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Autophagy is a degradation pathway for the turnover of dysfunc-
tional organelles or aggregated proteins in cells. Extracellular
accumulation of B-amyloid peptide has been reported to be a major
cause of Alzheimer disease (AD) and large numbers of autophagic
vacuoles accumulate in the brain of AD patient. However, how
autophagic process is involved in AfB-induced neurotoxicity and
how AP peptide is transported into the neuron and metabolized
is still unknown. In order to study the role of autophagic process
in APB-induced neurotoxicity, EGFP-LC3 was overexpressed in
SH-SY5Y cells (SH-SY5Y/pEGFP-LC3). It was found that treat-
ment with AR, 5, AB, 4, or serum-starvation induced strong
autophagy response in SH-SY5Y/pEGFP-LC3. Confocal double-
staining image showed that exogenous application of AB, ,, in
medium caused the colocalization of AB, 4, with LC3 in neuronal
cells. Concomitant treatment of AP with a selective 07nAChR
antagonist, O-bungarotoxin (0.-BTX), enhanced AB-induced neuro-
toxicity in SH-SY5Y cells. On the other hand, nicotine (nAChR
agonist) enhanced the autophagic process and also inhibited cell
death following AP application. In addition, nicotine but not
0-BTX increased primary hippocampal neuronal survival following
AP treatment. Furthermore, using Atg7 siRNA to inhibit autopha-
gosome formation in an early step or 07nAChR siRNA to knock
down 0.7nAChR significantly enhanced AB-induced neurotoxicity.
Confocal double-staining imaging shows that nicotine treatment
in the presence of AP enhanced the colocalization of 0.7nAChR
with autophagosomes. These results suggest that 07nAChR may
act as a carrier to bind with eAP and internalize into cytoplasm
and further inhibit AB-induced neurotoxicity via autophagic degra-
dation pathway. Our results suggest that autophagy process plays
a neuroprotective role against AB-induced neurotoxicity. Defect
in autophagic regulation or AB-07nAChR transport system may
impair the clearance of AP and enhance neuronal death.
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Introduction

Macroautophagy, hereafter referred to as autophagy, is an evolu-
tionarily conserved process which is a lysosomal degradation pathway
for long-lived protein and cytoplasmic organelles."> Autophagy is
a complete and irreversible degradation of the substrate by lyso-
somal enzymes.> Genetic studies using various model organisms
have highlighted the importance of autophagy in physiological and
pathological events. The principal role of autophagy is the supply of
nutrients for survival, as shown in yeast.4 In addition to this funda-
mental role, autophagy also contributes to development, longevity,
growth regulation, tumor suppression, immunity (intracellular clear-
ance, degradation of invading bacteria or virus) and cell death.>”7
Autophagy also functions in a number of neurodegenerative diseases
such as Parkinson, Huntington and Alzheimer diseases, possibly by
removing damaged organelles to reduce the production of reactive
oxygen species and aggregate-prone proteins.

LC3 (microtubule-associated protein light chain 3) is one of
three mammalian homologues of yeast Atg8, which is localized in
autophagosome membrane after processing and is a widely applied
marker for autophagy. LC3 is not only necessary for the formation
of autophagosome, but also participates in the formation of the
autophagosomal membrane.? Following synthesis, the C-terminus
of LC3 is cleaved by Atg4 to produce LC3-I (resides in the cytosol;
free form), LC3-I is then further converted to LC3-II (membrane-
bound form) by Atg7 and Atg3.8 The amount of LC3-11 is correlated
with the extent of autophagosome formation. LC3-11 is also the first
mammalian protein identified to specifically associate with autopha-
gosome membrane.”?

Alzheimer disease (AD) is a neurodegenerative disorder charac-
terized by progressive dementia and brain morphological change
such as atrophy, senile plaques with fibrillogenic beta amyloid (Af),
and intraneuronal neurofibrillary tangles (NFT) with hyperphos-
phorylated tau.!® It has been demonstrated that a large number
of autophagic vacuoles are observed in dystrophic neurites before
extracellular AP deposition in the neurons of AD patients and prese-
nilin-1 (PS1)/APP mice, suggesting that the autophagy system is
involved in AD pathogenesis.!!"!? The mechanism related to intra-
cellular AB accumulation, the association of extracellular Af with

2009; Vol. 5 Issue 4



Autophagy exerts neuroprotection

autophagosome, and the pathogenic role of
autophagy process in AD are still not clear. A Control
In order to examine the role of autophagic
process in AB-induced neurotoxicity, we here
overexpressed pEGFP-LC3 in SH-SY5Y
neuroblastoma cells (SH-SY5Y/pEGFP-
LC3) to study the effect of autophagic

process on the AB-induced neurotoxicity.

