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Abstract: Neurodegenerative disorders are chronic and progressive disease. Exendin-4 (Ex-4) can function as a
neuroprotective agent and has novel therapeutic ability for the treatment of neurodegenerative disorders. In this
study, we aimed to explore the neuroprotective effect of Ex-4 on PC12 cell apoptosis induced by AB,_ . in molecular
level. The apoptosis of PC12 cells was detected by MTT assay, TUNEL staining and flow cytometry. The expression of
ERS (endoplasmic reticulum stress, ERS) related proteins such as CHOP, GRP78 and Caspase-12 were determined
by Western blot and cell immunocytochemistry. Results showed the apoptotic rate of PC12 cells significantly in-
creased after AR, .. addition, which was remarkably reduced after Ex-4 treatment. The expression of CHOP, GRP78
and Caspase-12 were significantly upregulated, and then remarkably reduced after Ex-4 treatment, while in the
presence of Exendin9-39, the effect of Ex-4 was reversed. In conclusion, endoplasmic reticulum stress might be

involved in the apoptosis process of PC12 cell induced by AB

25-35

and Ex-4 might provide a potential strategy for the

treatment and prevention of cell apoptosis-associated disorders.
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Introduction

Neurodegenerative disorders, which are chron-
ic and progressive, are characterized by selec-
tive and symmetric loss of neurons in motor,
sensory, or cognitive systems [1]. They include
Parkinson disease, Alzheimer disease and sev-
eral childhood genetic disorders categorized as
neuroaxonal dystrophies [2]. Apoptosis is a
form of cell death historically defined by mor-
phological and biochemical changes that occur
in the cell body and nucleus [3].

Ex-4 is a 39 amino acid peptide isolated from
the salivary secretions of the Gila monster
(Heloderma suspectum) [4]. It shows 53%
sequence similarity to glucagon-like peptide
(GLP)-1 [5]. Exendin-4 has been demonstrated
with a variety of biological functions such as
promoting insulin secretion, improving metabo-
lism, decreasing body weight [6]. It showed
good application prospect in many aspects of
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clinical treatment of diabetes, obesity, and dia-
betes-related myocardial injury, renal injury [7].
It can function as a neuroprotective agent and
has novel therapeutic ability for the treatment
of neurodegenerative disorders. [8]. However,
some studies have shown that the presence of
GLP-1 receptor is highly expressed in the cen-
tral and peripheral nervous system, suggesting
that GLP-1R and modulators may have a close
Contact with nervous system. Many new stud-
ies reveal the important role of GLP-1 in the ner-
vous system gradually. Tweedie D and other
researchers have confirmed GLP-1R agonists
helping to reduce hippocampal damage and
improve memory function of traumatic brain
injury model rats [9]. A meta-analysis by Duarte
A | shows Exendin-4 and its derivatives can
reduce the brain damage of neurodegenerative
diseases rat models of (such as AD, PD, etc)
[10]. In short, the neuroprotective effect of
Exendin-4 is receiving more and more atten-
tion, but its specific mechanism is not entirely
clear.
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Table 1. PC12 cell apoptotic rate by flow
cytometry

AB Ex-4 Ex9-39  Apoptotic

GrouP N M) (M) (M) rate (X + s%)
A 9 0 0 0 2.840.33
B 9 20 0 0 74.1+6.08°
C 9 20 50 0 34.2+4.03°
D 9 20 50 100 57.2+5.65¢

abcp<(0.05 vs. the control.

In view of the existing studies have confirmed
the anti-apoptotic effect is one of the main bio-
logical role of Ex-4, and its anti-apoptotic mech-
anism is mainly related to the inhibition of the
endoplasmic reticulum stress, therefore, we
speculate that this mechanism may also be
present in the central nervous system. PC12
cells are rat adrenal pheochromocytoma cells,
expressing partial characterization of neuronal
cells, can be a good model for study of the
mechanism of apoptosis in neuronal cells.
Accumulation of amyloid-B-peptide (AB) in the
brain is considered as a pathological hallmark
of neurodegenerative disorders [11]. AB,, .. is
often used to establish an animal or cell mod-
els of neurological diseases, and inducing
apoptosis is one of the major mechanisms of
its neurotoxicity.

