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Abstract

The deposition of Amyloid B peptide plaques is a pathological hallmark of Alzheimer’s
disease (AD). The AP (25-35) peptide is regarded as the toxic fragment of full-length Ap
(1-42). The mechanism of its toxicity is not completely understood, along with its
contribution to AD pathological processes. The aim of this study was to investigate the
effect of the neurotoxic AP (25-35) peptide on the expression of the neuroprotective factors
Pinl, Sirtuinl, and Bdnf in human neuroblastoma cells.

Levels of Pinl, Sirtuin 1, and Bdnf were compared by real-time PCR and Western blotting
in SH-SY5Y cells treated with AP (25-35) or administration vehicle. The level of Pinl
gene and protein expression was significantly decreased in cells exposed to 25 uM AP (25-
35) compared to vehicle-treated controls. Similarly, Sirtuinl expression was significantly
reduced by AP (25-35) exposure. In contrast, both Bdnf mMRNA and protein levels were
significantly increased by AP (25-35) treatment, suggesting the activation of a
compensatory response to the insult. Both Pinl and Sirtuin 1 exert a protective role by
reducing the probability of plaque deposition, since they promote amyloid precursor protein
processing through non-amyloidogenic pathways. The present results show that Ap (25-35)
peptide reduced the production of these neuroprotective proteins, thus further increasing A

generation.
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1. Introduction

The pathological hallmarks of Alzheimer’s disease (AD) are abundant extracellular senile
plaques of amyloid B (AB) peptides in cerebral blood vessels and brain parenchyma, along
with intracellular neurofibrillary tangles of aggregated phosphorylated tau protein (Selkoe,
2011). AP peptides derived from the proteolytic cleavage of the large transmembrane
polypeptide amyloid precursor protein (APP) are able to form B-sheets structures and
fibrillary aggregates (Selkoe, 2011). The accumulation of AP plaques in the brain is
considered a central event in the etiology of AD, but it is still debated if the plaques
themselves represent a primary cause of AD or if they are a by-product of underlying
pathological processes (Drachman, 2014). The AP (25-35) peptide is regarded as the
biologically active fragment of full-length AB (1-42), since it is the shortest AP peptide
retaining full toxicity (Millucci et al., 2010). This peptide displays rapid aggregation
properties forming stable fibrils and it is neurotoxic immediately upon dissolution.
Moreover, immunohistochemical analyses demonstrated the presence of the Ap (25-35)
peptide in AD brains, suggesting that soluble AP (1-40) is released from plaques and
converted to the toxic AB (25-35) fragment (Millucci et al., 2010).

It is conceivable that the modulation of neuroprotective pathways may contribute to Ap
neurotoxicity by suppressing basal restorative responses. Among neuroprotective proteins,
the peptidyl-prolyl cis/trans isomerase Pinl plays a role in the alteration of protein
phosphorylation state by regulating protein conformation. Pinl has been implicated in the
pathophysiology of AD through a dual mechanism. Since Pinl binds to phosphorylated tau
and promotes its dephosphorylation, reduced protein amount is associated to increased

accumulation of phosphorylated tau and formation of neurofibrillary tangles. In addition,



Pinl catalyses the isomerization of APP, favoring its processing in the direction of non-
amyloidogenic pathways and reducing Ap production (Driver et al., 2014).

Another protein exerting a protective activity against neurodegeneration by reducing APP
amyloidogenic processing and AB deposition is the histone deacetylase Sirtuin 1 (Sirtl)
(Bonda et al., 2011). Sirtl beneficial effects are mediated through an increased transcription
of ADAM10, which activates the non-amyloidogenic a secretase pathway and the notch
neurogenetic pathway (Bonda et al., 2011). Moreover, Sirtl exerts a further neuroprotective
activity by promoting the deacetylation and subsequent degradation of tau pathogenic
forms (Min et al., 2010).

Growing evidence suggests that reduced brain-derived neurotrophic factor (Bdnf)
expression in brain is a common feature of AD and other cognitive dysfunctions (Tapia-
Arancibia et al., 2008) and restore of its function has been suggested as a possible
therapeutic approach in neurodegenerative diseases (Lu et al., 2013). Neuroprotective
effects against A toxicity exerted by Bdnf have been described in cellular and animal
models (Tapia-Arancibia et al., 2008; F. Zhang et al., 2012). The neuroprotective activity
against A toxicity involves several components, including the shifting of APP processing
towards the a-secretase pathway (Holback et al., 2005) and the rescue of AB-induced
inhibition of hippocampal long-term potentiation by enhanced CaMKI|I
autophosphorylation (Zeng et al., 2010). Moreover, available data support the notion that
AP peptides are able to interfere with Bdnf signal transduction pathways involved in
neuronal survival and synaptic plasticity, hampering the transmission of neurotrophic

responses (Tong et al., 2004).