Results

AP activates the autophagic process in
SH-SY5Y. We examined autophagosome
formation by using two stable clones of
SH-SY5Y/pEGFP-LC3 cells. Cells were
treated with AB,s 55 or AP, ,, (10 or
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response to AP treatment were shown in
Figure 1B. The results suggest that AR,
35 APy 4, or serum starvation increased
EGPF-LC3-II punctate dots formation in
these two clones at 4 h. The average data
of two clones in Figure 1C indicated that
AB-induced EGPF-LC3-1I punctate was
dose- and time-dependent. The results revealed that autophago-
some formation reached maximal effect at 4 h and 30 UM A, 5
had more autophagosomes than 10 UM at 2 h. AB, ;5-induced
autophagosome formation declined after 24 h incubation. On the
other hand, the autophagosome formation in response to serum
starvation still maintained at a high level after 24 h treatment.

We further used drugs which affect autophagosome formation
or degradation to examine the effect of AB,5 ;5 or AR, 4, on the
autophagic process. Cotreatment of AB,s 55 or AB, 4, (30 uM)
with 40 nM bafilomycin Al, a H*-ATPase inhibitor which blocks
the fusion of autophagosome with lysosome, significantly increased
EGPF-LC3-1I fluorescent punctate dots formation (Fig. 2A). In
contrast, wortmannin (20 nM), which inhibits autophagosome
formation, antagonized the fluorescent punctate dots formation
following A, 55 treatment or serum withdrawal (Fig. 2A). While
raising bafilomycin A1 concentration from 40 nM to 200 nM, Figure
2B shows no significant difference in dot formation under serum-free
condition for 4 h, suggesting that 40 nM bafilomycin Al was high
enough to exert effects in SH-SYSY/pEGFP-LC3 cells (Fig. 2B);
Zhu et al.’> also found that treatment of SH-SY5Y cells with 10 nM
bafilomycin Al can effectively block the fusion of autophagosome
with lysosome. The quantitative results of AB-induced autophago-
some at 2-4 h in the presence of bafilomycin Al or wortmannin were
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Figure 1. AB increases autophagosome formation in SH-SY5Y/pEGFP-LC3 cells. (A) SH-SY5Y/pEGFP-
LC3 cells were treated with ABys 45 or ABy 4o (30 UM) or serum starvation for 4 h, autophagosome
formation increased as demonstrated by the fluorescent punctate dots. Scale bar: 25 um. (B) Summarized
result of fluorescent punctate dots formation at 4 h in two different clones. *#p < 0.05 as compared with
respective control of clone 1 and clone 2. (C) Time-dependent effect of autophagosome formation. Data
were presented as Mean = SEM. *p < 0.05 as compared with control.

shown in Figure 2C. A also concentration-dependently enhanced
the number of autophagosomes following bafilomycin Al treatment.
Western blotting revealed that AB, ,, enhanced the conversion of
EGFP-LC3-I to EGFP-LC3-II and bafilomycin Al (40 nM) further
increased the cellular content of EGFP-LC3-II via the inhibition of
autophagosome degradation (Fig. 2D; the quantitative results were
shown in the right). These results demonstrate that AP increased
autophagosome formation and bafilomycin Al enhanced, whereas
wortmannin inhibited this potentiating action.

Colocalization of AP, ,, with autophagosomes in SH-SY5Y/
pEGFP-LC3 cells. We further examined whether AP can be inter-
nalized and colocalized with autophagosome. In order to increase
the autophagosome dot formation, the cells were treated with AB, ,
(1 uM) for 4 h in the presence of bafilomycin Al. The immunos-
taining showed that AB, ,, peptide was internalized and colocalized
with EGFP-LC3-II punctate dots as demonstrated by confocal
microscope (Fig. 3; the representative colocalization is indicated by
arrow), suggesting that AP can be internalized and colocalized with
autophagosomes.

