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Abstract

We recently found that SAPPa decreases AP generation by directly associating with -site amyloid
precursor protein (APP) converting enzyme 1 (BACEL), thereby modulating APP processing.
Because inhibition of BACEL decreases GSK3p-mediated Alzheimer’s disease (AD)-like tau
phosphorylation in AD patient-derived neurons, we determined whether sSAPPq also reduces
GSK3p-mediated tau phosphorylation. We initially found increased levels of inhibitory
phosphorylation of GSK3p in primary neurons from sAPPa over-expressing mice. Further,
recombinant human sAPPa evoked the same phenomenon in SH-SY5Y cells. Further, in SH-
SY5Y cells overexpressing BACEL, and HeLa cells overexpressing human tau, sSAPPa reduced
GSK3p activity and tau phosphorylation. Importantly, the reductions in GSK3p activity and tau
phosphorylation elicited by SAPPa were prevented by BACE1L but not y-secretase inhibition. In
accord, AD mice overexpressing human sAPPa had less GSK3p activity and tau phosphorylation
compared with controls. These results implicate a direct relationship between APP B-processing
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and GSK3B-mediated tau phosphorylation and further define the central role of SAPPa in APP
autoregulation and AD pathogenesis.
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Introduction

Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by accumulation in
the brain of plagues composed of amyloid-beta (AB) proteins and neurofibrillary tangles
(NFT) composed of abnormally phosphorylated tau (Hardy and Selkoe, 2002; Selkoe,
2001). AB is produced by a proteolytic pathway whereby amyloid precursor protein (APP) is
cleaved first by p-site APP-converting enzyme (BACEL) yielding B-carboxy terminal
fragment (B-CTF) and a large secreted amino N-terminal fragment called sAPPR. Finally, p-
CTF is further cleaved by a y-secretase complex generating AP peptide (Vassar et al., 1999).
On the other hand, under physiological conditions the majority of APP is processed by the
non-amyloidogenic pathway mediated by a-secretase cleavage, yielding the C-terminal
fragment a-CTF and secretion of the N-terminal fragment sAPPa (Kimberly et al., 2003;
Lefort et al., 2012). Found to have neurotrophic and neuroprotective properties, as well as
the ability to enhance learning and memory (Copanaki et al., 2010; Corrigan et al., 2012;
Gralle et al., 2009), sAPPa is largely considered to have significant therapeutic potential
(Mattson, 1997).

The notion that brain accumulation of AB is the major influence that promotes the cascade of
pathogenic events leading to tau alterations and neuronal death and dysfunction as the final
common pathway in AD, has become the leading hypothesis (Hardy and Higgins, 1992). On
the other hand, the causal link between amyloidogenic APP processing, and tau alterations
in AD are far from fully characterized. Further, autopsy data from AD patients who
underwent experimental A immunization revealed a significant decrease in amyloid
deposition in certain brain areas but also indicated the presence of additional damage
including tau pathology that may be irreversible by attacking only A (Ferrer, 2004; Smith
et al., 2003).

Thus we hypothesized there is some direct pathogenic link between not necessarily AB
plaques themselves and tau, but amyloidogenic APP processing and promotion of tau. Our
prior findings indicated that SAPPa can inhibit BACE1 activity and promote
nonamyloidogenic processing of APP (Obregon et al., 2012). Recent investigations utilizing
inducible pluripotent stem cell-derived neurons from AD patients further suggested that
inhibition of BACEL, but not y-secretase, decreases glycogen synthase kinase-3 (GSK3p)-
mediated Alzheimer-like tau phosphorylation as well (Israel et al., 2012). Therefore,
amyloidogenic APP processing by BACEL may be the critical mediator between AD-like
amyloidogenic APP processing and tau phosphorylation pathways.

