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Abstract

Backgrounds: 3-Amyloid (Af) is a principal constitu-
ent of senile plaques in Alzheimer’s disease (AD) and
induces neuronal cell death. The molecular mechanism
of how AP evokes neuronal cell death remains compli-
cated, which were investigated in the present study.
Methods: Using the human neuroblastoma cell line SH-
SYSY, we investigated the neurotoxic effects of human
B-Amyloid 1-42 (APi42) aggregates on gene expres-
sion profile and protein expression profile by using the
Agilent GeneChip Human 1A (V2) Oligo MicroArray,
Quantitative Real-time PCR, PF-2D and Western blot
analysis.

Results: Our results show that AP.42 specifically in-
fluences gene and protein expression such as EGRI1,
elF5A, PDE8A, ERp57 and ERpS in pathways associ-
ated with apoptotic process, protein translation, cAMP
catabolic process and response to endoplasmic reticu-
lum stress.

Conclusion: Although Genes with significant changes
in transcriptomic analysis matched very few of the pro-
teins identified in proteomics analysis, our findings will
strengthen our knowledge concerning the molecular
mechanisms underlying AD.
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Introduction

The hallmark pathologies of Alzheimer’s disease (AD)
are the presence of amyloid-beta peptide (AP) depo-
sition, neurofibrillary tangle (NFT) formation as well
as neuronal loss. Several studies suggest that AP may
play a crucial role in the pathogenesis of AD in vitro
and in vivo'™. Despite several years of intense research,
the exact molecular mechanism of AB-caused neuro-
toxicity had not been definitely identified.

The genes differentially expressed have been identi-
fied in the neurotoxic model of AP using a cDNA mi-
croarray5’7. However, no conformities were achieved
among these researches, the differences could be de-
rived from the use of the neuronal model and different
arrays platforms in these studies. The data obtained
by proteomic analysis should enrich the information
generated by microarray-studies, as there is a lack of
correlation between transcriptional profiles and actu-
al protein levels in many studies®’. The ProteomeLab
PF-2D platform (Beckman Coulter, Fullerton, CA) can
be used for chromatofocusing separation, hydrophobic
fractionation and comparing various biological sam-
ples quantitatively. Compared to gel-based 2-DE, the
PF-2D system possess good reproducibility, high load-
ing capacity, and improved detection of lower abun-
dance proteins'.

In the present study, differential proteomic analysis
with a two-dimensional (2D) liquid chromatography-
based proteomic approach (PF-2D system) and gene
expression profiling analysis based on cDNA microar-
ray were used to identify the differentially expressed
genes and proteins in SH-SY5Y cells treated by Af1.42.
The findings were subsequently confirmed in an inde-
pendent group of Afi.4-treated cells and mock-cells
by real-time PCR and Western bolt analysis. The study
may provide more molecular targets that allow for un-
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Table 1. The primers used for Quantitative Real-time PCR.

Gene name Forward primer Reverse primer

GRIN2B 5'-GAAGAACTGGAAGCTCTCTGGC-3' 5'-GAAGAACTGGAAGCTCTCTGGC-3'
TRAF1 5'-GTGTCGGCTGCTCCTTCAA-3' 5'-CAAACACACGCAGCTTCCC-3'
PDE4C 5'-CAAGTTCAAGCGGATCCTGAAC-3' 5-GCCACCTTGAACACATCAAGTC-3'
GRP58 5'-CATTTTTGGTATCTGCCCTCACA-3' 5-AACTCCTCCTGCATGACAAACTTC-3'
TCF7 5'-GACCGCAACCTGAAGACACA-3' 5-GACCGCCTCTTCTTCTTCCC-3'

EGR1 5'-AGCAGCACCTTCAACCCTCA-3' 5-TCATGCTCACTAGGCCACTGAC-3'
[-actin 5'-GGACATCCGCAAAGACCTGTA-3' 5-ACATCTGCTGGAAGGTGGACA-3’

derstanding the mechanisms of APi.42-induced neuro-
toxicity in AD.