The aim of the present study was to investigate the effect of the neurotoxic Ap (25-35)
peptide on the expression of the neuroprotective factors Pinl, Sirtl, and Bdnf in human
neuroblastoma cells to help elucidating their role in Ap toxicity.

2. Materials and Methods

2.1 Cell culture and treatments

Human neuroblastoma SH-SY5Y cells, purchased from ICLC-IST (Genoa, ltaly), were
cultured in Dulbecco's modified Eagle medium, supplemented with 10% foetal bovine
serum, 100 U/ml penicillin, 100 pg/ml streptomycin, and 2 mM glutamine (Lonza, Italy) at
37°C in a humidified atmosphere containing 5% CO,. Experiments were performed at 80%
confluence.

AP (25-35) peptide (Sigma-Aldrich, St. Louis, MO, USA) was dissolved at 1 mM in sterile
distilled water. The unaggregated peptide was incubated at 37°C for 72h, and gently mixed
to promote aggregation (Millucci et al., 2009). Treatments were performed with a working
solution at 25 uM in cell medium supplemented with 2% serum. The dose was selected
based on previous studies reporting toxic effects in neuroblastoma cells and in primary
neurons (Croce et al., 2011; Resende et al., 2007; Sultana et al., 2006; Wang et al., 2014;
Xietal., 2012)

2.2 MTT cell viability assay

Cell viability was assessed with a modified MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, Sigma-Aldrich) assay. Briefly, cells were plated in 24-well
plates at 3 x 10* cells/. After 24h, the medium was removed; the cells were rinsed with
phosphate-buffered saline (PBS) and treated with AB (25-35) for 5, 24 or 48 h. At the end-

point cells were rinsed with PBS and treated with the MTT solution (0.5 mg/mL in PBS) in



medium without phenol red and serum. The cells were incubated for 3h in the dark at 37°C
and 5% CO,. The supernatant was removed and dimethyl sulfoxide : ethanol (4:1) was
added. Absorbance at 590 nm was read in a microplate spectrophotometer (GENios Tecan).
Results were expressed as percentage of vehicle-treated controls.

2.3 Real-time RT-PCR

After 5, 24, or 48h exposure to 25 uM A (25-35), the medium was removed and cells
were washed twice with ice-cold PBS. RNA extraction, cDNA synthesis, and real-time
PCR were performed as previously reported (Lattanzio et al., 2014). All data were
normalized to the endogenous reference gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) expression. The following primers were used for gRT-PCR amplifications:
Pinl: forward: 5 GACGAGGAGAAGCTGCCGCC 3’; reverse: 5’
CAGGCTCCCCCTGCCCGTTT 3’; Sirtl: forward: 5 GCGATTGGGTACCGAGATAA
3’; reverse: 5° GTTCGAGGATCTGTGCCAAT 3’; Bdnf: forward: 5°
AGAAGGCAGCCCTAGGAAAC 3’ reverse: 5> GCATCGATGTCGAAAAACCT 3’;
GAPDH: forward: 5 ATTCCACCCATGGCAAATTC 3’; reverse: 5’
TGGGATTTCCATTGATGACAAG 3.

2.4 Western blot analysis

After AB (25-35) treatments, cells were washed twice with ice-cold PBS, harvested, and
centrifuged at 4°C (2000g 5 min). Cells were lysed on ice in 50 mM Tris-HCI pH 8.0, 150
mM NaCl, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate
with a protease and phosphatase inhibitor cocktail (Sigma-Aldrich), incubated 30 min on
ice and centrifuged at 4°C (13600xg, 10 min). Lysates were stored at -80°C. Protein

concentration was determined using the BCA protein assay kit (Thermo Scientific, Milan,



Italy). 60 g protein samples were separated in 4-20% Precise Tris-Glycine Gels (Thermo
Scientific, Milan, Italy) and immunoblotting experiments were carried out as previously
reported (Lattanzio et al., 2014). The following antibody concentrations were used:
polyclonal anti-Pinl (Millipore, USA): 1:1000; polyclonal anti-Sirtl (Millipore, USA):
1:1000; polyclonal anti-BDNF (Santa Cruz, USA): 1:200; monoclonal anti-GAPDH
(Millipore, USA): 1:1000; horseradish peroxidase-linked secondary antibodies (Amersham
Biosciences, Little Chalfont, UK): 1:2000. Representative Western blot images are shown
in Supplementary Fig. S1.