With this in mind, inhibition of the enzyme GSK3, a ubiquitous serine/threonine kinase that
regulates an array of fundamental cell processes, is becoming a promising therapeutic
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strategy in AD for several reasons. First, GKS3p isoform is required for AD-type abnormal
hyperphosphorylation of tau (Sereno et al., 2009). Indeed overexpression of GSK3p yields
tau hyperphosphorylation and disrupted microtubules in transgenic mice (Lucas et al.,
2001). Second, in vitro studies indicate activation of GSK3a promotes amyloidogenic APP
processing and A production (Phiel et al., 2003). Third, in vitro and in vivo overexpression
of GSK3 has been shown to promote apoptotic neuronal cell death (Beurel and Jope, 2006;
Bhat et al., 2000; Hetman et al., 2000; Lucas et al., 2001). Finally, transgenic mice
overexpressing GSK3p exhibited impaired spatial memory and long-term potentiation
(Hernandez et al., 2002).

The present study was undertaken to further determine the effect of SAPPa on GSK3p-
mediated tau phosphorylation. We found sAPPa reduced GSK3p activity, as indicated by
the level of inhibitory GSK3p Ser9 phosphorylation in primary neuronal cultures from
SAPPq overexpressing PSAPP mice as well as in the human neuroblastoma cell line, SH-
SY5Y. In SH-SY5Y cells overexpressing BACE1 (SH-SY5Y/BACEL) and Hela cells
overexpressing human tau (HeLa/tau), SAPPa additionally reduced tau phosphorylation, as
shown by phospho-tau (Thr231) and PHF1 tau (Ser396/Ser404) immunodetection.
Importantly, the sSAPPa-mediated reductions in GSK3p activity and tau phosphorylation
were prevented by a specific BACE1 (LY2886721) but not y-secretase inhibitor (DAPT).
Moreover, a transgenic-mouse model of AD (PSAPP) also had lower levels of GSK3
activity and tau phosphorylation when also overexpressing SAPPa. These results bolster the
hypothesis of a more direct link between BACE1 amyloidogenic processing and GSK3p-
mediated tau phosphorylation, while reducing the importance of Ap itself, and further define
the central role of SAPPa in APP autoregulation and AD pathogenesis.

Reagents and antibodies

Mice

PHF1 antibody was kindly provided by Dr. Peter Davies (Albert Einstein College of
Medicine, Bronx, NY). Additional antibodies were employed against phospho-tau (Thr231,
Millipore 1:1000), total tau (1:1000; Cell Signaling), phospho-GSK3p (Ser9) (1:1000; Cell
Signaling) and total GSK3p, 1:1000; Cell Signaling). Recombinant SAPPa was generated
and purified as previously described (10). Both y-secretase (N-[N-(3,5-
difluorophenacetyl)-1-alanyl]-S-phenylglycine t-butyl ester, DAPT, EMD Biosciences, La
Jolla, CA) and BACEL inhibitors (N-[3-[(4aS,7aS)-2-amino-4,4a,5,7-tetrahydrofuro[3,4-d]
[1,3]thiazin-7a-yl]-4-fluorophenyl]-5 fluoropyridine-2-carboxamide. LY2886721,
APEXBIQ]) were used at a final concentration 200 nM.

All mice were housed and maintained in the Morsani College of Medicine Animal Facility
at the University of South Florida (USF), and all experiments were conducted in compliance
with protocols approved by the USF Institutional Animal Care and Use Committee. Eight-
month-old doubly transgenic “Swedish” APPksosn/M596L (APPswe) + PS1agg B6C3-Tg
85Dbo/J strain (PSAPP mice) were purchased from the Jackson Laboratory (Bar Harbor,
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ME). Triple transgenic PSAPP/TgsAPPa mice were generated and genotyped as described
previously (Rezai-Zadeh et al., 2005).

Primary Neuronal Isolation and Culture

Primary cortical neurons were isolated from E14 embryos from C57BL/6 wild-type mice
(Jackson Labs, Bar Harbor, MA). Mouse embryonic brain tissues were mechanically
dissociated and cultured as previously described (Zhu et al., 2011). Primary neuronal cells
were cultured in suspension in DMEM/F12 (Invitrogen) containing B27 (Invitrogen), 20
ng/mL human epidermal growth factor (hEGF) and 10 ng/mL fibroblast growth factor
(FGF) at 37°C in 5% CO». For differentiation, primary neuronal cells were mechanically
dissociated, filtered with a 40 pm cell strainer into single-cell suspensions and plated in 24-
well plates (Fisher) at 100,000 cells per well. The cells were incubated at 37°C in
DMEM/F12 containing B27, 10% fetal bovine serum and 5% CO,.