In this study, PC12 cell was used to explore the
molecular mechanism of the apoptotic activity
induced by AB,, .. and the protective effect
of Ex-4 on apoptosis induced by AB, ...
Endoplasmic reticulum stress-related proteins
expression levels were determined.

Materials and methods
Materials

Antibodies against CHOP, GRP78 and
Caspase-12 and GAPDH were purchased from
Cell Signaling Technology (CST, USA). AB,, ..,
Exendin9-39 and Ex-4 were purchased from
Sigma Chemical Company (sigma, USA).

GLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR
Exendin-4 HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS

Cell culture and aging treatment of A[325735

PC12 cells were obtained from Chinese
Academy of Sciences (shanghai, China) and cul-
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tured in RPMI 1640 basal culture medium
(Gibco, USA) with 10% inactivated fetal calf
serum (HyColone, USA), 5% fetal calf serum,
100 U/ml penicillin, 100 pg /mL streptomycin
at 37°C and 5% CO, incubator.

Dry AB,, ., fragment was dissolved in 0.1% tri-
fluoroacetic acid (1 mg: 943 ul) to obtain 1000
MM solution, and then incubate about 7 days at
37°C.

MTT assay

PC12 cells in logarithmic growth phase were
seeded in 96-well culture plates with 2.0 x
10%/hole (200 ul), and eight parallel holes were
settled. After culturing for 12 hours, the second
to the eighth hole were replaced with the cor-
responding culture fluid containing a final con-
centration of Ex-4 O, 5, 10, 20, 50, 100, 200
MM (200 ul), and incubated for another 12
hours. Afterwards the first hole was replaced
conventional medium and the second to the
eighth hole were replaced with the culture fluid
containing a final concentration of AB, .. 20
MM (200 pl) and incubated for 20 hours contin-
ually. Then PC12 cells were added 10 ml MTT
(5 mg/ml PBS stock solution) and incubated for
4 hours, the liquid culture was aspirated off
and 200 L dimethylsulfoxide (DMSO) was
added. Absorbance values of each hole at 490
nm were detected by microplate reader and
represented the cell viability.

TUNEL staining

According to the results of MTT assay, the
experiment was divided into four groups: (1).
The control group; (2). AB,, . treatment groups;
(3). Ex-4 pre-protecting group; (4). Exendin9-39
pretreatment group. The role of Ex-4 concentra-
tion was 50 uM and the intervention time 12
hours. The role of Exendin9-39 concentration
was 100 uM. PC12 cells in logarithmic growth
were seeded in cell culture dishes (Diameter 3
cm, 200 ul), prepositioned slide after comple-
tion with 2 x 108/dish. After administration, the
cell culture medium was discarded and cells
were washed with PBS (pH7.2). Cells were then
prepared with 4% paraformaldehyde (pH7.4)
and incubated with PBS consisting of 0.1%
Triton X-100 and 0.1% sodium citrate at 4°C for
5 min. TUNEL of 50 ul was added to the reac-
tion solution, coverslip was used and the speci-
men was kept at dark 37°C for 1 h. Then the
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hyde and incubated at 4°C for

overnight. After removing
#it paraformaldehyde for 40 min,
cells were thoroughly rinsed
with 0.01 M PBS and dried.
H,0, of 3% was added and the
mixture was incubated at
room temperature for 20 min.
Cells were washed with 0.01
M PBS, goat serum blocking
solution of 30 ul/piece was
dropped and incubated at
room temperature for 30 min
to go backward. Goat serum
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Figure 1. Effect of exendin-4 on PC12 cell activity with exendin-4 increased
keeping the same concentration of 20 uM.
Exendin-4 concentration of O uM VS the control, “P<0.01; Exendin-4 concen-
tration of 10 uM VS exendin-4 concentration of O uM, #P<0.05; Exendin-4
concentration of 20, 50, 100 and 200 uM VS exendin-4 concentration of O

from O uM to 200 uM and AB

25-35

uM, #P<0.01.