Optical density values were normalized to GAPDH levels. Results were expressed as
percentage of vehicle-treated controls.

2.5 Statistical analysis

Data were analyzed by two-way ANOVA with time and treatment as factors, followed by
LSD post-hoc tests with InVivoStat software (Clark et al., 2012). Data are reported as the
mean values + SEM of at least three independent experiments. A value of p<0.05 was
considered statistically significant.

3. Results

The exposure of SH-SY5Y neuroblastoma cells to 25 uM AP (25-35) induced a significant
decrease of the viability in a time-dependent manner: at 5h: 88.05 £ 2.12 vs. control 100 +
1.52, p<0.0001; at 24h: 81.27 + 2.44 vs. 100 = 1.92, p<0.0001; at 48h: 79.80 + 1.98 vs. 100
+2.54.

Pinl gene expression was significantly decreased in cells exposed to 25 uM AP (25-35) for
5 and 24h compared to vehicle-treated controls (Fig. 1A) (at 5h: 0.80 + 0.04 vs. control

1.00 £ 0.02, p<0.001; at 24h: 0.79 £ 0.06 vs. control 1.00 £ 0.03, p<0.01). No changes of



gene expression were observed after Ap (25-35) exposure for 48h (Fig. 1A). Similarly,
Pinl protein levels were significantly decreased in cells exposed to AB (25-35) for 5h
(81.36 + 3.49 vs. control 100 + 4.67, p<0.01, Fig. 1B) and 48h (85.51 + 1.46 vs. control
100 + 2.85, Fig. 1B).

Sirtl gene expression was significantly decreased in cells exposed to 25 uM AP (25-35)
for 5h (0.78 £ 0.07 vs. control 1.00 + 0.04, p<0.05) and 24h (0.74 £ 0.09 vs. control 1.00 +
0.07, p<0.05) (Fig. 2A). No gene expression modifications were observed at 48h (Fig. 2A).
Sirtl protein levels did not change in cells exposed to AP (25-35) for 5 or 24h (Fig. 2B).
Interestingly, Sirtl protein significantly decreased at 48h (73.82 + 3.47 vs. control 100 +
2.92, p<0.05, Fig. 2B).

Bdnf gene expression did not change after 25 uM Ap (25-35) exposure for 5h, whereas a
significant increase was detected at 24h (1.76 £ 0.15 vs. control 1.00 + 0.14, p<0.001) and
at 48h (1.52 £ 0.20 vs. control 1.00 + 0.13, p<0.05) (Fig. 3A). A parallel increase of Bdnf
protein levels was detected at all time-points: at 5h: 121.55 + 7.67 vs. control 100 + 2.58,
p<0.01; at 2h: 115.72 £ 5.03 vs. 100 £ 4.23, p<0.05; at 24h: 129.40 + 2.71 vs. 100 £ 5.75,
p<0.001, Fig. 3B).

4. Discussion

The objective of the present study was to investigate the effects of the neurotoxic peptide
AP (25-35) on the expression of neuroprotective proteins that are putatively involved in the
mechanism of Ap toxicity.

The analysis of the in vitro neurotoxicity of 25 uM AP (25-35) aggregates showed a time-
dependent reduction of cell viability, reaching a maximum mortality rate of 20%. These

results demonstrated that a significant neurotoxicity was induced, allowing the



investigation of the associated mechanisms. Nevertheless, the level of neurotoxicity was
not so extreme as to produce a broad damage to cellular processes that would hamper the
investigation of specific mechanisms.