Cell lines and cell culture

SH-SY5Y cells and SH-SY5Y cells stably expressing BACE1 were gifts from Dr. Wataru
Araki (National Institute of Neuroscience, Tokyo, Japan). HeLa cells stably transfected with
wild type 4RON human tau were a gift from Dr. Chad A. Dickey (University of South
Florida, USA). These cells were cultured as described previously (Abisambra et al., 2012;
Jinwal et al., 2009; Motoki et al., 2012; Murayama et al., 2006). Cells were plated in 24-well
plates at a concentration of 100,000 cells per well and after overnight incubation treated with
SAPPq at 0-25 nM for 12 h. SH-SY5Y/BACEL1 cells were also treated with SAPPa (25 nM)
plus a BACEL (LY2886721, 200 nM) or y-secretase inhibitor (DAPT, 200 nM) for 12 h.

Tissue preparation

Mice were euthanized with isoflurane anesthesia and then transcardially perfused with ice-
cold phosphate-buffered saline (PBS). Brains were rapidly isolated, and one hemisphere was
frozen immediately in liquid nitrogen and stored at —80 °C. For molecular analysis, brain
hemispheres were sonicated in RIPA buffer (Cell Signaling Technology, Danvers, MA,
USA) and centrifuged at 14,000 rpm for 1 h at 4 °C. Supernatant was transferred to a new
tube for Western blot analysis of tau and GSK3p. The other hemisphere was placed in 4%
paraformaldehyde for cryostat sectioning. The 25-um free-floating coronal sections were
collected and stored in PBS with 100 mM sodium azide in 24-well plates at 4 °C.

Western blot analysis

Cultured cells were lysed in ice-cold lysis buffer as described previously (Tan et al., 2002).
All antibodies were diluted in TBS containing 5% (w/v) nonfat dry milk. Blots were
developed using the Luminol reagent (Thermo Fisher Scientific, Waltham, MA).
Densitometric analysis was performed as described previously (Rezai-Zadeh et al., 2005)
using a FluorS Multiimager with Quantity One software (Bio-Rad, Hercules, CA).

Immunohistochemistry

Brain tissues from PSAPP and PSAPP/TgsAPPa mice were fixed in paraformaldehyde for
cryostat sectioning. Briefly, we sectioned five coronal sections per region with a 100-um
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interval and a thickness of 15-um for retrosplenial cortex (RSC), entorhinal cortex (EC), and
hippocampus (H). Immunohistochemical staining was conducted according to the
manufacturer’s protocol using a Vectastain ABC Elite kit (\Vector Laboratories, Burlingame,
CA) coupled with the diaminobenzidine reaction, except that the biotinylated secondary
antibody step was omitted. A biotinylated anti-phospho-tau (Thr231) antibody (1:500, Cell
Signaling) was used as a primary antibody. Images at were acquired as digitized tagged-
image format files (to retain maximum resolution) using a BX60 bright field microscope
with an attached CCD camera system (DP-70, Olympus, Tokyo, Japan), and digital images
were routed into a Windows PC for quantitative analyses using SimplePCI software
(Hamamatsu Photonics, Hamamatsu, Shizuoka, Japan). We captured images of five 15-um
sections through each anatomic region of interest (RSC, EC, and H) based on anatomical
criteria defined by Franklin and Paxinos, and obtained a threshold optical density that
discriminated staining from background. Each anatomic region of interest was manually
edited to eliminate artifacts. Selection bias was controlled for by analyzing each region of
interest in its entirety.

Statistical analysis

Results

All data were normally distributed; therefore, in instances of single mean comparisons,
Levene’s test for equality of variances followed by the t-test for independent samples were
used to assess significance. In instances of multiple mean comparisons, one-way analysis of
variance (ANOVA) was used. Alpha was set at 0.05 for all analyses. The statistical package
for the social sciences release IBM SPSS 18.0 (IBM, Armonk, NY) was used for all data
analyses.

