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Alzheimer’s amyloid precursor protein (APP), the precursor of
b-amyloid (Ab), is an integral membrane protein with a
receptor-like structure. We recently demonstrated that the ma-
ture APP (mAPP; N- and O-glycosylated form) is phosphory-
lated at Thr668 (numbering for APP695 isoform), specifically in
neurons. Phosphorylation of mAPP appears to occur during,
and after, neuronal differentiation. Here we report that the phos-
phorylation of mAPP begins 48–72 hr after treatment of PC12
cells with NGF and that this correlates with the timing of neurite
outgrowth. The phosphorylated form of APP is distributed in

neurites and mostly in the growth cones of differentiating PC12
cells. PC12 cells stably expressing APP with Thr668Glu substi-
tution showed remarkably reduced neurite extension after treat-
ment with NGF. These observations suggest that the phosphor-
ylated form of APP may play an important role in neurite
outgrowth of differentiating neurons.
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Deposition and accumulation of b-amyloid (Ab) in the brain and
cerebral blood vessels are characteristic of the pathology of Alz-
heimer’s disease (AD). Ab is generated from a larger precursor
protein, Alzheimer’s amyloid precursor protein (APP) (Goldg-
aber et al., 1987; Kang et al., 1987; Robakis et al., 1987; Tanzi et
al., 1987, 1988; Kitaguchi et al., 1988; Ponte et al., 1988; De
Sauvage and Octave, 1989), by proteolytic cleavage (for review,
see Price et al., 1998). APP is an integral membrane protein that
is phosphorylated in the cytoplasmic (Suzuki et al., 1994; Oishi et
al., 1997; Iijima et al., 1998) and extracellular (Hung and Selkoe,
1994; Walter et al., 1997) domains. It has been reported that
cell-surface APP plays a role in neurite extension of primary
cultured hippocampal neurons (Qiu et al., 1995). The large ex-
tracellular domain of APP is also reported to bind extracellular
matrix molecules such as heparin (Schubert et al., 1989), laminin
(Kibbey et al., 1993), and collagen (Beher et al., 1996), which can
mediate cell adhesion and neurite outgrowth. Furthermore, neu-
rite outgrowth has been reported to be inhibited by downregula-
tion of APP expression (Allinquant et al., 1995). These previous
reports suggest that the membrane-associated APP affects cell
adhesion and neurite outgrowth via an intracellular signal trans-
duction pathway, although the exact molecular mechanism of the
biological role of APP is yet to be resolved.

One of the mechanisms that regulates APP function is likely to
be protein phosphorylation (for review, see Gandy et al., 1991).
Using cultured cell lines, we reported previously that Cdc2 kinase
phosphorylates the cytoplasmic domain of APP at Thr668 (num-
bering for the APP695 isoform) during the G2/M phase of the
cell cycle (Suzuki et al., 1994, 1997). Our recent studies demon-
strated in adult rat brain that Thr668 of APP is also phosphory-
lated (Oishi et al., 1997) and that this is mediated by Cdk5, a
neuronal homolog of Cdc2 (K. Iijima, Y. Satoh, K. Ando, T. Seki,
Y. Arai, P. Greengard, A. C. Nairn, Y. Kirino, and T. Suzuki,
unpublished observation). Furthermore, we have found that phos-
phorylated APP, consisting of mature APP (mAPP; N- and
O-glycosylated isoform) but not immature APP (imAPP;
N-glycosylated isoform), is largely localized on the plasma mem-
brane of cell bodies and neurites of mature neurons (K. Iijima, Y.
Satoh, K. Ando, T. Seki, Y. Arai, P. Greengard, A. C. Nairn, Y.
Kirino, and T. Suzuki, unpublished observation). Here we ex-
plore the function of the phosphorylation of APP695 at Thr668
during neuronal differentiation of PC12 cells. We find that the
phosphorylation of APP at Thr668 begins when the cells start to
elaborate minor processes and that phosphorylation increases in
parallel with neuronal differentiation. Cells that express a mutant
APP with an acidic amino acid in place of Thr668 exhibit reduced
neurite extension after stimulation to differentiate. These obser-
vations suggest that the phosphorylation of APP may play an
important role in neuronal differentiation.