specimen was washed with PBS, POD of 50 pl
was added to disperse the sample and the
specimen was kept for reaction at 37°C for 1 h.
The specimen was washed with PBS and
stained with DAB for 3-10 min. Tap water,
hematoxylin, 0.1% hydrochloric acid alcohol dif-
ferentiation and anti-fluorescence quenching
liquid were mounted. Cell apoptotic morpholo-
gy was observed by blue excitation light at
wavelength of 488 nm.

Flow cytometry

After designated treatment, Annexin V-FITC/PI
apoptosis detection kit (Invitrogen, USA) was
used according to the manufacturer’s instruc-
tions. In brief, the cells were centrifuged,
washed with cold PBS and resuspended in 100
pl of binding buffer. Fluoresce isothiocyanate
conjugated Annexin V-FITC (5 ul) and propidium
iodide (PI, 5 pl) were added to each sample,
and the mixture was incubated at 4°C in the
dark for 15 min. The cells were immediately
subjected to FACS analysis (BD Accuri C6, USA)
within 1 h. The percentages of early and late
apoptotic cells in each group were determined.
(The results shown in Table 1).

Immunohistochemistry

Medium was abandoned, cells were washed
with PBS, pretreated with 4% paraformalde-
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200" Ex-4 blocking solution diluted at 1:

100 was added and incubat-
ed in a 4°C humid chamber
for overnight. Cells were
washed with 0.01 M PBS for 5
min and 3 times, FRP-labeled
goat anti-rabbit secondary
antibody of 1:200 was added
and cells were incubated at
37°C for 60 min. PBS of 0.01 M was used to
wash the cells, 30 ul streptavidin horseradish
peroxidase was added and cells were incubat-
ed at 37°C for 30 min. Cells were washed with
0.01 M PBS for 2 times and stained with DAB.
Cells were thoroughly washed with water after
color development, conventional dehydrated,
mounted with neutral gum. Staining was
observed by high-powered microscope.

Western blot analysis

After designated treatment, lysates were gen-
erated by placing these cells in RIPA lysis buf-
fer. Bradford assays were performed to deter-
mine total protein concentrations, which were
normalized to 1 mg/ml for all samples. Samples
were then prepared in sample buffer and heat-
ed to 95°C for 5 min. These samples were then
run on 10% polyacrylamide gels for proteins.
Protein lysates (15 ml) in sample buffer from
each tissue were loaded within each well. Gels
were run at a constant current (10-15 mA) for
3-4 h for maximum separation. Wet transfer
was performed for 1 h at constant current (300
mA) using polyvinylid-enedifluoride membrane
presoaked in methanol. The membrane was
blocked in 5% milk in 0.2% PBST. The mem-
brane was then washed in 0.2% PBSTx3 for 15
min each. The membranes were then incubat-
ed overnight with primary antibodies directed
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Figure 2. Apoptotic cell morphology of PC12 by No. 1508 staining under fluorescent microscope 200 times. A: The

control; B: AB

25-35

at either protein. Subsequently, the mem-
branes were washed in 0.2% PBSTx3 for 15
min each. The membrane was then incubated
with secondary antibody for 60 min.
Chemiluminescent (Bio-Rad, Hercules, CA,
USA) detection was then used to detect expres-
sion of each protein, actin levels served as
internal loading controls.

Statistical analysis

Statistical analysis was performed by SPSS
16.0 statistical software. All data were ex-
pressed as means = SD from at least three
independent experiments. P values were deter-
mined using one-way ANOVA. Significance was
defined as P<0.05.

