Vol. 202, No. 1, 1994 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
July 15, 1994 Pages 293-298

PROCESSING OF § /A4 AMYLOID PRECURSOR PROTEIN IS ALTERED IN
THE HIPPOCAMPUS OF RESERPINIZED RAT BRAIN

Hiroshi Komachi’, Yasufumi Shirasaki?, Tadashi Miyatake' and Katsuhiko Yanagisawa'*

'Department of Neurology, Tokyo Medical and Dental University, Tokyo, Japan

*Exploratory Research Laboratories 11, Daiichi Seiyaku Research Co. Lid., Tokyo, Japan

Received May 28, 1994

Summary: Immunoreactivities of B/A4 amyloid precursor protein (APP) and soluble derivative
of APP (APPs) were determined in the hippocampus and the striatum of reserpinized rat
brains. Significant decrease of APPs immunoreactivity was observed in the cytosolic
fraction of hippocampus, but not of striatum, whereas APP immunoreactivity was found to
be increased in the membrane fraction of hippocampus. These findings suggest that processing
of APP in hippocampus may be regulated through the monoaminergic signal transduction

System. © 1994 Academic Press, Inc.

One of the pathological hallmarks in Alzheimer's disease (AD) brain is a deposition

of B/ A 4 amyloid protein (AB), a 4 kD cleaved product of the 110 to 130 kD glycosylated,
membrane-spanning precursor protein (amyloid precursor protein, APP) (1). Since point
mutations in the APP gene were discovered in familial AD (2, 3), alteration of APP processing
seems to be closely related to the primary cause of AD. However, little is known of the
mechanism of regulation of APP processing. Recently it was reported that the activation of
protein kinase C (PKC) caused an alteration of APP metabolism in a way that the release of

soluble derivative of APP (APPs) was increased (4-7) with a corresponding decrease of AR
production (8, 9). Previously we reported the reduced membrane-associated PKC in the
hippocampus of reserpinized rat brain (10, 11), which is similar to the changes in AD brains
(12, 13). Since morphological studies also indicate monoaminergic dysregulation in AD
brains (14, 15), reserpinized animals seem to be useful model for the study on AD
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pathophysiology. The purpose of the present study is to determine the effect of reserpinization
on the APP processing and to see whether alteration in APP metabolism is topologically
correlated with the redistribution of PKC, which was observed in reserpinized rat brain (10,
11).

Materials and Methods

Reserpinization . In the first experiment, Wistar male rats weighing 200g were reserpinized
by intraperitoneal injection, as previously reported (10). Reserpine was solubilized in acetic
acid and diluted in phosphate-buffered saline containing 7% propylene glycol. Rats were
injected with reserpine (5 mg/kg of body weight) and sacrificed 8 hours later by decapitation
under weak anesthesia with halothane. Control rats received vehicle injections. In the second
experiment, rats had free access to food containing 100 mg reserpine per kilogram (F2,
Funabashi Nojo, Japan). Control rats had free access to the diet without reserpine. After four
weeks of peroral administration, rats were sacrificed in the same manner as in the first
experiment.

Sample preparation . The hippocampus and the striatum were dissected, and stored at -80°C
until use. Forty milligrams of wet weight of dissected tissue was homogenized in 500 p | of
ice-cold phosphate-buffered saline (pH 7.4) with a Teflon-glass, motor-driven homogenizer.
The homogenates were centrifuged at 100,000 g for 30 minutes at 4 °C to obtain membrane
and cytosolic fractions. To avoid nonspecific binding of antibodies against APP, APP and
soluble derivative of APP (APPs) were extracted using the following procedures. The resulting
pellets were rehomogenized in phosphate-buffered saline containing 0.5% Triton X-100 with
a Teflon-glass homogenizer. The homogenates were centrifuged at 100,000 g for 30 minutes
at 4°C, supernatants containing 200 p g of protein were applied to DEAE ion-exchange
chromatography columns (Pharmacia, Sweden), following removal of Triton X-100 by Bio-
Beads SM2 column. The APP was eluted with 0.5M NaCl, and sedimented in ice-cold 10%
trichloroacetic acid by centrifugation at 10,000g for 5 minutes. For the study of APPs in the
cytosolic fractions, samples were applied to the DEAE ion-exchange chromatography column
without prior Triton X-100 treatment.