MATERIALS AND METHODS
Antibodies. Polyclonal anti-APP antibody (AbAPP) UT-421 was prepared
against a peptide [Cys]APP 676–695 of APP695 (Tomita et al., 1998a).
Polyclonal phosphorylation state-specific antibody (pAbThr668) UT-33
was raised against a phosphopeptide APP 665–673[Cys][PiThr668] of
APP695, synthesized at Quality Controlled Biochemicals (Hopkinton,
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MA). The specificity of UT-33 for the phosphorylated form of APP was
similar to that of pAbThr668 G-474 (Oishi et al., 1997). UT-33 does not
cross-react with the dephosphorylated APP, APP 645–694 of APP695, or
with other proteins from rat brain tissues (K. Iijima, Y. Satoh, K. Ando,
T. Seki, Y. Arai, P. Greengard, A.C. Nairn, Y. Kirino, and T. Suzuki,
unpublished observation). Antibodies were affinity-purified using anti-
gen peptide. Anti-a-tubulin monoclonal antibody TU-01 (Zymed Lab,
South San Francisco, CA), anti-tubulin polyclonal antibody T-3526 (Sig-
ma, St. Louis, MO), and anti-FLAG monoclonal antibody M2 (Eastman
Kodak, New Haven, CT) were purchased.

Plasmid construction. cDNA encoding human APP695 (Kang et al.,
1987) was prepared as described previously (Tomita et al., 1998a). The
phosphorylation site Thr668 was mutated to Ala or Glu to produce
pAPP695T668A (Thr to Ala mutation at amino acid position 668) and
pAPP695T668E (Thr to Glu mutation at amino acid position 668) as
described (Tomita et al., 1998b). The FLAG sequence was produced by
PCR using primers 59-TAATACGACTCACTATAGGG-39 (forward)
and 39-CGGACCTGCCGAGCCCGCCTGATGTTCCTACTGCTACT
GTTCGACCTCCATGGGTG-59 (reverse, the underlined nucleotides
encode the FLAG sequence DYKDDDDK, and the nucleotides in
italics represent a KpnI site) and inserted between APP695Ala17 and
APP695Leu18 of APP695 cDNA in pcDNA3 (pAPP695NFLAG). The
EcoRI–XhoI fragment of pAPP695NFLAG including APP695 606–695

was exchanged for an identical fragment from pAPP695T668A or
pAPP695T668E (Tomita et al., 1998b) to produce pAPP695NFLAGT668A
or pAPP695NFLAGT668E.

Cell culture and production of PC12 cell lines that stably express FLAG-
tagged APP. PC12, rat adrenal pheochromocytoma cells, were cultured in
DMEM (Life Technologies, Gaithersburg, MD) containing 10% (v/v)
heat-inactivated fetal bovine serum (Iansa) and 5% (v/v) heat-
inactivated horse serum (Life Technologies). For induction of neuronal
differentiation, the cells were treated with NGF (Seikagaku, Tokyo,
Japan) at 50 ng/ml for various times as indicated. The medium was
changed every 2 d, and fresh NGF was added each time. PC12 cells were
transfected with plasmid DNA for the various constructs using Lipo-
fectAMINE reagent (Life Technologies), and several independent
clones stably expressing the exogenous APP were isolated. No major
differences were found in the levels of expression of the three forms of
fAPP695 used in this study.

Detection of total APP and of APP phosphorylated at Thr668. PC12 cells
were harvested at the indicated time after administration of NGF. APP
was recovered from the cell lysate by immunoprecipitation with UT-421
as described (Suzuki et al., 1994; Oishi et al., 1997). Immunoprecipitates
were subjected to SDS-PAGE [6% (w/v) polyacrylamide] and electro-
phoretically transferred to nitrocellulose membranes. The membrane
was incubated with UT-421 or UT-33 and then with [ 125I]-protein A
(Amersham Pharmacia Biotech, Buckinghamshire, UK). Radioactivity
was quantified using a Fuji BAS 2000 imaging analyzer (Fuji Photo Film,
Tokyo, Japan).