Results
Effect of Ex-4 on apoptosis activity of PC12 cell

Ex-4 is a potent and long-acting agonist of the
glucagon-like peptide-1 (GLP-1) receptor. GLP-1
is an insulinotropic gut peptide and is being
evaluated for the regulation of plasma glucose
in type 2 diabetes [12]. Ex-4 exhibits dose-
dependent glucoregulatory activity, but causes
dose-limiting nausea and vomiting [13]. In this
study, we first explore the effect of Ex-4 on
apoptosis activity of PC12 cell and the results
were shown in Figure 1. As shown, compared
with the control, PC12 cell activity with AB, .
concentration of 20 uM and Ex-4 concentration
of O uM was significantly higher (P<0.01). It
then increased with Ex-4 concentration
increased from O uM to 200 uM and AB,, ..
concentration keeping 20 yM. Compared with
PC12 cell activity with Ex-4 concentration of O
UM, the difference in the group with Ex-4 con-
centration of 10 yM began to have statistical
significance. It indicated Ex-4 with concentra-
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treatment group; C: Ex-4 pre-protecting group; D: Exendin9-39 pretreatment group.

tion > 10 yM could significantly strengthen
PC12 cell activity.

TUNEL staining

TUNEL assay is now commonly used to investi-
gate apoptosis. TUNEL clearly revealed a dis-
tinct pattern of nuclear staining. In this study, 4
groups of PC12 cells were stained with TUNEL
and the results were shown in Figure 2. Cells
with brown yellow were apoptotic cells. As
shown, the number of cells with brown yellow
increased significantly and had significant dif-
ference in AB,, .. treatment group compared
with the control. The number decreased mark-
edly after the admission of Ex-4 in Ex-4 pre-
protecting group compared with that in A[325735
treatment group and the difference had statis-
tical significance. The value then increased
when Ex9-39 introduced in Ex9-39 pretreat-
ment group compared with that in Ex-4 pre-pro-
tecting group. Those suggested Ex-4 could pro-
mote PC12 cell apoptosis.

Flow cytometry

Exendin9-39 is a truncated form of the lizard
GLP-1 related peptide Ex-4, results in impaired
glucose tolerance, and diminished glucose-
stimulated insulin levels [14]. In this study, to
explore the inhibition effect of Ex-4 on PC12
cell apoptotic rate, AR, ., was added to PC12
to determine the apoptotic rate and Ex9-39
was also added to silence Ex-4. The results
were shown in Table 1. As shown, compared
with the control, PC12 cell apoptotic rate
increased significantly in AB,, .. treatment
group. PC12 cell apoptotic rate decreased
markedly in Ex-4 pre-protecting group com-
pared with that in AR, .. treatment group. The
value then increased with introduction of Ex9-

Int J Clin Exp Pathol 2015;8(10):12784-12792
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Figure 3. Immunohistochemical results of caspase12, CHOP and GRP78 in the control, A
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control; B: AR
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Table 2. Immunohistochemically-positive cell count-
ing

A Count of Immunoreactive PC12 cell
Group n (X £s)

(Hmol/1)
Caspasel2 CHOP GRP78

Con 9 0 10.2+2.2 13.1+2.9 8.5%2.1

AB 9 20 75.4+6.8° 65.8+5.6° 62.8+5.4°
Ex-4 9 20 55.5+5.4> 48.5+4.2° 46.314.3°
Ex9-39 9 20 70.845.6° 60.1+4.4° 58.5+5.2°

abep<(Q.05 vs. the control.
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Figure 4. Protein expression levels of caspasel2,
CHOP and GRP78 in the control, AR, .. treatment
group, Ex-4 pre-protecting group and exendin9-39
pretreatment group. A: The control; B: AR, . treat-

ment group; C: Ex-4 pre-protecting group; D: Exen-
din9-39 pretreatment group.