Materials & Methods

Cell culture and treatments

SH-SYS5Y human neuroblastoma cells were obtained
from ATCC and cultured as previously described''. Syn-
thetic APi-42, obtained from CPC Scientific Inc, was dis-
solved in distilled water at a concentration of 1 mM and
stored at —20°C. Previous to the experiments the stock
solution was diluted to the desired concentrations, main-
tained for 3d at 37°C to form aggregation and then add-
ed to the culture medium. SH-SY5Y cells (1 X 10°) were
mocked or treated with 10 uM Af1.42 in Opti-MEM I
medium for 24 h in a 6-well plate, then the cells were
collected for microarray, real-time PCR, PF-2D analysis
and Western blot analysis.

Gene microarray analysis

Total RNA was isolated from human SH-SYS5Y cells
according to manufacturer’s recommendations (Trizol,
Invitrogen). Quantification of RNA was performed with
spectrophotometry (ND-1000; NanoDrop Products,
Thermo Fisher Scientific, Wilmington, DE). Total RNA
integrity was determined with a bioanalyzer (model
2100; Agilent Technologies, Palo Alto, CA) according
to the manufacturer’s protocol. Agilent GeneChip Hu-
man 1A (V2) Oligo Microarray (Agilent Technologies,
USA) was used to analyze the gene expression profile
in SH-SYS5Y cells. This microarray contains 22,575
well-characterized human genes. Preparation of cDNA,
cRNA, hybridization and scanning of microarrays were
performed following manufacturer’s protocols (Agilent
Technologies). The fluorescent labeled cRNA was pre-
pared for oligo microarray hybridization. cRNA from
SH-SYS5Y cells without or with APi.42 treatment was
labled with Cy3- or Cy5-CTP, respectively. Each ex-
periment was repeated twice with a switch of fluores-
cent Cy3/Cy5 labels to exclude dye effects. Washing,
staining, and scanning were performed by using the

Genechip Instrument System (Agilent) as recommend-
ed in the manufacturer’s technical manual. Microarray
scanner system (Agilent, USA) was used for data anal-
ysis. The ratio between CyS5 processed signal and Cy3
processed signal after feature extraction by Feature Ex-
traction software were calculated as log ratio values and
converted to fold change (FC). Those genes with more
than 1.5-fold change in all four comparisons were con-
sidered for additional verification.

Quantitative real-time PCR

Some of the genes identified from microarray exper-
iment were validated by fluorescence real-time quan-
titative RT-PCR. cDNA was generated from the total
RNA samples identical with the ones used for the chip
analysis (Tagman reverse transcription reagents kit).
The primers in Table 1 were designed using Primerex-
press software and synthesized by Invitrogen. [3-actin
was used as a reference gene. PCR amplification was
performed with master mix (TagMan Universal PCR
Master Mix with Bio-rad). All PCR reactions were per-
formed in triplicate. The experiment was performed on
the Opticon 2 (MJ research, USA). The relative quanti-
fication was used to analyze the differential expression
of genes. Gene expression levels were calculated and
presented with 27**“'values.

PF-2D analysis

The cell lysates from Afi4-treated and mock-treatment
cells were obtained by using lysis buffer (6 M urea, 2M
thiourea, 10% glycerol, 50 mM Tris-HCI (pH 7.8-8.2),
2% n-OG, 1 mM protease inhibitor) at room tempera-
ture for 30 min to ensure proper denaturation in three
independent biological replicates. Ultrasonic treatment
20 s each time with a 10 s interval for the lysates on ice
was performed 3 times to avoid nucleotides contami-
nation. The lysates were centrifuged at 18°C at 20,000
X g for 60 min. The supernatants were removed and
stored at —70°C. All buffers and columns were pur-
chased from Beckman Coulter, and the ProteomeLab
PF-2D system (Beckman Coulter) was used for the
entire analysis. Protein concentrations were measured
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by the BCA assay and adjusted to a concentration of 2
mg/mL with first dimension starting buffer.

A high-performance chromatofocusing (HPCF) col-
umn was used to perform the first-dimension chroma-
tofocusing under ambient temperature at a flow rate of
0.2 mL/min. Before each run, the column was equili-
brated with starting buffer (pH 8.5). Twenty minutes
after the sample injection, protein peaks in the elution
buffer (pH 4.0) were monitored by absorbance at 280
nm. The first-dimension fractions were collected into
96-well plates at a pH interval of 0.3.