The present study showed that in SH-SY5Y cells the exposure to Ap (25-35) induced a
significant decrease of Pinl gene expression, paralleled by a decrease of Pinl protein
levels. Compelling evidence supports a protective role for Pinl in preventing the formation
of neurofibrillary tangles by increased tau dephosphorylation. Moreover, Pinl binds to
phosphorylated APP, facilitating its processing in non-amyloidogenic pathways and thus
reducing the probability of plaque deposition (Balastik et al., 2007; Driver et al., 2014).
This protective role is validated by the observation that Pinl deletion causes premature
aging and multiple dysfunctions related to the inability to correct protein misfolding (Liou
et al., 2003). In human brain studies, contrasting findings contribute to the notion of a
crucial role of Pinl in AD, although suggesting that further investigations are required to
completely elucidate the mechanism. Indeed, in AD hippocampus, Pinl down-regulation
and increased oxidation of has been reported (Sultana et al., 2006), in agreement with a
previously reported inverse association between tangles and Pinl expression (Liou et al.,
2003). In contrast, Dakson et al. reported that Pinl inclusions were enriched in cortical and
hippocampal regions of AD patients (Dakson et al., 2011). Our findings provide a
contribution to the clarification of Pinl role in AD showing that when the generation of
toxic AP peptides has started, a down-regulation of this protective protein is induced.
Therefore, it is likely that a further shift is produced in the direction of neuronal damage
due to increased phosphorylated tau and AP peptides synthesis. The present results thus

suggest that a positive feedback mechanism can be started involving Pinl expression.



Moreover, this study showed that A (25-35) exposure induced a significant down-
regulation of Sirtl gene expression at 5 and 24 hours. A parallel reduction of Sirtl protein
levels was observed at a later time-point (48h). Available data suggest that decreased Sirtl
levels are brought about by AB (25-35) treatments, at least in in vitro models. Indeed, in
line with the present findings, Feng et al. (Feng et al., 2013) revealed that Ap (25-35)
decreased Sirtl mRNA and protein levels in PC12 cells. Corresponding results were also
obtained in primary cultures of rat cortical neurons (Sun et al., 2014). Compelling evidence
supports the notion that Sirtl exerts protective action against plaque formation, pathology
and cognitive decline in AD models by directing APP processing toward the a-Secretase
pathway, thus reducing the accumulation of the toxic AP species resulting from p-secretase
activity (Bonda et al., 2011). Interestingly, the present results combine with the findings
obtained by Feng et al. (Feng et al., 2013) and Sun et al. (Sun et al., 2014) to propose a
model in which the generation of AP peptides causes a reduction in Sirtl levels which in
turn further promotes the synthesis of neurotoxic A products, similarly to what observed
with AB-induced Pinl down-regulation.

We also report that the exposure of SH-SY5Y cells to AB (25-35) induced a significant
increase of Bdnf mRNA expression at 24 and 48h, which was paralleled by increased
protein levels. The present data are in agreement with a previous in vitro study showing
increased Bdnf expression in astrocytes exposed to Ap (1-42) (Kimura et al., 2006).
However, other studies observed a decrease of Bdnf levels induced by AP peptides in
differentiated SH-SY5Y and primary neuron cultures (Croce et al., 2013, 2011; Garzon and
Fahnestock, 2007; Wang et al., 2009; Xiao et al., 2010; R. Zhang et al., 2012). Moreover,

the time-course analysis of the effects of Ap (25-35) treatments on Bdnf gene expression
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both in rat cultured cortical neurons and in differentiated SH-SYS5Y cells showed a dual
response, with an increase at shorter end-points (3-5 h) followed by decrease at longer
times (24 or 48 h) (Aliaga et al., 2010; R. Zhang et al., 2012). In addition, in vivo
intracranial administration of AP (25-35) increased Bdnf gene expression in rat
hippocampus (Tang et al., 2000). These data suggest that AP (25-35) may trigger distinct
effects on Bdnf expression in different systems and conditions. We can speculate that the
increase of Bdnf levels might act as a compensatory response against amyloid toxicity.

5. Conclusion

The molecular mechanisms underlying the pathogenesis of AD are largely unknown,
probably due to its multifactorial and complex etiology. Among the different factors that
contribute to AD pathogenesis, genetic evidence and experimental data suggest a relevant
role of AP peptides toxicity. The present study revealed that Pinl, Sirtl, and Bdnf gene and
protein expressions are differently modulated by AP (25-35) exposure, highlighting their
involvement in the molecular mechanisms of amyloid toxicity.

Acknowledgements

Financial support for this work was provided by grants from the University of Bologna
(RFO12 to SC and RFO13 to PR). The funding source had no involvement in study design;
in the collection, analysis and interpretation of data; in the writing of the report; and in the
decision to submit the article for publication.