Autophagic process protects neuron from AB-induced neuronal
death. LC3-I is a cytosolic soluble protein and becomes membrane-
associated when it is converted to LC3-1II, which is dependent upon the
Atg5-Atgl2-Atgl 6 complex formation. LC3 and Atgl2 are ubiquitin-
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Figure 3. Colocalization of AB; 4, with EGFP-LC3-Il punctate dots in the cytoplasm of
SH-SY5Y/pEGFP-LC3 cells. Cells were treated with AB; 4, (1 uM) plus bafilomycin Al
(10 nM) for 4 h, confocal immunostaining images showed the internalization of AB; 4,
which were colocalized with EGFP-LC3-Il autophagosome as indicated by arrows. Scale

bar: 10 um.

like proteins that are activated by the El-like enzyme Atg7 during
these processes.®1¢ SH-SY5Y cells were then transfected with 20 nM
Atg7 siRNA to inhibit autophagosome formation at an earlier step.
Figure 4A showed that knockdown of endogenous Atg7 expression
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Figure 2. AB-induced autophagosome accumula-
tion is enhanced by bafilomycin A1 and inhibited
by wortmannin in SH-SY5Y/pEGFP-LC3 cells. (A)
The photographs showed that bafilomycin AT (40
nM) enhanced and wortmannin (20 nM) inhibited
ABys.35- ABy_42-(30 UM) or serum starvation-induced
increase of autophagosomes after 4 h incubation.
Scale bar: 25 um (B) Bafilomycin Al increased
EGFP-LC3-l punctate formation in control cells or 4 h
after serum starvation. (C) Bafilomycin A1 enhanced
and wortmannin inhibited EGFP-LC3-lI dots formation
following AB treatment. *p < 0.05 compared with
control; #p < 0.05 compared with AB,s 35, AB;.
4oireatment or serum starvation alone. (D) AB; 4,
treatment increased the conversion of EGFP-LC3-I to
EGFP-LC3HI after 4 h incubation. Cotreatment of AB;.
42 With bafilomycin A1 (40 nM) further increased the
level of EGFP-LC3-Il using western blotting analysis.
The summarized data are shown in the right panel.
*p < 0.05 compared with respective control; #p <
0.05 compared with bafilomycin A1 alone.

significantly increased AB-induced Hoechst (+)
cells as compared with control siRNA (siCon)
group. The quantitative data showed that Atg7
knockdown enhanced AP, 55/AB; 4,-induced
neuronal death by 1.3/1.9 folds, respectively
(Fig. 4B). Treatment of siAtg7 for 48 h inhib-
ited endogenous Atg7 protein expression (Fig.
4C) and further antagonized AP, 4,-induced
conversion of LC3-I to LC3-II (Fig. 4D).
These results suggest that autophagic process
plays an important role in protecting neurons
against AB-induced apoptosis. Flow cytometry
analysis of PI staining also revealed similar
results that knockdown of Atg7 using siAtg7
significantly increased the subG, population
following A, ;5 treatment (Fig. 4E).
0.7nAChR receptors are involved in neuro-
protection following AP treatment. Nagele et
al.!” reported that 07nAChR in neurons facili-
tates intracellular accumulation of AP. In order
to study the relationship of a7nAChR and

extracellular AP in autophagic process, nicotinic agonist
and antagonist were thus used. SH-SY5Y/pEGFP-LC3
cells were treated with 30 UM AB,; 55 or AB, 4, in the
presence of nicotine (nicotinic receptor agonist) or o-BTX
(07nAChR antagonist). Figure 5A showed that treatment
with nicotine alone but not a-BTX for 4 h increased the
activation of autophagic process. Concomitant treatment
with bafilomycin A1 (40 nM) enhanced nicotine-induced
autophagosome formation (Fig. 5B). In addition, nico-
tine also enhanced AP,y ;s-induced autophagosome
formation (Fig. 5A and B). In contrast, a-BTX inhibited
autophagosome formation induced by AP, ;5 (Fig. 5A