Immunocytochemical staining of cells. PC12 cells (;2–3 3 10 4) were
cultured on 35 mm glass-bottom dishes (Mat Tek, Ashland, MA) and
treated without or with NGF for various times. Cells were fixed in 4%
(w/v) paraformaldehyde in PBS containing 4% (w/v) sucrose for 10 min
at room temperature and permeabilized with 0.1% (v/v) Triton X-100 in
PBS (10 mM sodium phosphate, pH 7.2, 140 mM NaCl) for 5 min. The
cells were rinsed with PBS, incubated with affinity-purified antibody
overnight at 4°C, followed by incubation with fluorescein isothiocyanate
(FITC)- or tetramethylrhodamine B isothiocyanate (TRITC)-conjugated
secondary antibody (Zymed Lab). Scanning fluorescent images were
analyzed using a Bio-Rad MRC 600 confocal laser scanning microscope
(Bio-Rad, Hercules, CA).

RESULTS
Phosphorylation of APP at Thr668 correlates with
differentiation of PC12 cells
The mAPP is specifically phosphorylated in neuronal tissues of
the adult rat and in primary cultured hippocampal neurons pre-
pared from the E18 embryo of rat (Oishi et al., 1997; Iijima,
Satoh, Ando, Seki, Arai, Greengard, Nairn, Kirino, and Suzuki,
unpublished observation). However, it is unclear at what time
during neuronal cell differentiation the phosphorylation of APP
at Thr668 begins. To resolve this issue, we examined phosphor-
ylation of APP during neuronal differentiation using rat pheo-

chromocytoma PC12 cells. These cells differentiate into sympa-
thetic neuron-like cells in response to NGF (Greene and Tishler,
1976).

PC12 cells were cultured in the presence of NGF for various
times. Both the phosphorylated and the dephosphorylated forms
of APP were recovered by immunoprecipitation of cell lysates
with a polyclonal anti-APP antibody UT-421. The immunopre-
cipitates were analyzed by immunoblot with UT-421 and with a
polyclonal phosphorylation state-specific antibody UT-33 to ex-
amine the levels of expression and phosphorylation of APP (Fig.
1). After administration of NGF (0 hr), cells began to extend
neurites, accompanied by a gradual increase of APP expression
(;72 hr). When cells possessed elongated neurite(s) (72–120 hr)
and appeared to be fully differentiated, the intracellular level of

Figure 1. Phosphorylation of APP at Thr668 during neuronal differen-
tiation of PC12 cells. PC12 cells (;1 3 10 6 cells) were cultured in the
presence of NGF for the indicated times (0–120 hr). a, APP was immu-
noprecipitated from cell lysates (1.5 mg of protein) using UT-421, and
samples were analyzed by SDS-PAGE [6% (w/v) polyacrylamide] and
Western blotting using either UT-421 (APP, top) or UT-33 (PiAPP,
bottom). b, APP and PiAPP were quantified using a Fuji BAS 2000
Imaging Analyzer, and the level of PiAPP was normalized to that of APP.
The results shown are the average of duplicate assays, and error bars are
indicated. mAPP, Mature APP isoforms; imAPP, immature APP iso-
forms. The size of the molecular weight standards (in kilodaltons) is
indicated.
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APP no longer increased (Fig. 1a, APP). The phosphorylated
form of APP at Thr668 (numbering for APP695), or PiAPP,
increased dramatically after 48 hr of NGF treatment (Fig. 1a,
PiAPP), and the ratio of PiAPP to total APP increased in direct
proportion to the progression of differentiation (Fig. 1b). Phos-
phorylation of APP occurred predominantly in mAPP rather than
in imAPP [for characterization of APP species in PC12 cells, see
Caporaso et al. (1992)]. When control PC12 cells were cultured in
the absence of NGF and harvested at the same time points, the
level of the PiAPP was negligible (data not shown). Overall, the
results indicate that the phosphorylation of mAPP at Thr668
occurs when neurites are extending during neuronal
differentiation.

Localization of phosphorylated APP in differentiated
PC12 cells
As the first step in elucidating the role of the phosphorylation of
APP during neuronal differentiation, we examined the localiza-
tion of PiAPP by immunocytochemical staining of differentiating
PC12 cells (Fig. 2). PC12 cells were cultured for 72 hr in the
presence of NGF and stained with UT-421 or UT-33 (green
fluorescence in Fig. 2a,c). The cells were also double-stained with
anti-a-tubulin monoclonal antibody TU-01 (red fluorescence in
Fig. 2b,d). APP was detected mostly in the cell body and in
growth cones (Fig. 2a). APP phosphorylated at Thr668 was dis-
tributed sparingly in the cell body, moderately in the neurites, and
predominantly in growth cones (Fig. 2c). A similar distribution of

PiAPP was observed in cells as early as 48 hr after NGF treat-
ment, except that the cells possessed shorter neurites (data not
shown). When undifferentiated PC12 cells were grown in the
absence of NGF, PiAPP was not observed except in cells in the
mitotic phase of the cell cycle (K. Ando and T. Suzuki, unpub-
lished observation) as expected from our previous studies (Suzuki
et al., 1994; Oishi et al., 1997).

