:200)(Santa Cruz Biotechnology).
Membranes were then incubated with horseradish
peroxidase-conjugated goat anti-rabbit secondary
antibody (1:2 000)(Thermo, Waltham, MA, USA) at a 1:2
000 dilution for 1 hour at room temperature.
Immunoreactive bands were visualized with
diaminobenzidine (Sigma). Protein levels were quantified
using Quantity One software (Bio-Rad) by measuring the
band intensity (area x absorbance) in each group and
normalizing it to the internal control.

Reverse transcription-PCR of GCLC, GCLM in the
cortex and hippocampus

Frozen rat cerebral cortex and hippocampus were
homogenized. Total RNA was isolated from the cerebral
cortex and hippocampus using Trizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
protocol. cDNAs were generated through
reverse-transcription polymerase chain reaction with the
SuperScript preamplification system (Promega, Madison,
MI, USA). The primer sequences are as follows: GCLC
(sense: 5’-GTC TTC AGG TGA CAT TCC AAG C-3/,
antisense: 5’-TGT TCT TCA GGG GCT CCA GTC-3))
(213 bp); GCLM (sense: 5-CTG CTAAAC TGT TCA
TTG TAG G-3’, antisense: 5-CTATTG GGT TTTACC
TGT G-3’)(280 bp); GAPDH (glyceraldehyde-3-
phosphatedehydrogenase) (sense: 5-GGG TGATGC
TGG TGC TGA GTATGT-3, antisense: 5-AAG AAT
GGG AGT TGC TGT TGAAGT-3’) (619 bp). All primers
were synthesized by Sangon Biotech Co., Ltd. (Shanghai,
China). GAPDH was used as an endogenous control for
quantifying mRNA. The PCR products were
electrophoresed on a 1% (w/v) agarose gel containing
ethidium bromide (Sigma), visualized with a Tanon-1600
gel image processing system (Tanon, Shanghai, China)
and analyzed by a GIS 1D gel image system software
(Tanon).

Statistical analysis

All data were presented as mean + SD and analyzed
using SPSS 16.0 (SPSS, Chicago, IL, USA) and Origin
8.0 (OriginLab Corp, Northampton, MA, USA). One-way
analysis of variance followed by Dunnett’s t-test was
used for data analysis among groups. A P value less than
0.05 was considered statistically significant for all
analyses.
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