The second dimension separations were performed us-
ing a Beckman Coulter nonporous reverse phase (NPRP)
column at 55°C. The column was first equilibrated with
solvent A (0.1% (v/v) aqueous trifluoroacetic acid (TFA))
for 8 min before sample injection. Aliquots of 0.2 mL of
each chromatofocusing fraction were resolved for two
minutes and followed by elution with 0-100% gradient
of solvent B (0.08% (v/v) TFA in acetonitrile) for 30 min
and 100% solvent B for 4 min. Re-equilibration was
achieved with 100% solvent A. Proteins fractions were
separated at a flow rate of 0.75 mL/min and monitored
by UV absorbance at 214 nm. The second-dimension
fractions were collected in 96-well plates at a rate of
0.25 min/well using a FC204 fraction collector (Gulson,
France) and stored at —70°C.

During PF-2D operation, protein peaks were ana-
lyzed with 32 Karat software. The proteome profile
from second-dimension chromatographies was import-
ed into ProteoVue and DeltaVue programs for the final
analysis. Fractions with more than 2 or less than 0.5-
fold change in the expression were considered signif-
icant and subjected to the subsequent MALDI-TOF/
TOF analysis.

Protein identification by MALDI-TOF/TOF mass
spectrometry

All fractions from the second dimension were lyoph-
ilized and stored at —70°C before digestion. The frac-
tions were redissolved in 25 mM NH4HCOj3 buffer and
reduced by boiling for 1 min. Proteins were digested
overnight at 37°C with trypsin at a mass ratio of 50 :
1. Tryptic peptides were mixed with 1 pLL of matrix
solution of a-cyano-4-hydroxycinnamic acid (CHCA)
in 50% (v/v) acetonitrile (ACN) and 0.1% (v/v) TFA
in water, spotted to the MALDI plate. The measure-
ments were acquired in positive mode on an ABI 4700
Proteomics Discovery System (Applied Biosystems,
USA). The interpretation of PMF data with S/N above
20 and MS/MS data with S/N above 5 were carried out
with the GPS Explore software 3.6 (Applied Biosyste-
ms, USA) based on MASCOT search engine. Protein
identifications with score greater than 64 or the best

ion score (MS/MS) over 34 were positively assigned.

Western blot analysis

The harvested cells were homogenized with lysis buf-
fer (Beyotime, Jiangsu, China). Protein concentration
was measured with BCA assay. Equal amount of pro-
tein (20 pg) from each sample was boiled for 5 min in
loading buffer (5% mercaptoethanol, 0.05% bromphe-
nol blue, 75 mmol/L Tris-HCI, pH 6.8, 2% SDS, and
10% glycerol). Proteins were resolved by 7.5% SDS-
PAGE gel and transferred to PVDF membranes (Mil-
lipore, MA, USA) using the Wet/Tank Blotting System
(BioRad, CA, USA). After being blocked with 5%
nonfat dried milk in 1 X TBS-T buffer (20 mmol/L Tris-
HCI, pH 7.5, 137 mmol/L NaCl and 0.05% Tween-20)
for 1 h at room temperature, membranes were incubat-
ed with primary antibodies including rabbit anti-H2A,
rabbit anti-eIF5A and rabbit anti-B-actin (Cell Sig-
naling Technology, MA, USA) at a 1: 8000 dilution
in 1 X TBS-T buffer at 4°C overnight. The blots were
washed and incubated with anti-rabbit secondary an-
tibodies (1 : 10000) for 1 h at room temperature. Che-
miluminescent detection was performed using an ECL
Western blotting Detection kit from Amersham Phar-
macia (Buckinghamshire, UK).

Functional enrichment analysis

In the GO analysis, the categories of differentially ex-
pressed genes (DEGs) including cellular component
(CQC), biological process (BP) and molecular function
(MF) terms were analyzed using the Biological Pro-
cesses and Molecular Functions Enrichment Analysis
Database for Annotation, Visualization and Integrated
Discovery (DAVID) (http://david.abcc.nciferf.gov/). P
value <0.05 was regarded as statistically significant dif-
ferences.