and B). On the other hand, both nicotine and o-BTX
did not influence serum starvation-induced autophago-
some formation in SH-SY5Y/pEGFP-LC3 cells (Fig. 5B), indicating
the selectivity of nicotinic receptors in regulating autophagic process
induced by different conditions. Furthermore, it was found that
AB,s 55~ or AP, 4 -induced neuronal apoptosis was inhibited by
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Figure 4. Knockdown of Atg7 or 07nAChR enhances AB-induced neuronal death. SH-SY5Y cells were pretransfected with 20 nM Atg7 siRNA for 48 h
or a7nAChR (07R) siRNA for 24 h before treatment with 30 uM AB,s 55 or AB, 45 for another 48 h. (A) Images of Hoechst (+) stained cells showed that
knockdown of Atg7 or a7R enhanced cell apoptosis induced by ABys 55 or AR 4,. Arrows indicated the nuclear condensation of cells, which were enlarged
in the upper corner. (B) Summarized data of Hoechst (+) staining. (C) Atg7/0.7R siRNA treatment reduced the protein expression of Atg7/a7R at 48/24
h. (D) Knockdown of Atg7 antagonized AB, 4, (30 uM, 4 h treatment]-induced the conversion of LC3- to LC3HI. (E) Knockdown of Atg7 enhanced AB,s 55
(30 uMJ-induced increase of subG, cell population examined by flow cytometry analysis of Pl stained cells. Scale bar: 25 um. *p < 0.05 compared with
control without ABys 55 or ARy 4o #b < 0.05 compared with respective ABys.35- or AR, 4otreatment alone. siCon: control siRNA.

nicotine (0.3 and 1 mM) and enhanced by a-BTX in SH-SY5Y
(Fig. 5C). However, nicotine and o-BTX had no significant effect on
serum starvation-induced apoptosis in SH-SY5Y (Fig. 5D). It has been
reported that AP causes membrane oxidation and ROS production,
which leads to neuronal apoptosis.'® We further investigated intrac-
ellular free radical generation following A, 5 treatment. Exposure
to AB,s 55 for 48 h resulted in a dose-dependent increase of intracel-
lular free radicals in SH-SY5Y, as demonstrated by DCF fluorescence
assay (106.1 + 6.4%, 117.2 + 5.9% and 147.1 + 4.7% of control,
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respectively for 3, 10, 30 UM AP, s, respectively). Nicotine
or rapamycin (autophagic process stimulator) inhibited AP, 55-
induced free radical formation, whereas 0-BTX or wortmannin
(autophagic process inhibitor) enhanced it (Fig. 5E). We further
studied the influence of nicotine and a-BTX on the clearance of
extracellular AP, , in wild-type SH-SY5Y cells. As shown in Figure
5E pretreatment with nicotine (1 mM) decreased and o-BTX (5 uM)
increased the extracellular AB, ,, content in the culture medium 2
h after incubation, suggesting that nicotinic receptor activation may
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Figure 5. Nicotine inhibits and 0-BTX enhances AB-induced neuronal death. (A) Photographs showed that treatment with nicotine (1 mM) alone but not 0-BTX
(5 uM) for 4 h induced the activation of autophagic process. Cotreatment with nicotine (1 mM) enhanced and a-BTX (5 uM) inhibited AB,s 55 (30 uM)-
induced autophagosome formation in SH-SY5Y/pEGFP-LC3 cells. Scale bar: 25 um. Quantitative analysis was shown in (B). Note that cotreatment of 1 mM
nicotine with 40 nM bafilomycin A1 (Ba) enhanced autophagosome formation. (C) Nicotine inhibited and a-BTX enhanced A, s 55- or AB; 4o-induced neu-
ronal apoptosis, which was evaluated by Hoechst staining. (D) Nicotine and o-BTX treatment did not influence serum starvation-induced neuronal apoptosis at
24 h in SH-SY5Y cells. (E) Nicotine or rapamycin inhibited and 0-BTX enhanced A, 55-induced increase of intracellular free radicals formation in SH-SY5Y
using DCF assay. *p < 0.05 compared with control without AB,s 55 or AB; 4o; #p < 0.05 compared with AB,s 55- or AB, 4otreatment alone. (F) Quantitative

analysis of extracellular AB, 4, of the conditioned medium in SH-SY5Y cells 2 h after AB, 4, (1 tM) application.

enhance the internalization of AR, 4,. AB, , in the cell lysate can
not be detected by ELISA, probably due to the intracellular degrada-
tion. Using siRNA to knock down a7nAChR (sia7R) in SH-SY5Y
cells, the western blotting result showed that treatment of sio7R
for 24 h inhibited endogenous 0.7nAChR protein expression (Fig.
4C). Figure 4A showed that knockdown of endogenous 0.7nAChR
expression significantly increased AR, ,,-induced Hoechst (+) cells
as compared with control siRNA (siCon) group. The quantitative
data showed that 07nAChR knockdown enhanced AP, 4,-induced
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*p < 0.05 compared with control.