Conflicts of interest: none.

11



References

Aliaga, E., Silhol, M., Bonneau, N., Maurice, T., Arancibia, S., Tapia-Arancibia, L., 2010.
Dual response of BDNF to sublethal concentrations of beta-amyloid peptides in

cultured cortical neurons. Neurobiol. Dis. 37, 208-17. doi:10.1016/j.nbd.2009.10.004

Balastik, M., Lim, J., Pastorino, L., Lu, K.P., 2007. Pinl in Alzheimer’s disease: multiple
substrates, one regulatory mechanism? Biochim. Biophys. Acta 1772, 422-9.

doi:10.1016/j.bbadis.2007.01.006

Bonda, D.J., Lee, H.-G., Camins, A., Pallas, M., Casadesus, G., Smith, M. a, Zhu, X., 2011.
The sirtuin pathway in ageing and Alzheimer disease: mechanistic and therapeutic

considerations. Lancet. Neurol. 10, 275-9. doi:10.1016/S1474-4422(11)70013-8

Clark, R.A., Shoaib, M., Hewitt, K.N., Stanford, S.C., Bate, S.T., 2012. A comparison of
InVivoStat with other statistical software packages for analysis of data generated from
animal experiments. J. Psychopharmacol. 26, 1136—42.

doi:10.1177/0269881111420313

Croce, N., Dinallo, V., Ricci, V., Federici, G., Caltagirone, C., Bernardini, S., Angelucci,
F., 2011. Neuroprotective effect of neuropeptide Y against -amyloid 25-35 toxicity in
SH-SY5Y neuroblastoma cells is associated with increased neurotrophin production.

Neurodegener. Dis. 8, 300-9. doi:10.1159/000323468

Croce, N., Gelfo, F., Ciotti, M.T., Federici, G., Caltagirone, C., Bernardini, S., Angelucci,
F., 2013. NPY modulates miR-30a-5p and BDNF in opposite direction in an in vitro
model of Alzheimer disease: a possible role in neuroprotection? Mol. Cell. Biochem.

376, 189-95. do0i:10.1007/s11010-013-1567-0

12



Dakson, A., Yokota, O., Esiri, M., Bigio, E.H., Horan, M., Pendleton, N., Richardson, A.,
Neary, D., Snowden, J.S., Robinson, A., Davidson, Y.S., Mann, D.M.A., 2011.
Granular expression of prolyl-peptidyl isomerase PIN1 is a constant and specific
feature of Alzheimer’s disease pathology and is independent of tau, Ap and TDP-43

pathology. Acta Neuropathol. 121, 635-49. doi:10.1007/s00401-011-0798-y

Drachman, D. a, 2014. The amyloid hypothesis, time to move on: Amyloid is the
downstream result, not cause, of Alzheimer’s disease. Alzheimers. Dement. 10, 372—

80. doi:10.1016/j.jalz.2013.11.003

Driver, J.A., Zhou, X.Z., Lu, K.P., 2014. Regulation of protein conformation by Pinl offers
novel disease mechanisms and therapeutic approaches in Alzheimer’s disease. Discov.

Med. 17, 93-9.

Feng, X., Liang, N., Zhu, D., Gao, Q., Peng, L., Dong, H., Yue, Q., Liu, H., Bao, L.,
Zhang, J., Hao, J., Gao, Y., Yu, X,, Sun, J., 2013. Resveratrol inhibits f-amyloid-
induced neuronal apoptosis through regulation of SIRT1-ROCKT1 signaling pathway.

PLoS One 8, €59888. doi:10.1371/journal.pone.0059888

Garzon, D.J., Fahnestock, M., 2007. Oligomeric amyloid decreases basal levels of brain-
derived neurotrophic factor (BDNF) mRNA via specific downregulation of BDNF
transcripts IV and V in differentiated human neuroblastoma cells. J. Neurosci. 27,

2628-35. d0i:10.1523/JNEUROSCI.5053-06.2007

Holback, S., Adlerz, L., Iverfeldt, K., 2005. Increased processing of APLP2 and APP with
concomitant formation of APP intracellular domains in BDNF and retinoic acid-

differentiated human neuroblastoma cells. J. Neurochem. 95, 1059-68.