Statistical analysis

Data were calculated as the mean £ SEM by Sigma-
plot 9.0 (Systat Software Inc, USA). Statistical signifi-
cances were determined by student’s t-test and shown
as ¥*P<0.05, **P<0.01 and ***P<0.001.

Results

Global transcriptional response to A, 4, stimulation

We previously determined that Ai-42-induced apopto-
sis in human neuroblastma cell line SH-SY5Y*!'. To
further elucidate the molecular mechanism of Afi.4-
induced neurotoxicity, based on prior works in our lab-
oratory, we investigated the effect of APi.4> treatment
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Table 2. APi.4-increased genes.

Gene name

Access number Fold increase

CGI-116 protein (CGI-116)
Laminin, beta 1 (LAMB1)
Muscleblind-like 2 (Drosophila) (MBNL2)

Killer cell lectin-like receptor subfamily B, member 1 (KLRB1)

Phosphodiesterase 8A (PDESA)

SAM pointed domain containing ets transcription factor (SPDEF)
Solute carrier family 39 (metal ion transporter), member 5 (SLC39AS5)

Histone 2, H2ac (HIST2H2AC)

Sperm associated antigen 16

Osteoglycin (osteoinductive factor, mimecan) (OGN)
Hypothetical protein FLJ13639

cDNA FLJ13769 fis, clone PLACE4000222

WD repeat domain 48 (WDR48)

PIF1 5'-to-3' DNA helicase homolog (S. cerevisiae)
RAD54 homolog B (S. cerevisiae) (RAD54B)

cDNA FLJ46355 fis, clone TESTI4049110

Early growth response 1 (EGR1)

KCNH2

C200rf196

Sjogren’s syndrome/scleroderma autoantigen 1 (SSSCA1)
Prefoldin 2 (PFDN2)

Heterogeneous nuclear ribonucleoprotein AO (HNRPAO)
Glucose regulated protein, 58 kDa (GRP58/ERp57)

Kinesin family member C1, mRNA (cDNA clone IMAGE:3506669)

NM_016053 17.38
NM_002291 7.64
NM_144778 495
NM_002258 3.74
NM_002605 3.55
NM_012391 297
AK313188 2.85
NM_003517 2.74
BC067756 2.66
NM_033014 252
NM_024705 242
AKO023831 224
NM_020839 2.17
NM_025049 2.1

NM_012415 2.04
AK128222 1.99
NM_001964 1.85
NM_172056 1.72
NM_152504 1.63
NM_006396 1.6

NM_01239%4 1.57
NM_006805 1.5

NM_005313 1.5

BC000712 1.5

Table 3. APi-42-decreased genes.

Gene name

Access number Fold repression

Rad50-interacting protein 1 (RINT-1)

Solute carrier family 5 (iodide transporter), member 8 (SLC5AS)

Regulating synaptic membrane exocytosis 1 (RIMS1)

Glutamate receptor, ionotropic, N-methyl D-aspartate 2B (GRIN2B)

Transcription factor 7 (T-cell specific, HMG-box) (TCF7)
BRAF35/HDAC2 complex (80 kDa) (BHC80)

TNF receptor-associated factor 1 (TRAF1)
Phosphodiesterase 4C (PDE4C), transcript variant 1
LYGI

SPCX

Class-I MHC-restricted T cell associated molecule (CRTAM)

Adrenomedullin receptor (ADMR/GPR182)

Cysteine and histidine-rich domain (CHORD)-containing, zinc binding protein 1

(CHORDCI)
Nucleotide binding protein-like (NUBPL)
Histone 1, H4i

NM_021930 16.6

NM_145913 4.78
NM_014989 271
NM_000834 2.68
NM_003202 247
NM_016621 2.33
NM_005658 1.94
NM_000923 1.8

NM_174898 1.86
AY168775 1.85
NM_019604 1.84
NM_007264 1.56
NM_012124 1.56
NM_025152 1.56
BC016336 15

for 24 h on gene profile by performing microarray
analysis with Agilent GeneChip Human 1A (V2) Oli-
go Microarray. For these experiments, mRNA samples
isolated from cells exposed to APi.42 were compared
to mRNA isolated from mock-treated cells. Overall,
39 genes showed a 1.5-fold or higher change in ex-
pression (P <0.05). The 24 up-regulated genes and 15
down-regulated genes in APi4-treated cells compared
to mock-treated cells were shown in Table 2 and Table

3 respectively.