Role of phosphorylation of APP during
neuronal differentiation
The increased level of PiAPP during neuronal differentiation and
the predominant localization of PiAPP in growth cones suggest
the possibility that APP with a phosphorylated cytoplasmic do-
main plays an important role in neurite outgrowth. To determine
whether the phosphorylation of APP was simply an event occur-
ring after neurite formation or was actually necessary to induce
neurite formation, we established several series of PC12 cell lines
that stably expressed human APP carrying a single amino acid
substitution at the phosphorylation site Thr668. Because PC12
cells express relatively high levels of endogenous APP, we quan-
tified the expression level of exogenous APP by preparing con-
structs (fAPP695) that contained an eight amino acid FLAG
sequence (Fig. 3a). Thr668 of APP was also mutated to Ala
(fAPP695T668A) or Glu (fAPP695T668E). Mutation to alanine is
expected to mimic the dephosphorylated state of Ser or Thr
residues, whereas mutation to glutamate has been found in some
cases to mimic the phosphorylated state of Ser or Thr residues
(Fong et al., 1989; Waldmann et al., 1990; Mayford et al., 1995).
UT-33 recognized fAPP695T668E as well as fAPP695wt phos-
phorylated at Thr668 but did not recognize fAPP695T668A (Fig.
3b). As expected, mature but not immature fAPP695wt was de-
tected as a phosphorylated form (Fig. 3b, PiAPP, lef t panel). Both

Figure 2. Localization of APP and phosphorylated APP in differen-
tiating PC12 cells. PC12 cells ;2–3 3 10 4) were cultured for 72 hr with
NGF. Cells were double-stained with UT-421 (a) and TU-01 (b) anti-
bodies, or double-stained with UT-33 (c) and TU-01 (d). Scale bar, 25
mm. Arrowhead indicates a growth cone.

Figure 3. Domain organization of wild-type and mutant fAPP695 mol-
ecules and analysis of their expression and phosphorylation in PC12 cells.
a, The domain organization of fAPP695 is illustrated. The positions of the
FLAG sequence (FLAG), the transmembrane domain (TM ), the
b-amyloid (Ab) domain, and the phosphorylation site, T668 (668), are
indicated. The mutation of Thr668 is also indicated: in fAPP695T668A,
threonine is replaced by alanine; in fAPP695T668E, threonine is replaced
by glutamate. b, APP was immunoprecipitated from cell lysates (1.5 mg of
protein) from PC12 cells stably expressing fAPP695wt (wt),
fAPP695T668A (T668A) or fAPP695T668E (T668E) using M2 (FLAG)
antibody, and the samples were subjected to SDS-PAGE [6% (w/v)
polyacrylamide]. Samples were analyzed by Western blot using UT-421
(APP) and UT-33 (PiAPP) antibodies. Immunocomplexes were detected
with 125I-protein A, and APP and PiAPP were quantified using a Fuji
BAS 2000 Imaging Analyzer. mAPP, Mature fAPP695; imAPP, imma-
ture fAPP695.
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immature and mature fAPP695T668E were detected with UT-33
(Fig. 3b, PiAPP, right panel).

PC12 cells, expressing almost identical quantities of the various
fAPP695 proteins (Fig. 3b, APP), were differentiated by admin-
istration of NGF. The expression of fAPP695 was confirmed by
staining cells (Fig. 4a–c) with anti-FLAG monoclonal antibody.
The morphology of the cells was examined by staining with
anti-tubulin polyclonal antibody (Fig. 4d–f). After 72 hr of NGF
treatment, PC12 cells expressing fAPP695T668A (Fig. 4b,e) ex-
hibited neurite extension to the same degree as cells expressing
fAPP695wt (Fig. 4a,d), indicating normal differentiation. No re-
markable difference in the localization of fAPP695 was observed
between fAPP695wt and fAPP695T668A in the five independent
cell lines examined. Furthermore, Western blot analysis demon-
strated that the endogenous APP in PC12 cells expressing
fAPP695T668A was phosphorylated normally (data not shown).
However, PC12 cells expressing fAPP695T668E elaborated sig-
nificantly fewer and shorter neurites (Fig. 4c,f).