13



doi:10.1111/j.1471-4159.2005.03440.x

Kimura, N., Takahashi, M., Tashiro, T., Terao, K., 2006. Amyloid beta up-regulates brain-
derived neurotrophic factor production from astrocytes: rescue from amyloid beta-

related neuritic degeneration. J. Neurosci. Res. 84, 782-9. doi:10.1002/jnr.20984

Lattanzio, F., Carboni, L., Carretta, D., Rimondini, R., Candeletti, S., Romualdi, P., 2014.
Human apolipoprotein E4 modulates the expression of Pinl, Sirtuin 1, and Presenilin
1 in brain regions of targeted replacement apoE mice. Neuroscience 256, 360-9.

doi:10.1016/j.neuroscience.2013.10.017

Liou, Y., Sun, A., Ryo, A., Zhou, X.Z., Yu, Z., Huang, H., Uchida, T., Bronson, R., Bing,
G., Li, X., Hunter, T., Lu, K.P., 2003. Role of the prolyl isomerase Pinl in protecting
against age-dependent neurodegeneration. Nature 424, 556-61.

doi:10.1038/nature01832

Lu, B., Nagappan, G., Guan, X., Nathan, P.J., Wren, P., 2013. BDNF-based synaptic repair
as a disease-modifying strategy for neurodegenerative diseases. Nat. Rev. Neurosci.

14, 401-16. doi:10.1038/nrn3505

Millucci, L., Ghezzi, L., Bernardini, G., Santucci, A., 2010. Conformations and biological
activities of amyloid beta peptide 25-35. Curr. Protein Pept. Sci. 11, 54-67.

doi:10.2174/1389209197511882037

Millucci, L., Raggiaschi, R., Franceschini, D., Terstappen, G., Santucci, A., 2009. Rapid
aggregation and assembly in aqueous solution of A beta (25-35) peptide. J. Biosci. 34,

293-303.

Min, S.-W., Cho, S.-H., Zhou, Y., Schroeder, S., Haroutunian, V., Seeley, W.W., Huang,

14



E.J., Shen, Y., Masliah, E., Mukherjee, C., Meyers, D., Cole, P. a, Ott, M., Gan, L.,
2010. Acetylation of tau inhibits its degradation and contributes to tauopathy. Neuron

67, 953-66. doi:10.1016/j.neuron.2010.08.044

Resende, R., Pereira, C., Agostinho, P., Vieira, A.P., Malva, J.O., Oliveira, C.R., 2007.
Susceptibility of hippocampal neurons to AB peptide toxicity is associated with
perturbation of Ca2+ homeostasis. Brain Res. 1143, 11-21.

doi:10.1016/j.brainres.2007.01.071

Selkoe, D.J., 2011. Alzheimer’s disease. Cold Spring Harb. Perspect. Biol. 3.

doi:10.1101/cshperspect.a004457

Sultana, R., Boyd-Kimball, D., Poon, H.F., Cai, J., Pierce, W.M., Klein, J.B., Markesbery,
W.R., Zhou, X.Z., Lu, K.P., Butterfield, D.A., 2006. Oxidative modification and
down-regulation of Pinl in Alzheimer’s disease hippocampus: A redox proteomics

analysis. Neurobiol. Aging 27, 918-25. doi:10.1016/j.neurobiolaging.2005.05.005

Sun, Q., Jia, N., Wang, W., Jin, H., Xu, J., Hu, H., 2014. Activation of SIRT1 by curcumin
blocks the neurotoxicity of amyloid-p25-35 in rat cortical neurons. Biochem. Biophys.

Res. Commun. 448, 89-94. doi:10.1016/j.bbrc.2014.04.066

Tang, Y., Yamada, K., Kanou, Y., Miyazaki, T., Xiong, X., Kambe, F., Murata, Y., Seo,
H., Nabeshima, T., 2000. Spatiotemporal expression of BDNF in the hippocampus
induced by the continuous intracerebroventricular infusion of beta-amyloid in rats.

Brain Res. Mol. Brain Res. 80, 188-97.

Tapia-Arancibia, L., Aliaga, E., Silhol, M., Arancibia, S., 2008. New insights into brain

BDNF function in normal aging and Alzheimer disease. Brain Res. Rev. 59, 201-20.