Among DEGs, some genes were validated by QPCR
(Figure 1) using cDNA derived from total RNA of
APi-a-treated cells and mock-treated cells. These in-
cluded 2 genes that showed significant up-regulation
by microarray and were confirmed with QPCR (EGR1
and GRP58). 4 genes investigated by QPCR were
GRIN2B, PDE4C, TCF7 and TRAF1, which the mi-
croarray analysis indicated as down-regulated.
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Figure 1. Validation of microarray data by quantitative real-time PCR. (A, B) GRP58 and EGR1 were increased significantly by
APi42 (10 uM) treatment for 24 h respectively. (C-F) TCF7, GRIN2B TRAF1 and PDE4C were decreased significantly by Afi-42
(10 uM) treatment for 24 h respectively. Data are expressed as mean + SEM from three independent experiments. Statistical signifi-

cances were shown as *P <0.05, **P <0.01 and ***P<0.001.

Functional annotation and pathway enrichment

In order to shed light on the processes involved in AP .4
-induced neurotoxicity, enrichment of Gene Ontology
(GO) terms among DEGs were analyzed in DAVID.
Results for GO enrichment analysis are illustrated as
Figure 2. In the CC ontology, we found that the major-
ity of enriched categories were associated with nucleus
(11 genes). In the BP ontology, the enriched categories
comprised items related to DNA duplex unwinding (2

genes), cCAMP catabolic process (2 genes) and beta-cat-
enin-TCF complex assembly (2 genes). The zinc ion
binding (4 genes), 3',5'-cyclic-AMP phosphodiesterase
activity (2 genes) and DNA helicase activity (2 genes)
constitute the MF ontology.

Protein profiling of Ap,.s,-induced neurotoxicity by
PF-2D

We next examined the cell proteome profile of AP.42-
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Figure 2. Go enrichment of DEGs by Af1-4 in cellular component (A), biological process (B) and molecular function ontology (C).

stimulated neurotoxicity. It was hypothesized that such
an examination could provide further insights into the
neurotoxicity of APi42. We used PF-2D system (Beck-
man, USA) to identify differentially expressed pro-
teins associated with -amyloid caused-neurotoxicity
in SH-SYS5Y cells. The first- and second-dimension
separation of proteins based on their isoelectric points
(pI) (Figure 3A) and hydrophobicity (Figure 3B) was
shown in the virtual 2-D gel given by the software Pro-
teoVue. In these experiments, 16 protein fractions were

collected in the second dimension along the 8.5-4.5-
pH gradient using the high performance reverse-phase
chromatography. The 2D-maps from Control sample
and Afi.4-treated sample were compared and peak-
to-peak analysis was performed by DeltaVue software
to identify the differentially expressed proteins. Sev-
enty-two peaks area ratio were beyond 2 including 34
up-regulated peaks and 38 down-regulated peaks and
some peaks samples were selected for MS/MS analy-
sis. A total of 13 proteins were identified by MS/MS
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Figure 3. Chromatographic analysis of Afi.4>-treated and mock-treated cells proteins using ProteomeLab PF 2D. (A) Chromatofo-
cusing of total proteins in a pH gradient. In the chromatogram, the X-axis corresponds to the retention time in the column, the left
Y-axis to UV absorbance and the right Y-axis to the pH. (B) Resolution of ProteomeLab PF-2D in a virtual gel with Delta Vue soft-
ware. Fractions are separated by pH gradient 8.5-4.0 and by hydrophobicity. The Y-axis corresponds to the column retention time in

minutes, the upper X-axis indicates the pH gradients and the lower X-axis corresponds to the fraction number.
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Table 4. Proteins separated by ProteomeLab PF-2D from cell lysates and identified by MALDI-TOF/MS.