neuronal death by one fold (Fig. 4B). These results demonstrate the
role of 07nAChR in regulating eAB-induced neurotoxicity and ROS
formation but not serum starvation-induced cell apoptosis.
AB-treatment induces 0.7nAChR internalization and colocal-
ization with autophagosome in SH-SY5Y/pEGFP-LC3 cells. As
mentioned above, 07nAChR regulates autophagosome formation
induced by AP. We further investigated 0t7nAChR internaliza-
tion upon AP treatment. Confocal image showed that 07nAChR
was diffusely stained by a7nAChR antibody in control SH-SY5Y/
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pEGFP-LC3 cells (Fig. 6). However, AB25_35 (30 uM)-treatment
for 4 h induced formation of intracellular cluster of o7nAChR.
AB,s 55 plus nicotine greatly increased the number of o7nAChR
clusters, which were colocalized with EGFP-LC3-II (Fig. 6, the
co-localization is indicated by arrow). These results indicate that the
surface 07nAChR may act as a carrier for AP and is internalized for
degradation by the autophagosome-lysosome system in cytoplasm.

Autophagic process regulates AB-induced neurotoxicity in
primary cultured hippocampal neurons. We further examined
whether autophagic process affects the AB-induced neuronal toxicity
in primary cultured neurons by using drugs related to autophago-
some regulation. NeuN antibody can recognize neuron-specific
nuclear protein. Figure 7 showed that AB, 55 or AB, ,, (20 uM)
treatment for 48 h decreased the number of NeuN (+) cells of
primary hippocampal neuron cultures. However, cotreatment of Af3
with nicotine (0.3 or 1 mM) or rapamycin (0.3 or 1 UM) rescued
AB-induced neuronal death (Fig. 7A and B). In contrast, o-BTX
(0.3 or 1 UM) or wortmannin (20 nM) enhanced the neuronal death
caused by AB (Fig. 7).

Discussion

The interplay between autophagy and apoptosis is complex,
with accumulating data revealing cases in which autophagy is either
an antagonist, agonist or independent of canonical programmed
cell death via the apoptosis pathway.!® Several groups suggest
that aggregated proteins in neurons such as htt (n-terminus of
mutant huntingtin) or o-synuclein can activate autophagic process
and further be degraded by autophagic pathway in the culture
system.!?2% Inhibition of autophagic process with autophagic
blocker increases cell death.'®?® On the other hand, treatment of
dopamine also induces autophagic cell death and a-synuclein accu-
mulation.?! These studies suggest that autophagy may be involved in
normal processing of these aggregated proteins in cells.

In order to evaluate the neuroprotective effect of autophagic
process against AP-induced neurotoxicity, we established a cell
clone with LC3 overexpression (SH-SY5Y/pEGFP-LC3). Here we
found that extracellular AP treatment induced a strong autophagic
process similar to serum starvation. Previous studies have shown
that AB,5 55 or AB, 4, peptide induces apoptotic cell death through
the similar pathway, including ROS accumulation, mitochondrial
toxicity (increase of cytochrome C release) and p53-Bcl2-Bax
signaling pathway.?>24 We have also demonstrated that AB treat-
ment induced ROS accumulation and cotreatment of A with the
autophagic stimulator rapamycin decreased ROS accumulation in
SH-SY5Y and enhanced hippocampal neuronal survival. In contrast,
the autophagic blocker wortmannin antagonized these protective
actions. Phosphatidylinositol 3-kinase (PI3K) is essential in the
regulation of many cellular processes, such as signal transduction,
endocytosis and endosome fusion.?>?” Here we used wortmannin
as the inhibitor of autophagy since wortmannin is reported to be a
potent inhibitor of autophagic pathway at nanomolar concentration
in hepatocytes and CHO cells.?82?