15



doi:10.1016/j.brainresrev.2008.07.007

Tong, L., Balazs, R., Thornton, P.L., Cotman, C.W., 2004. Beta-amyloid peptide at
sublethal concentrations downregulates brain-derived neurotrophic factor functions in
cultured cortical neurons. J. Neurosci. 24, 6799-809. doi:10.1523/JNEUROSCI.5463-

03.2004

Wang, K., Zhu, L., Zhu, X., Zhang, K., Huang, B., Zhang, J., Zhang, Y., Zhu, L., Zhou, B.,
Zhou, F., 2014. Protective effect of paeoniflorin on AB25-35-induced SH-SY5Y cell
injury by preventing mitochondrial dysfunction. Cell. Mol. Neurobiol. 34, 227-34.

d0i:10.1007/s10571-013-0006-9

Wang, Z., Liu, Q., Zhang, R., Liu, S., Xia, Z., Hu, Y., 2009. Catalpol ameliorates beta
amyloid-induced degeneration of cholinergic neurons by elevating brain-derived
neurotrophic factors. Neuroscience 163, 1363-72.

doi:10.1016/j.neuroscience.2009.07.041

Xi, F., Sang, F., Zhou, C., Ling, Y., 2012. Protective effects of Lingguizhugan decoction on
amyloid-beta peptide (25-35)-induced cell injury: Anti-inflammatory effects. Neural

Regen. Res. 7, 2867-73. doi:10.3969/j.issn.1673-5374.2012.36.003

Xiao, Q., Wang, C., Li, J., Hou, Q., Li, J., Ma, J., Wang, W., Wang, Z., 2010. Ginkgolide B
protects hippocampal neurons from apoptosis induced by beta-amyloid 25-35 partly
via up-regulation of brain-derived neurotrophic factor. Eur. J. Pharmacol. 647, 48-54.

doi:10.1016/j.ejphar.2010.08.002

Zeng, Y., Zhao, D., Xie, C.-W., 2010. Neurotrophins enhance CaMKII activity and rescue

amyloid-p-induced deficits in hippocampal synaptic plasticity. J. Alzheimers. Dis. 21,

16



823-31. doi:10.3233/JAD-2010-100264

Zhang, F., Kang, Z., Li, W., Xiao, Z., Zhou, X., 2012. Roles of brain-derived neurotrophic
factor/tropomyosin-related kinase B (BDNF/TrkB) signalling in Alzheimer’s disease.

J. Clin. Neurosci. 19, 946-9. doi:10.1016/j.jocn.2011.12.022

Zhang, R., Wang, Z., Howson, P. a, Xia, Z., Zhou, S., Wu, E., Hu, Y., 2012. Smilagenin
attenuates beta amyloid (25-35)-induced degeneration of neuronal cells via stimulating
the gene expression of brain-derived neurotrophic factor. Neuroscience 210, 275-85.

doi:10.1016/j.neuroscience.2012.03.017

17



Figure legends
Figure 1: A: Pin1 mRNA expression after 25 uM AP (25-35) treatment for 5, 24, or 48h.

2 PPCtysalues normalized

Gene expression was measured by real-time PCR. Data represent
to GAPDH levels. Data are expressed as mean £ SEM of controls of three independent
experiments. **p<0.01; ***p<0.001. B: Pinl protein levels. Protein levels were evaluated
by Western blot analysis. Data normalized to GAPDH levels are expressed as percentage
of controls (mean + SEM) of three independent experiments. *p<0.05; ***p<0.001.
Figure 2: A: Sirtl mRNA expression after 25 uM AP (25-35) treatment for 5, 24, or 48h.

2 PPCtysalues normalized

Gene expression was measured by real-time PCR. Data represent
to GAPDH levels. Data are expressed as mean £ SEM of controls of three independent
experiments. *p<0.05. B: Sirtl protein levels . Protein levels were evaluated by Western
blot analysis. Data normalized to GAPDH levels are expressed as percentage of controls
(mean + SEM) of three independent experiments. *p<0.05.

Figure 3: A: Bdnf mRNA expression after 25 uM AP (25-35) treatment for 5, 24, or 48h.

2 PPCtyalues normalized

Gene expression was measured by real-time PCR. Data represent
to GAPDH levels. Data are expressed as mean £ SEM of controls of three independent
experiments. *p<0.05; ***p<0.001. Bdnf protein levels. Protein levels were evaluated by
Western blot analysis. A: Data normalized to GAPDH levels are expressed as percentage

of controls (mean £ SEM) of three independent experiments. *p<0.05; **p<0.01;

***p<0.001.
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Fig. 2
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Fig. 3
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