Identified protein gi accession # pl/Mw (Da) Score Ratio
Histone H2A .2 gil31979 10.21/ 13907.08 77 283141
Unnamed protein product gil32113 10.11/13614.74 77 28314 1
Histone H2B 2il1568551 10.31/ 13936.17 77 283141
H2B histone family, member A 2i|4504257 10.31/ 13906.14 77 283141
H2B histone family, member C 2i|4504259 10.31/13952.21 77 283141
H2B histone family, member D 2i|4504261 10.31/13922.14 77 28314 1
H2B histone family, member E 2i|4504263 10.31/ 13989.27 77 283141
H2B histone family, member J 2i|4504269 10.31/ 13892.11 77 283141
H2B histone family, member Q 2i|4504277 10.31/13920.17 77 283141
H2B histone family, member B gi|10800138 10.31/13936.17 77 28.314 1
H2B histone family, member F 2i/10800140 10.31/ 13950.19 77 283141
Protein Disulfide-isomerase A6 precursor (PDIA6/ERpS) 2il62510933 4.95/46133.96 88 52861
Eukaryotic translation initiation factor SA (eIF5A) gil4503545 5.07/ 6832.25 80 3229
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Fractin— [ Practin— | @ E—
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i 2 6
4
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: .
0.0 0.0
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H2A/actin ratio
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Figure 4. Detection of H2A and eIF5A by Western blotting
analysis in Control group and A group. (A) The expression of
H2A was increased by Afi.42 (10 uM) treatment for 24 h. (B)
The expression of e[F5A mRNA was decreased by Afi.42 (10
uM) treatment for 24 h. Data are expressed as mean = SEM
from three independent experiments. Statistical significances
were shown as ***P <0.001.

and NCBInr protein database (Table 4) which were in-
volved in biological process: regulation of translation,
chromatin silencing, response to endoplasmic reticu-
lum stress, cell redox homeostasis and apoptosis.

To validate proteins identified by mass spectrometry,
two proteins, H2A and eIF5A were detected by West-
ern blot analysis with specific antibodies. The results
showed that the mean levels of H2A were elevated by
3.8-fold (Figure 4A) and elF5SA were reduced by 2.5-
fold (Figure 4B) in the Afi.4>-treated cells compared to
those in Control cells. Trends of the changes were sim-
ilar to those observed in the proteomic data.

Discussion

The human A.4> peptide has been widely used as a
valuable tool in vitro to analyze the pathogenic mech-

anisms that mediate AD. The neurotoxicity by APi-42
is under active investigation, which may occur in neu-
rons of AD brain. Our results provided intriguing in-
formation on the molecular mechanism of AB-induced
neurotoxicity.

In the present study, we investigated the global pro-
tein and gene profiles of SH-SYSY cell line with APi42
treatment using a PF-2D and microarray analysis, which
enabled us to identify 52 differentially expressed pro-
teins and genes between the A4 treated cell lines
and control cell lines. Our lists of differentially regu-
lated genes and differentially regulated proteins do not
directly overlap except H2A protein. This is not only
an issue for the current report but has been one for
others who wish to complement microarray and pro-
teomic studies'?. It will be expected that more proteins
identified by mass spectrometry, better parallel between
changed genes and proteins. The differential expres-
sions of proteins and genes were functionally related
to biological process of cAMP catabolic process, reg-
ulation of immune response, mRNA processing, DNA
repair, regulation of apoptotic process, protein folding,
cell redox homeostasis, response to endoplasmic reti-
culum stress, regulation of ER to Golgi vesicle-medi-
ated transport, synaptic vesicle exocytosis, learning or
memory and others. The extensive protein and gene
profile indicated that multiple cellular processes might
be associated with Afi.42-induced neurotoxicity.

Apoptosis is one of the fundamental mechanisms of
cell death that occur during AB-caused neurotoxicity.
As expected for the APi.4-treated cells, many of the
apoptosis-related genes were differentially affected. It
has been found that Early growth response 1 (Egrl) is
elevated in AD brain'®. Egrl is a zinc finger transcrip-
tion factor which regulates the transcription of a num-
ber of genes involved in apoptosis, immune response,
cell proliferation, cell growth, and signal transduction.
We also observed Ai-s-induced apoptosis being ac-
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companied by Egrl induction.