Yu et al.'"1? found that autophagic vacuoles in the brain are the
major reservoir of intracellular AB. They also found that autophagy
in SH-SY5Y is via the mTOR kinase pathway accompanied with the
increase of LC3-II level. In addition, autophagic process is impaired
in AD brain and in PS1-APP mice, which leads to the accumulation
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Figure 6. AB,5 55 increases clusters formation and colocalization of 07nAChR
with autophagosome in SH-SY5Y/pEGFP-LC3. Confocal images showed that
0.7nAChR was diffusely stained in control cells by using 0.7nAChR antibody
immunostaining. ABys4s (30 uM) plus nicotine (1 mM) treatment for 4 h
induced a significant increase of a7nAChR internalization and clusters
formation. Nicotine (1 mM) treatment enhanced AP, 35-induced autopha-
gosome accumulation and the co-localization with a7nAChR. The lower
panels showed the merged image of cell treated with AB,5 45 + nicotine (the
co-localization is indicated by arrow). Scale bar: 10 pum.

of AB-containing autophagic vacuoles within affected neurons.3°

We have also found that AB-treatment activated autophagic process
because of (1) increase in the number of autophagosomes (2)
increase in LC3-1II protein level in SH-SY5Y/pEGFP-LC3 cell line.
Impairment of autophagic process leads to the increase of neuronal
death, indicating that the clearance of AP by autophagosome
provides neuroprotective mechanism.

0.7nAChR is a neuronal homopentameric cation channel, which
is highly permeable to Ca?*. 07nAChR modulates Ca’* homeo-
statsis and the release of acetylcholine and binds with high affinity
to 0-BTX.3! 07nAChR is found to be expressed in human neuro-
blastoma cell line SH-SY5Y and the neurons of human hippocampus
and cortex.!”32 Nagele et al.!'” demonstrate that binding of extra-
cellular AB peptide with high affinity to 07nAChR facilitates the
entry and intraneuronal accumulation of AP, ,, via endocytosis,
suggesting that AP is actively uptaken by surface receptors such
as the 07nAChR. Furthermore, 07nAChR antagonist a-BTX
or endocytosis inhibitor PAO significantly inhibits AB, ,, inter-
nalization. Peng et al.3? found that nicotine induces endocytosis,
internalization and further lysosomal destruction of nAChRs in
SH-SY5Y. We also demonstrated that nicotine treatment (1 mM)
alone increased the activation of autophagic process in SH-SY5Y/
pEGFP-LC3 cells. Nordberg et al.3> and Hellstrom-Lindahl et
al.34 also demonstrate that chronic (4.5 months) or short-term (10
days) nicotine treatment effectively reduces AP plaque formation
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Figure 7. Effects of autophagic process-related drugs on AB-induced neu-
rotoxicity in primary hippocampal neuron. (A) Photographs showed that
ABys35 or ABy 4y (20 uM) treatment for 48 h decreased the number of
surviving NeuN (+) cells in primary hippocampal neuron-enriched cultures.
Cotreatment of ABys35 or ABj 4, with nicotine (0.3 mM) or rapamycin
(0.3 uM) inhibited and o-BTX (0.3 uM) or wortmannin (20 nM) enhanced
AB-induced neuronal death. Summarized results were shown in (B). Scale
bar: 25 um. *p < 0.05 compared with control without AB,s 55 or AB; 4,; #p
< 0.05 compared with AB,s 55- or AR 4,treatment alone.

and insoluble AP in the brain of APPsw mice but does not influ-
ence the content of soluble AB, o/B/y-secretase activity and APP
synthesis, indicating that nicotine-enhanced autophagy may play
a role in extracellular AB clearance. In addition, PI3K activity is
important in the activation of autophagic process and regulation of
early endosome fusion.?> Nicotinic receptor stimulation, especially
0.7nAChR activation by treatment with nicotine as an example,
protects neuron against AB-induced cytotoxicity both in cortical
and hippocampal neurons.3*3” Furthermore, we here demonstrated
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that knockdown of a7nAChR by siRNA significantly enhanced
AB-induced neurotoxicity in SH-SY5Y. In contrast, nicotine,
07nAChR agonist, exerted neuroprotection against AP-induced
neurotoxicity in SH-SY5Y cell and hippocampal neuron through
the facilitation of internalization and colocalization of a7nAChR
and AP with autophagosomes.

Autophagic process is a mechanism for cytoplasm degradation.
The surface 0.7nAChR receptor internalization to cytoplasm upon
the binding of Af may enhance the extracellular clearance of AB.
Knockdown of Atg7 or 07nAChR increased AB-induced neurotox-
icity in SH-SY5Y. Our results suggest that extracellular AP exerted
more neurotoxicity. Once AP was internalized and degraded by
autophagic process, extracellular AB-induced ROS accumulation
and neuronal death decreased as a consequence.

In summary, our results indicate that autophagy process plays a
neuroprotective role against AB-induced neurotoxicity. A defect in
autophagic regulation or AB-0.7nAChR transport system may impair
the clearance of AP and enhance neuronal death.