The number and length of neurites were measured at various
time points after the administration of NGF in PC12 cells ex-
pressing fAPP695 (Fig. 5). Like nontransfected PC12 cells
(PC12), PC12 cells expressing fAPP695wt (wt) began to extend

neurites, and the ratio of cells possessing neurites increased after
the administration of NGF. Similarly, PC12 cells expressing
fAPP695T668A (T668A) extended neurites to the same extent as
those expressing fAPP695wt (wt) and the nontransfected PC12
cells (PC12). However, PC12 cells expressing fAPP695T668E
possessed only a small number of shorter neurites (T668E). These
results indicate that PC12 cells expressing APP carrying the
substitution of Glu at the phosphorylation site failed to efficiently
extend neurites. The FLAG sequence in APP695 did not inter-
fere with the differentiation of PC12 cells, at least when measured
by neurite outgrowth. Identical results were also obtained using
PC12 cells that expressed the APP770 isoform containing Thr743
(position 668 of APP695) to alanine or glutamate mutations (data
not shown).

The effect of the T668E mutation of APP695 on neurite out-
growth of PC12 cells was further analyzed by examining the
expression of MAP5, a marker protein in the growing neurites of
differentiating neurons (Brugg and Matus, 1988). MAP5 was
detectable in PC12 cells expressing fAPP695wt and fAPP695T668A
as early as 24 hr, and the level of expression increased in propor-
tion to the culture time. In contrast, PC12 cells expressing
fAPP695T668E expressed a low level of MAP5 even at 72 hr

Figure 4. Localization of fAPP695 in PC12 cells after treatment with NGF. PC12 cells stably expressing fAPP695wt (a, d), fAPP695T668A (b, e), and
fAPP695T668E (c, f ) were treated with NGF for 72 hr and double-stained with M2 (FLAG) (a–c) and T-3526 (tubulin) (d–f ) antibodies. Scale bar, 25
mm.
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(data not shown). The results confirmed that neurite outgrowth
was still immature in PC12 cells expressing fAPP695T668E, even
after 72 hr of NGF treatment, and agreed with the morphological
analysis of the cells (Figs. 4, 5).

DISCUSSION
APP is thought to be a pathogenic factor in Alzheimer’s disease
as a result of proteolytic processing of the protein to produce the
neurotoxic peptide Ab (for review, see Price et al., 1998). In
addition, patients with several types of familial AD (FAD) carry
a mutation in their APP gene (Levy et al., 1990; Chartier-Harlin
et al., 1991; Goate et al., 1991; Murrell et al., 1991). The expres-
sion of the APP gene is ubiquitous (Wasco et al., 1993), although
neuronal tissues express a tissue-specific isoform, APP695, pro-
duced by alternative splicing (Kang et al., 1987). As a result of the
widespread occurrence of APP, it has been difficult to identify a
neuron-specific function for the protein. Interestingly, APP has a
membrane-associated receptor-like structure (Kang et al., 1987),
and the cytoplasmic domain of APP is thought to perhaps medi-
ate an as yet undefined signal transduction process that would
take place on binding of an extracellular ligand (for review, see
Neve, 1996). We recently established that constitutive phosphor-
ylation of the cytoplasmic domain of APP was neuron specific and
that this appeared to be the only significant difference between
neuronal and non-neuronal APP (Iijima, Satoh, Ando, Seki, Arai,
Greengard, Nairn, Kirino, and Suzuki, unpublished observation).

In the present study, we explored the function of the phosphor-
ylation of APP in PC12 cells stimulated to differentiate into a
neuron-like phenotype with NGF. PiAPP appeared ;48 hr after
the stimulation of neuronal differentiation and was mostly local-
ized in growth cones. The time course of appearance of PiAPP
was not specific to PC12 cells, because similar results were ob-
tained using X58 cells, a mouse neuroblastoma–rat strial neuron
hybridoma induced to differentiate by treatment with forskolin

(Wainwright et al., 1995) (data not shown). Furthermore, PiAPP
was also observed in differentiating fields of embryonic neuronal
tissues on neuronal formation but not in undifferentiated neuro-
epithelium (K. Ando and K. Iijima, unpublished observation).
These observations suggest the possibility that PiAPP plays a
significant role in neurite outgrowth and/or neuronal
differentiation.