SAPPa dose-dependently reduces GSK3p activity in primary differentiated neurons and
SH-SY5Y cells

Our previous studies indicate that SAPPa can inhibit BACE1-mediated B-secretase activity
and thereby decrease Ap generation and amyloid pathology in cells and mouse models of
AD (Obregon et al., 2012). In addition, Moore et al. (2015) found that BACEL1 inhibitors
reduced whereas y-secretase inhibitors increased intracellular tau protein and its
phosphorylation. While inhibition of f-secretase may reduce GSK3p-mediated tau
phosphorylation (Israel et al., 2012), the effect of SAPPa on this process is not yet known.
To determine if SAPPa reduces GSK3p activity, primary differentiated murine neurons and
SH-SY5Y human neuroblastoma cells were treated with human sAPPa (0-25 nM) for 12 h
and then cell lysates were prepared for Western blot (WB) analysis of inhibitory GSK3f
(Ser9) phosphorylation. sAPPq indeed significantly increased GSK3p (Ser9)
phosphorylation in a dose-dependent manner in both cell types (Fig. 1), indicating that
SAPPaq reduces GSK3p activity.

SAPPa reduces GSK3p activity and tau phosphorylation in SH-SY5Y/BACE1 and HelLa/tau

cells

Having shown that sSAPPa can reduce GSK3p activity we next set out to determine if SAPPa
can also reduce tau phosphorylation. These experiments were performed with SH-SY5Y
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cells overexpressing BACEL (SH-SY5Y/BACEL) in order to determine if SAPPa can reduce
tau phosphorylation in the context of enhanced p-secretase activity. SH-SY5Y/BACEL cells
were treated with SAPPa (0-25 nM) for 12 h, and then cell lysates were prepared for WB
analysis of GSK3p and tau phosphorylation. Application of SAPPa was followed by a
significant dose-dependent decrease in tau phosphorylation as indicated by phospho-tau
(Thr231) immunoreactivity (Fig. 2a); this response was associated with an increase in
GSK3p (Ser9) phosphorylation (Fig. 2b). These findings suggest that sSAPPa reduces
GSK3p activity and thereby reduces tau phosphorylation, even in the context of enhanced f3-
secretase activity.

To confirm these data, HeLa cells overexpressing human wild-type tau (HeLa/tau) were also
treated with SAPPa. Similar to results obtained with SH-SY5Y/BACEL cells, SAPPa
elicited a significant decrease in tau phosphorylation, expressed as both tau (Thr231)
phosphorylation as well as PHF1, together with an increase in GSK3p (Ser9)
phosphorylation, in these cells (Fig. 2c & d). These results therefore confirm that SAPPa
reduces GSK3p activity and tau phosphorylation.

In order to further address the molecular mechanisms for SAPPa inhibition of GSK3,

HelL a/tau cells were treated with the BACEL inhibitor LY 2886721 at indicated
concentrations (0, 12.5, 25, 50, 100, 200 and 400 nM) for 12 h and then cell lysates were
prepared for WB analysis of both total and phosphorylated GSK3p. pGSK3p (Ser9) levels
were promoted following functional inhibition of BACEL1 (Fig. 2e), indicating that the
GSK3p activity is dependent on BACEL. In addition, we also observed that BACE1
inhibitor dose-dependently induces inhibitory pGSK3p (Ser9) phosphorylation in SH-SYS/
BACE1 cells (date not shown).

SAPPa-mediated GSK3p inactivation and reduction in tau phosphorylation were not
prevented by y-secretase inhibition in SH-SY5Y /BACEL1 cells

Because sAPPa can reduce -secretase activity (Obregon et al., 2012), sAPPa-mediated
reduction in tau phosphorylation might be mediated by reduced levels of AB. To exclude
contributions of AB in the observed reduction in tau phosphorylation, SH-SY5Y/BACE1
cells were treated with the y-secretase inhibitor DAPT in the presence of SAPPa. The results
show that y-secretase inhibition did not prevent sAPPa-elicited changes in GSK3p (Ser9) or
tau phosphorylation (Fig. 3a, b & c), indicating that the effects of SAPPa on GSK3p and tau
phosphorylation was independent of y-secretase and, thus, of Ap. Most importantly,
functional inhibition of BACEL1 using a specific inhibitor attenuated SAPPa-mediated
induction of pGSK3p (Ser9) phosphorylation in SH-SY5Y cells. This result suggests that
SAPPq, causes GSK3p inhibitory phosphorylation likely through BACEL (Fig. 3d & €).