Materials and Methods

Reagents. Wortmannin, bafilomycin Al and nicotine were
purchased from Sigma (Sigma, St. Louis, Missouri). AB, ;5 and
AB, 4, were purchased from AnaSpec (AnaSpec, Inc., San Jose,
California). AP peptide at 1 mg was dissolved in 40 UL of 1%
NH,OH to get a clear solution and then diluted with ddH,O to
prepare 1 mM stock solution, which was stored at -20°C undil use.
o-bungarotoxin (0-BTX) was a gift from Long-Sen Chang (National
Sun Yat-Sen University, Taiwan).

Cell culture of SH-SY5Y and the selection of pEGFP-LC3
stable clone. SH-SY5Y cells were maintained in a humidified
incubator with 5% CO, at 37°C in F12/MEM supplemented
with 10% heat-inactivated fetal bovine serum (FBS; Biological
Industries, Grand Island, New York), 4,500 mg/L glucose, 100 U/
mL penicillin and 0.1 mg/mL streptomycin (Invitrogen, Carlsbad,
California). SH-SY5Y cells were transfected with pEGFP-LC3 or
pEGFP (pEGFP-C1; Clontech, Palo Alto, California) with 0.1%
lipofectamine 2000 reagent (Invitrogen, Carlsbad, California).
The culture medium was then changed by F12/MEM (Invitrogen,
Carlsbad, California) containing 10% FBS and 600 pg/mL G418
(Invitrogen, Carlsbad, California) 48 h after transfection. The
culture medium was changed once per week. Four to six weeks later,
stable clones were isolated. Two stable clones of SH-SY5Y/pEGFP-
LC3 or SH-SY5Y/pEGFP were selected for the following studies.

Quantification of EGFP-LC3-II-positive punctate dots. The
SH-SY5Y/pEGFP-LC3 cells were treated with AB,s 55 or AP, 4,
peptides for 2 to 24 h. EGFP-LC3-II-positive punctate dots were
taken in five random fields per slide using fluorescence microscope
at 200x magnification (Leica, Heidelberg, Germany). The punctate
dots were then counted in a blind manner. The data were presented
as EGFP-LC3-II-positive punctate dots/cell. EGFP-LC3-II-positive
punctate dot formation in serum-free medium was used as a positive
control. The values are the average obtained from 3-5 experiments.

Evaluation of apoptotic neurons. To investigate the effect of
autophagic process on the AP-induced cell apoptosis, cells were
seeded on a 24-well plate and treated with 30 UM AB,5 55 or AR, 4,
in the presence or absence of autophagy-related drugs for 48 h.
Cultures were then stained with Hoechst 33342 (10 uM; Sigma,
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St. Louis, Missouri) for 10 min at room temperature. Hoechst (+)
cells were taken in three random fields per well by using fluorescence
microscope at 200x magnification and then counted in a blind
manner. The result was expressed as percentage of Hoechst (+) cells/
bright field cells and the total count of the cells for each experi-
ment was more than 5,000 cells. The values are the average of the
percentage of Hoechst (+) cells obtained in 3-8 experiments.

Immunofluorescent staining. For double-immunolabeling
studies, the SH-SY5Y/pEGFP-LC3 cells were stained with primary
rabbit antibody against AB, ,, (1:500; Sigma, St. Louis, Missouri)
or 07nAChR (1:500; Abcam Inc., Cambridge, Massachusetts)
and then with Alexa-543-conjugated goat anti-rabbit secondary
antibody (Invitrogen, Carlsbad, California). The confocal images
were obtained using excitation wavelength of 488 nm (for EGFP)
and 543 nm (for Alexa-543), respectively (model SP2 TCS; Leica,
Heidelberg, Germany).

RNA interference. Inhibition of the autophagy machinery via
RNAIi was performed as previously described.!? Briefly, small inter-
fering RNA (siRNA) targeting human Atg7 (sense-GGA GUC ACA
GCU CUU CCU Us; 20 nM; Dharmacon, Lafayette, Colorado) or
0.7nAChR (sense-CCA CUC ACC GUC UAC UUC UTT; 20 nM;
MDBio, Taipei, Taiwan) was introduced for 24-48 h using 0.1%
lipofectamine 2000. The fluorescent siRNA oligonucleotide was
used to evaluate the delivery efficiency. Nontargeted RNA oligo-
nucleotide (control siRNA; sense-UUC UCC GAA CGU GUC
ACG UTT; 20 nM; MDBio, Taipei, Taiwan) was used as negative
control. Efficacy and specificity of protein knockdown was assessed
by western blotting.