39 in Ex9-39 pretreatment group compared
with that in Ex-4 pre-protecting group. It indi-
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treatment group; C: Ex-4 pre-protecting group; D: Exendin9-39 pretreatment group.

cated when AB, . existed, PC12 cell apop-
totic rate increased and then decreased
significantly with the use of Ex-4.

Immunohistochemistry

To explore the molecular mechanism on
how Ex-4 inhibit AB,, .. induced PC12 cell
apoptosis, endoplasmic reticulum stress-
related proteins Caspasel2, CHOP GRP78
were determined by immunohistochemis-
try. We examined the immunohistochemical
staining of PC12 cells in the control, AB,, ..
treatment group, Ex-4 pre-protecting group and
Exendin9-39 pretreatment group. The immuno-
histochemical staining results were shown in
Figure 3 and Table 2. PC12 with brown staining
were positive at x200 light microscopic. As
shown, the number of brown staining cells
with Caspasel2 antibody, CHOP antibody and
GRP78 antibody increased with AB,. .. con-
centration increased from O uM to 20 uM. The
value decreased in Ex-4 pre-protecting group
and increased with introduction of Exendin9-39
in Exendin9-39 pretreatment group compared
with that in AB, . treatment group. It indicated
AB,, .5 could significantly upregulate CHOP,
GRP78 and Caspase-12 expression, and the
value remarkably reduced after the treatment
with Ex-4.

Int J Clin Exp Pathol 2015;8(10):12784-12792
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Table 3. Protein gray value/GAPDH gray value of cas-

pasel2, CHOP and GRP78
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Deposits of AB are apparent in ageing
and AD 1. The AR constituent (relative

Group

N AB Protein gray value/GAPDH (X £ s)

molecular mass 4,200) of the deposits
is derived from the B-amyloid precursor

(umol/l) - caspase12 CHOP

protein (B-APP) which is expressed in

Con 3 0

AB 3 20
Ex-4 3 20
Ex9-39 3 20

0.11+0.03  0.26+0.02 0.29+0.04 several neurodegenerative diseases
0.86+0.05% 0.72+0.05° 0.71+0.05°

0.55+0.03* 0.41+0.03° 0.43+0.03°
0.81+0.04° 0.68+0.04" 0.63+0.04°

[18]. B-APP occur as 110 to 135 kilodal-
ton membrane-associated proteins in
neural and nonneuronal tissues [19].

abep<(.05 vs. the control.

Western blot analysis

Western blotting is a protein analysis technique
which combines protein separation in an elec-
tric field with immunochemical methods of pro-
tein detection. It is used to identify, character-
ize, quantify, and/or isolate proteins or antibod-
ies present in complex biological processes. In
order to further research the change of endo-
plasmic reticulum stress-related proteins
Caspasel2, CHOP, GRP78 protein expression,
Western blotting was applied. The western
immunoblots results were shown in Figure 4
and protein gray values of Caspasel2, CHOP
GRP78 were shown in Table 3. As shown, the
protein expression and gray value of Caspasel2,
CHOP and GRP78 in AB,, . treatment group
were significantly higher than those in the con-
trol. The values decreased when Ex-4 existed in
Ex-4 pre-protecting group compared with that
in AB, .. treatment group and markedly
increased with the existence of Exendin9-39 in
Exendin9-39 pretreatment group compared
with those in Ex-4 pre-protecting group.

Discussion

The neurodegenerative diseases, such as
Alzheimer’s disease (AD) and Parkinson’s dis-
ease (PD), are age-related disorders character-
ized by the deposition of abnormal forms of
specific proteins in the brain. Selective degen-
eration and death of one or more classes of
neurons is the defining feature of human neuro-
degenerative disease [15]. The etiology of most
neurodegenerative disorders is multifactorial
and consists of an interaction between environ-
mental factors and genetic predisposition [16].