SAPPa inhibits GSK3p-elicited tau phosphorylation in vivo

To further determine if SAPPa reduces GSK3p activity and tau phosphorylation in vivo, we
employed a transgenic mouse model of AD that exhibits tau hyperphosphorylation (PSAPP).
This mouse line was crossed with a transgenic line overexpressing SAPPa (TgsAPPa),
creating triple transgenic (PSAPP/TgsAPPa) mice along with littermate controls. The mice
were sacrificed at 9 months of age, and brain slices were prepared for analysis of tau
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(Thr231) phosphorylation by immunohistochemistry. Brain homogenates were additionally
prepared for analysis of GSK3p and tau phosphorylation by western blotting. Compared
with their PSAPP littermate controls, PSAPP/TgsAPPa mice displayed reduced levels of tau
(Thr231) phosphorylation (Fig. 4a, b, ¢ & €) and elevated levels of GSK3p (Ser9)
phosphorylation (Fig. 4d & e), implying that SAPPa reduces GSK3p activity and thereby
reduces tau phosphorylation in vivo.

Discussion

The mechanisms of amyloid plaque and NFT accumulation in the brains of AD patients
have remained under intense investigation in hopes of preventing or slowing the progression
of this disease (Huang and Mucke, 2012). While amyloid plaques and NFTs are known to be
composed of AB and hyperphosphorylated tau proteins, respectively, little is known about
the precise mechanisms that lead to their accumulation or their roles in generating the
symptoms of dementia. Our recent studies suggest that SAPP«, secreted upon a-secretase
cleavage of APP, can reduce -secretase activity, thereby reducing Ap generation and
cerebral amyloidosis in cells and mouse models of AD (Obregon et al., 2012). Since reduced
j-secretase activity can also reduce the levels of GSK3p-mediated tau phosphorylation
(Israel et al., 2012), the present study was undertaken to determine if SAPPa can also impact
this process. In primary cultures of cortical neurons and in the SH-SY5Y cell line, SAPPa
increased inhibitory GSK3p (Ser9) phosphorylation indicative of decreased GSK3p activity.
In additional studies utilizing SH-SY5Y cells overexpressing BACE1 (SH-SY5Y/BACE 1),
as well as HeLa cells overexpressing human tau (HeLa/tau), SAPPa increased GSK3p (Ser9)
phosphorylation while reducing tau phosphorylation, as indicated by phospho-tau (Thr231)
and PHF1 immunoreactivity. These results suggest that SAPPq is a very potent endogenous
regulator since it reduces GSK3 activity and thereby reduces tau phosphorylation, even in
the context of enhanced BACEL activity. This is important because removal of pre-formed
plaques in humans has met with little clinical efficaciousness, pointing to a need to intervene
earlier at the APP processing step. It is not known whether SAPPa inhibition of GSK3, and
thus tau hyperphosphorylation, is a distinct and separate phenomenon from sAPPa
inhibition of BACEL is yet to be explored. These two processes may or may not occur
simultaneously in the disease progression.