There are several reports concerning the relationship between
APP and neurite extension (Kibbey et al., 1993; Allinquant et al.,
1995; Beher et al., 1996). However, the molecular mechanism(s)
involved in the role of membrane-associated APP in neurite
extension is not known. In the present study, we observed that
mutation of Thr668 to glutamate, but not to alanine, prevented
neurite extension. Mutation of APP did not influence the matu-
ration of the protein. In addition, pulse–chase analysis of undif-
ferentiated and differentiated PC12 cells expressing fAPP695wt
or fAPP695T668E resulted in the production of similar levels and
similar secretion of extracellular amino-terminal domain (sAPP)
(data not shown). Therefore, our present observations suggest
that membrane-associated mAPP plays a role in neurite extension
through the phosphorylation of its cytoplasmic domain but not
through the generation of sAPP from APP.

The molecular mechanism by which fAPP695T668E prevents
neurite extension in PC12 cells after the addition of NGF is not
known. However, a hypothetical model is illustrated in Figure 6.
In wild-type cells and cells that express wild-type fAPP695, APP
is phosphorylated after differentiation with NGF stimulation, and
PiAPP is localized to growth cones. We propose that within
growth cones PiAPP may bind to a putative intracellular protein
factor and that this interaction would facilitate the attachment of
neurites to the tissue culture dish surface and/or the extracellular
matrix. Expression of fAPP695T668A would not be expected to
interfere with the binding of endogenous PiAPP with the putative

Figure 5. Neurite extension of PC12 cells expressing fAPP695 after treatment with NGF. PC12 cells stably expressing fAPP695wt (WT ), fAPP695T668A
(T668A), or fAPP695T668E (T668E), and nontransfected cells (PC12) were cultured in the presence of NGF for the indicated times. a, The numbers of
neurites was divided by the cell number examined (n 5 100). b, The length (in micrometers) of the neurites was measured, and the average length of
neurites from 100 cells is indicated. Experiments were performed using five independent clones of cell lines expressing the various constructs, and the
averages and SD are shown (n 5 5). Asterisks indicate statistical significance by standard t test relative to fAPP695wt (*p , 0.01; **p , 0.005; ***p ,
0.001).
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factor and would not influence normal neurite extension. In
contrast, mutation of Thr668 to glutamate may result in an APP
molecule that competes for binding to the putative factor involved
in neurite outgrowth. Undifferentiated PC12 cells expressing
fAPP695T668E contain endogenous dephosphorylated APP and
a relatively large quantity of fAPP695T668E. After stimulation
with NGF, the PC12 cells are presumably committed to differen-
tiate, and phosphorylation of endogenous APP at Thr668 begins
to occur. The high levels of fAPP695T668E in the cells either
before or after treatment with NGF would compete for the
putative factor and interfere with its normal function. This could
be caused by the incorrect localization of fAPP695T668E
compared with PiAPP within cells or the fact that fAPP695T668E
interacts with the putative factor in a manner distinct from
PiAPP.

Several proteins have been shown to interact with the cytoplas-
mic domain of APP, including Fe65, the Fe-65-like protein, X11,
an X11-like protein, Go, APP-BP1, PAT1, and UV-DDB (Nishi-
moto et al., 1993; Fiore et al., 1995; Borg et al., 1996; Chow et al.,
1996; Guénette et al., 1996; Duilio et al., 1998; Zheng et al., 1998;
Tomita et al., 1999; Watanabe et al., 1999). The binding of Fe65,
Fe-65 like, X11, X11-like, and UV-DDB protein to APP is not
affected by the mutation of Thr668 to glutamate and alanine
(S. Tomita and T. Suzuki, unpublished observation); however, the
influence of phosphorylation of Thr668 on the interaction of APP
with the other proteins is not known. Further studies to examine
these interactions, as well as identification of additional proteins
that bind to APP in a phosphorylation-dependent manner, should

contribute to our understanding of the role of APP in ne-
uronal differentiation and possibly of the role of APP in the
pathogenesis of AD.
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