Although the eukaryotic initiation factor 5A (eIF5A)
was identified as the only known protein to contain the
unusual amino acid, hypusine and originally proposed to
stimulate protein synthesis initiation by transient bind-
ing to ribosomes, its actual function remains elusive.
elF5A mediates diverse intracellular functions such as
cell growth including translation initiation, translation
elongation', and the cell cycle' and cell death (apop-
tosis). Recent studies have also demonstrated a role for
elF5A as a regulator of apoptosis'®. A very interesting
result of our preliminary proteomic study is the iden-
tification of the decreased levels of eIF5A in Afi.4-
induced apoptosis, which indicates the involvement of
elF5 in the pathological mechanism of AD.

Consistent with previous reports'', there was also a
decrease in the expression of tumour necrosis factor re-
ceptor-associated factor 1 (TRAF1) in microarray stud-
ies after AP treatment. TRAF1 exerts its diverse bio-
logical functions by associating with multiple receptors,
kinases, adaptors and regulator proteins'’. However,
the role of TRAF1 in apoptosis remains undetermined.
It have been shown that TRAF1 exerts both pro-apop-
totic'® and anti-apoptotic'® effect during various types
of stimuli. Our results may indicate the involvement of
TRAF]1 in APi-42-induced apoptosis.

The dysfunction of the endoplasmic reticulum (ER)
is involved in the pathogenesis of neurodegenerative
diseases including AD*’. Many conditions can lead
to alteration of the protein folding status in the ER,
resulting in a condition known as ER stress. Knowl-
edge regarding induction of ER stress in AD remains
rudimentary. It has been proposed that A} could be a
potential trigger of ER stress in AD*'. When the ER
homeostasis cannot be restored, a pro-apoptotic re-
sponse is induced. To tackle with ER stress, the un-
folded protein response (UPR) is activated as an adap-
tive reaction to regulate the expression of hundreds of
genes. Protein disulfide isomerases (PDIs) is induced
under pathological conditions in the nervous system as
a group of well-recognized UPR-target genes. PDIs are
being explored as interesting therapeutic targets and
biomarkers for multiple neurodegenerative diseases
related to protein misfolding and ER stress. ERp57 is
one of the main studied members of PDI family in the
nervous system and could catalyze the disulfide bonds
formation of glycoproteins through the physical associ-
ation with the endoplasmic reticulum (ER) chaperones
calnexin and calreticulin. ERp57 has been found to
be markedly up-regulated in the temporal lobes from
patients affected with Alzheimer’s disease??, which is
believed to be correlated with the formation of neuro-
fibrillary tangles. Another report identifies ERp57 as
a pro-apoptotic regulator in models of Huntington’s

disease and AD®. It’s interesting that ERp57, and an-
other member of the PDI family, PDIAG6, also known
as ERpS5, were observed with induction by A in mi-
croglia®®. In our study, microarray and PF-2D analysis
showed that the expression levels of ERp57 and ERpS
were also increased in SH-SYSY cells after APi.4 treat-
ment. Thus, we hypothesize that APi-.42 induces ER
stress pathways involving ERp57 and ERp5, which
may have relevance for neurodegenerative processes
and neuronal death.

Cyclic AMP (cAMP) is a second messenger that reg-
ulates many diverse cellular functions, including gene
transcription, cell migration, mitochondrial homeosta-
sis, cell proliferation and cell death®. cAMP is syn-
thesized by adenylyl cyclases (AC) and degraded by
a single superfamily of hydrolases, the PDEs. Among
the large PDE families, only PDE4, PDE7 and PDES
are cAMP-specific. The imbalance of cAMP has been
suggested to play a role in the etiology of AD*®. More-
over, the alterations in expression of cAMP-specific
PDEs mRNA was observed in AD brains?’. Our data
showed an increase in PDE8A and a decrease in PDE4C
after APi42 treatment. This observation suggests that
there are possible different roles for PDESA/PDEAC in
AP 142 neurotoxicity.

Conclusion

These findings emphasize the potential role of Egrl,
EIF5A, TRAF1, ERpS, ERp57, PDE8A and PDE4C
in mediating APB-induced neuronal apoptosis. In the
future, new experiments should be performed in order
to delineate the relative contribution of these altered
genes and protein in the neuropathological mechanism
of AD, offering novel therapeutic targets for AD treat-
ment.
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