Additionally, sSAPPa-mediated reduction of tau phosphorylation was not altered by v-
secretase inhibition, confirming and extending previous studies showing that y-secretase
inhibition does not alter GSK3p3-mediated tau phosphorylation in pluripotent stem cell-
derived neurons from AD patients (Israel et al., 2012). This result indicates that the effects
of sSAPPq are not mediated by an impact on production of Ap or the APP intracellular
domain (AICD) liberated by y-secretase. However, B-secretase inhibition attenuated SAPPa-
induced inhibitory GSK-3p (Ser9) phosphorylation, indicating that the effect of SAPPa on
GSK3p activity is mediated by BACEL. Together, these findings suggest that there is a
direct link between APP [3-secretase processing and GSK3p-mediated tau phosphorylation
pathways. While the link between these pathways remains to be determined, -CTF is one
attractive candidate because levels of this product correspond with axonopathies in mouse
models of AD overexpressing APP (Leroy et al., 2007; Wong et al., 2002; Zheng and Koo,
2006).
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Of particular importance is our finding that mouse models of AD overexpressing SAPPa
(PSAPP/TgsAPPa) display greater GSK3p (Ser9) phosphorylation and less tau
phosphorylation than littermate controls (PSAPP). Therefore, SAPPa appears to reduce
GSK3p activity and thereby reduce tau phosphorylation in vivo as well as in vitro. These
results correspond with those from our previous study showing that PSAPP/TgsAPPa mice
exhibit reductions in A levels, B-CTF production, cerebral amyloidosis, and APP/BACE1
interaction compared to PSAPP littermate controls. Taken together, these results indicate
that SAPPa can reduce p-secretase activity in vitro and in vivo, thereby reducing
amyloidogenic APP processing, tau phosphorylation and potentially NFT formation, the
major hallmarks of AD. Because sAPPa interaction with BACEL may precede NFT and AB
generation in AD patients, development of selective BACEL inhibitors, molecular agents
able to restore or enhance BACEL1 inhibition by sAPPa or SAPPa mimetics could hold
therapeutic value in preventing or slowing the progression of AD.
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Fig. 1.
Treatment with SAPPa dose-dependently increases GSK3p (Ser9) phosphorylation in SH-

SY5Y cells and primary differentiated neuronal cells. (a) Human neuroblastoma (SH-SY5Y)
cells and (b) murine primary differentiated neuronal cells (Diff. neuronal cells) were treated
with sAPPq at the indicated concentrations for 12 h. Cell lysates were prepared and
subjected to Western blotting (WB) analysis with a specific anti-phospho-GSK3p (Ser9)
antibody and a total GSK3 antibody. As shown, phosphorylated GSK3p (Ser9) [pGSK3p
(Ser9)] was notably elevated following sAPPa treatment in both SH-SY5Y and primary
neuronal cells. (¢) Densitometry analysis shows the band density ratio of pGSK3p (Ser9) to
total GSK3B. pGSK3p (Ser9) and total GSK3B WB results are representative of three
independent experiments. A t-test revealed significant difference in the ratio of pGSK3
(Ser9) to total GSK3p for both SH-SY5Y cells and differentiated neuronal cells treated with
either 6.25, 12.5 or 25 nM sAPPa compared to control (0 nM). In addition, the levels of
pGSK3p (Ser9) and total GSK3p did not differ between control (0 nM sAPPa) and
denatured sAPPa (100°C, 30 min, 25 nM, data not shown). **P < 0.05; *** P < 0.001.
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Fig. 2.
Treatment with SAPPa decreases tau phosphorylation and increases GSK3p (Ser9)

phosphorylation in SH-SY5Y/BACEL cells and HeLa/tau cells. SH-SY5Y/BACEL cells (a
& b) and HeLa/tau cells (c & d) were treated with SAPPq at indicated concentrations for 12
h. Cell lysates were prepared for WB analysis of both total and phosphorylated levels of tau
and GSK3B. (a & c) Phosphorylation status of tau was detected by anti-phospho-tau [p-tau
(Thr231)] and PHF1 antibodies. Total tau (phosphorylated and non-phosphorylated) was
detected by tau-46. (b & d) Phosphorylation status of GSK3p [pGSK3p (Ser9)] was detected
by anti-phospho-GSK3p (Ser9) antibody. (€) HeLa/tau cells were treated with BACE1
inhibitor LY2886721 at indicated concentrations (0, 12.5, 25, 50, 100, 200 and 400 nM) for
12 h and then cell lysates were prepared for WB analysis of both total and phosphorylated
GSK3. These results indicated that the GSK3p activity was dependent on BACE1
inhibition. In addition, BACEL inhibitor dose-dependently induced inhibitory pGSK3p
(Ser9) phosphorylation in SH-SY5Y/BACEL cells (date not shown). Densitometry analysis
shows the band density ratio of p-tau (Thr231) to total tau and pGSK3p (Ser9) to total
GSK3p as shown below each figure panel. WB results are representative of two independent
experiments for pGSK3p (Ser9) and total GSK3p, and three experiments respectively for
PHF1, p-tau (Thr231) and total tau. A t-test revealed a significant difference in pGSK3p
(Ser9) to total GSK3p and p-tau to total tau ratios for both SH-SY5Y/BACEL cells and
human tau stable transfected Hela cells treated with either 6.25, 12.5 or 25 nM sAPPa
compared to control (0 nM). In addition, a significant difference in pGSK3p (Ser9) to total
GSK3p ratio was observed for HeLa/tau cells treated with either 200 or 400 nM BACE1
inhibitor compared to control (0 nM) (**P < 0.05; *** P < 0.001). APa4p, 42 peptides were
undetectable by AB ELISA of the conditioned media from either cell line with or without
SAPPq treatment (data not shown).
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Fig. 3.