Western blotting. The protein levels of EGFP-LC3-1, EGFP-
LC3-II, EGFP, LC3-1, LC3-11, Atg7 and 0.7nAChR were determined
by western blotting. Cells were homogenized in RIPA buffer
containing 1 mM PMSE 25 uM leupeptin and 1 pg/mL aprotinin.
Protein concentration was determined using the BCA protein assay
kit (Pierce, Rockford, Illinois). Protein at 20~-40 g was separated by
SDS-PAGE using 8-15% resolving gel under reducing conditions
and electrotransferred onto immobilon-P membrane (Millipore,
Bedford, Massachusetts). After being blocked with 5% non-fat milk
in TBS-T (0.5% Tween 20 in 20 mM Tris and 137 mM NaCl) for
1 h at room temperature, the membranes were incubated overnight
at 4°C with rabbit anti-GFP (1:5,000; Santa Cruz Biotechnology,
California), anti-LC3 (1:1,000; Abgent Inc., San Diego, California),
anti-Atg7 (1:1,000; Abgent Inc., San Diego, California) or anti-
07nAChR (1:5,000; Abcam Inc., Cambridge, Massachusetts)
primary antibody diluted in TBS-T. The membranes were probed
with a mouse anti-0t-tubulin antibody as a standard (1:10,000; Santa
Cruz Biotechnology, California). The blots were then incubated for 1
h at room temperature with an HRP-conjugated secondary antibody
(1:20,000; Invitrogen, Carlsbad, California). Protein bands were
detected using the ECL western blotting Substrate (Pierce, Rockford,
Illinois).

AB, 4, measurement using ELISA method. SH-SY5Y cells were
pre-treated with 1 mM nicotine or 5 UM o-BTX for 30 min before
incubation with AB, ,, (1 uM) for another 2 h. The conditioned
medium was collected for AP, ,, measurement using ELISA method
according to the manufacturers protocol (Covance, Emeryville,
California).

Hippocampal
hippocampus of E17 Wistar rats were prepared as previously

cultures. Neuron-enriched cultures from
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described with some modifications.'* Briefly, the brain tissues were
cleaned free of meningeal tissue, minced and mechanically dissoci-
ated by passage through a flame-polished Pasteur pipette. Dissociated
cells were seeded in DMEM (Invitrogen, Carlsbad, California)
containing 10% FBS, 4,500 mg/L glucose, 100 U/mL penicillin
and 0.1 mg/mL streptomycin. The hippocampus neuron-enriched
cultures were seeded at 3 x 103 cells/well on poly-D-lysine-coated
48-well plate. Twenty-four hours after plating, the cells were changed
to DMEM (Invitrogen, Carlsbad, California) supplemented with
2% B27 (Invitrogen, Carlsbad, California), 4,500 mg/L glucose, 100
U/mL penicillin and 0.1 mg/mL streptomycin. The hippocampal
neuron-enriched cultures were maintained in a humidified chamber
at 37°C in a 5% CO, atmosphere for 7-10 days, the medium was
changed every 3 days.

Immunocytochemistry. After treatment with 20 UM A, 55 or
AB, 4, for 48 h, the hippocampal neuron-enriched cultures were
fixed with 4% paraformaldehyde and treated with 3% hydrogen
peroxide to eliminate endogenous peroxidase activity prior to incu-
bation of primary antibody. The cultures were then incubated with
10% BSA and 0.1% Triton X-100 in phosphate-buffered saline
(PBS) for 30 min, and then treated overnight at 4°C with the NeuN
antibody (1:750; Chemicon, Temecula, California) in TBS. The
cultures were subsequently incubated for 1 h with the biotinylated
secondary antibody, and then for 30 min with avidin-biotin-
peroxidase complex (ABC kit; Vector Laboratories. Burlingame,
California). Finally, the labeling was revealed by treatment with
0.01% hydrogen peroxide and 0.05% 3,3’-diaminobenzidine (DAB;
Sigma, St. Louis, Missouri).

Statistics. Results are expressed as mean + SEM. Results were
analyzed with one-way analysis of variance (ANOVA) and Neuman-
Keuls post-hoc test to determine statistical significance between
specific groups. Difference is considered significant when p < 0.05.
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