In recent years, it has become increasingly
clear that many neurodegenerative diseases
involve aggregation and deposition of misfold-
ed proteins such as B-amyloid peptide (AB) [17].
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Studies showed inhibition of neocortical
AB accumulation may be essential in an
effective therapeutic intervention for AD
[20]. Moreover, many apoptotic insults, includ-
ing AB, cause neuritic degeneration. AR can
induce neuronal apoptosis by a mechanism
which involves the c-Jun N-terminal kinase
pathway and the induction of Fas ligand [21].
AB has been implicated as a key molecule in
the neurodegenerative cascades of AD. It
directly induces neuronal apoptosis, suggest-
ing an important role of AB neurotoxicity in AD
neurodegeneration [22]. Ex-4 is a 39-amino
acid peptide approved for the adjunctive treat-
ment of type 2 diabetes [23]. It originally iso-
lated from saliva of the lizard Heloderma sus-
pectum, shares 53% sequence homology and
several potentially antidiabetic actions with the
mammalian hormone glucagon-like peptide-1
(7-36) amide (GLP-1) [24]. It can protect B-cells
from interleukin-1B-Induced apoptosis by inter-
fering with the c-Jun NH2-terminal kinase path-
way [25]. In AD, Ex-4 could be used to treat the
diabetes by reducing AB production [26]. In this
study, PC12 cell activity increased with Ex-4
increased from O uM to 200 puM and AB,, ..
keeping the same concentration of 20 uM. In
indicated Ex-4 could inhibit AB, .. induced
apoptosis in PC12 cells.

To explore the molecular mechanism about
how Ex-4 inhibit AB,, .. induced apoptosis in
PC12 cells, endoplasmic reticulum stress-relat-
ed proteins Caspasel2, CHOP, GRP78 expres-
sion by western blot and cell immunocytochem-
istry. Results showed Ex-4 could suppress
Caspasel2, CHOP and GRP78 expression
which were upregulated by AR, ... Calpains is a
cysteine protease family that plays important
role in regulating pathological cell death [27].
Caspase-12 is a dominant-negative regulator of
caspase-1 (IL-1B-converting enzyme) and an
attenuator of cytokine responsiveness to sep-
tic infections [28]. The endoplasmic reticulum
(ER) is emerging as a contributory component
of cell death after ischemia. Since caspase-12

Int J Clin Exp Pathol 2015;8(10):12784-12792
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has been localized to the ER and is a novel sig-
nal for apoptosis [29]. Study showed calpain
and caspase processing of Caspase-12 con-
tribute to the ER stress-induced cell death
pathway in differentiated PC12 cells [30]. Hetz
reported the inhibition of Caspase-12 activa-
tion might provide a novel therapy for TSEs and
other neurodegenerative diseases initiated by
protein misfolding [31]. CHOP, a member of the
C/EBP family of transcription factors, mediates
effects of cellular stress on growth and differ-
entiation [32]. It can be activated by ER stress,
and induces death by promoting protein syn-
thesis and oxidation in the stressed endoplas-
mic reticulum [33]. It was an important target
for therapeutic intervention to prevent second-
ary progression of ischemic brain injuries [34].
The induction of CHOP is involved in acute brain
damage as well as neurodegeneration [35].
GRP78 is a central regulator of ER function due
to its roles in protein folding and assembly, tar-
geting misfolded protein for degradation, ER
Ca?-binding and controlling the activation of
trans-membrane ER stress sensors [36]. Its
induction has recently been shown to play a
critical role in maintaining cell viability against
several kinds of stress [37]. During early mouse
embryonic development, GRP78 is required for
cell proliferation and protecting the inner cell
mass from apoptosis [38]. It has been taken as
a therapeutic target for neurodegenerative dis-
orders [39]. All those indicated Caspasel2,
CHOP and GRP78 expression were related with
PC12 cell apoptosis.

In conclusion, AB,, .. could induce PC12 cell
apoptosis and Ex-4 can inhibit the apoptosis by
suppressing endoplasmic reticulum stress-
related proteins Caspasel2, CHOP and GRP78
expression.
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