Ti?e effects of SAPPa on GSK3p activity and tau phosphorylation are independent of vy-
secretase. SH-SY5Y/BACEL cells were treated with sAPPa (25 nM) with or without y-
secretase inhibitor DAPT (200 nM) for 12 h and then total and phosphorylated levels of tau
and GSK3p were analyzed by WB. (a) Phosphorylation status of tau was detected by anti-
phospho-tau (Thr231) antibody [p-tau (Thr231)]. Total tau (phosphorylated and non-
phosphorylated) was detected by tau-46. (b) Phosphorylation status of GSK3p was detected
by an anti-phospho-GSK3p (Ser9) antibody [p-GSK3p (Ser9)]. (c) Densitometry analysis
shows the band density ratio of p-tau (Thr231) to total tau (upper panel) and ratio of p-
GSK3p (Ser9) to total GSK3p (lower panel). (d) In order to further investigate if SAPPa
mediated GSK3p (Ser9) inhibitory phosphorylation could be via BACEL1 inhibition, SH-
SY5Y cells were treated with SAPPa (25 nM), the heat-denatured SAPPa (dsAPPa, 25 nM)
or PBS (Control, Ctrl) in the presence or absence of BACEL inhibitor (BACEL Inhi.) at 200
nM for 12 h. Total and phosphorylated levels GSK3f were analyzed by WB. (€)
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Densitometry analysis shows the band density ratio of p-GSK3p (Ser9) to total GSK3p (**P
< 0.05). These WB results are representative of three independent experiments. A t-test
revealed no statistically significant difference between sAPPa and SAPPa/DAPT in either
the ratio of p-tau (Thr231) to total tau or the ratio of pGSK3p (Ser9) to total GSK3p.

AB4o, 42 peptides were undetectable by AB ELISA of the conditioned media from SH-SYS/
BACE1 cells (data not shown).
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Fig. 4.

O\gllerexpression of SAPPa in PSAPP mice attenuates abnormal tau phosphorylation and
GSK3p activation. Mouse brain tissue sections and homogenates were prepared from 9-
month-old PSAPP and PSAPP/TgsAPPa mice (n = 5 females per group). (&) Mouse brain
sections from both groups were stained with anti-phospho-tau (Thr231) [p-tau (Thr231)]
antibody. (b) Percentages of anti-p-tau (Th231) antibody positive cells [p-tau (Th231)
positive area/total area; mean £ S.D.] at 20 x magnification (15-20 fields per section) were
calculated by quantitative image analysis for mouse brain entorhinal cortical (EC) region as
indicated (***P < 0.001). Mouse brain homogenates were subjected to WB analysis with
antibodies against p-tau (Thr231), or total tau (c) or with antibodies against phospho- or
total-GSK3p (d). Phosphorylation status of GSK3p was detected by anti-phospho-GSK3p
(Ser9) [pGSK3p (ser9)] antibody. B-actin was used as an internal reference control. (€)
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Densitometry analysis shows the band density ratios of p-tau (Thr231) to total tau (upper
panel) and pGSK-3p (Ser9) to total GSK3p (lower panel). A t-test revealed significant
differences in the ratios of p-tau (Thr231) to total tau and pGSK3p (Ser9) to total GSK3[3
between PSAPP/TgsAPPa and PSAPP mice (***P < 0.001). Similar results from both
immunochemistry staining and WB analyses were also obtained with PHF-1 antibody (data
not shown). There are no notable differences in p-tau (Th231) and PHF-1 antibody staining
between PSAPP and PSAPP/TgsAPPa mice for retrosplenila cortex (RSC) and
hippocampus (H) (data not shown).
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