Gel electrophoresis and Western blotting . The protein concentration in the samples were
determined with a bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, U.S.A.).
Twenty micrograms of protein from each sample was separated by 7.5% SDS-polyacrylamide
gel electrophoresis according to the method of Laemmli (16), and electrophoretically blotted
onto nitrocellulose sheets by the method of Towbin et al. (17). The blots were immersed in
5% skim-milk in Tris-buffered saline (pH 8.3) containing 0.1% Tween 20 (TBS-T) overnight
at 4°C. After washing with TBS-T, the blots were incubated with polyclonal antibodies
against synthetic peptide APP,, ., (NAPP) or APP .. (CAPP) for 1 hour at room temperature.
After a second wash with TBS-T, the blots were incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG (Amersham, Buckinghamshire, UK) for 1 hour at room
temperature. After a third wash, immunoreactive proteins were visualized with an enhanced
chemiluminescence (ECL) system (Amersham, Buckinghamshire, UK). The films were
quantitatively analyzed with a scanning densitometer (Shimazu, CS-9000) at a wavelength of
540 nm.

Results

The specificities of immunoreaction of APP and APPs were examined in cytosolic
and membrane fractions of the homogenate of hippocampus. In the cytosolic fraction, a band
with an apparent molecutar weight of 105 kD was immunolabeled with NAPP, but not with
CAPP. From this result, it was suggested that C-terminal truncated derivative of APP, but
not full-length APP, was the species present in the cytosolic fraction (Fig. 1a). In the membrane
fraction, both of NAPP and CAPP immunolabeled bands with the same molecular weight,
indicating that these molecules were full-length APP (Fig. 1b).
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Fig. 1. Immunoblots of the homogenate of hippocampus from control rat brain.
panel a; cytosolic fraction, b; membrane fraction, immunolabeled with NAPP (lane 1)
preabsorbed NAPP (lane 2) and CAPP (lane 3)

Fig. 2. Immunoblots of the homogenates of hippocampus from control and reserpinized rat
brains, labeled with NAPP.
panel a; cytosolic fraction, b; membrane fraction, C; control rat, R; reserpinized rat

’

Figure 2 shows immunoblots of the cytosolic and the membrane fractions separated
from the combined hippocampus homogenates of five control and five reserpinized rat brains.
In the cytosolic fraction, the intensity of APPs immunoreactivity appeared to be decreased in
the reserpinized rats. Conversely, the intensity of APP immunoreactivity in the membrane
fraction from the same homogenate was increased. In the whole homogenate, no differences
in immunoreactivities of NAPP were observed between control and reserpinized rat brains
(data not shown). To investigate the data statistically, another series of animals were sacrificed
1o obtain hippocampus tissues, which were examined individually. For the study of APP in
the cytosolic fractions, Western blottings were performed in the same manner as for the first
series of animals; however, it was impossible to obtain enough amount of membrane-bound
APP by ion-exchange chromatography from the individual hippocampus samples due to the
relatively small volume of tissue. Therefore, statistical analysis was carried out only for the
study of APPs in the cytosolic fractions. In quantitative analysis of the blots, the decrease of
APPs immunoreactivities in the hippocampus was statistically significant (p<0.05) (Fig. 3
A). To determine whether the alteration in the APP processing was topologically different,
the striatum was also dissected and studied. There was no significant change of APPs
immunoreactivity in the striatum (Fig. 3 A). In the study of chronic reserpinization by peroral
administration, decrease in the immunoreactivity of APPs was also found to be statistically

significant (p<0.05) (Fig.3 B).

Discussion
An invariant feature in AD brain is an abnormal accumulation of A3; however, the
mechanism of aberrant processing of APP which leads to B-amyloidogenesis is unclear.

Successful treatments for the regulation of APP processing invariably involve activation of
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Fig. 3.Quantitative analysis of immunoblots for APPs in the cytosolic fractions,
Rate were reserpinized by single intraperitoneal injection (A) or peroral administration
for 4 weeks (B). Significant decrease of APPs immunoreactivity was observed in the
cytosolic fraction of the hippocampus both experiment (A) and (B). Conversely, no
significant change was observed in the striatum.

PKC in cultured cells by agents including phorbol dibutyrate (4, 6), phorbol ester (5), phorbol
12-myristate 13-acetate (7) and acetylcholine receptor agonist (18). The regulation of APP
processing by PKC activation seems to be important from the viewpoint of pathophysiology
of AD because of the following. First, the increase of the secretion of APPs by PKC activation

is coincident with a decrease of AP production (8, 9). Second, the redistribution of PKC was

observed in the hippocampus and cerebral cortices of AD brains, which are preferential sites
for the deposition of AB (12, 13).

Having noticed that PKC activation leads to the changes of APP processing and AP
production and that PKC distribution is altered in AD brains, the question then arises as to
the mechanism of PKC redistribution in AD brains. In 1990, Kalberg and Sumners found that
adrenergic receptor agonist induces the translocation of PKC from cytosol to membrane in
cultured cells (20). The pivotal role of the monoaminergic system in the regulation of PKC
distribution was also confirmed in our previous studies (10, 11) which demonstrated PKC
redistribution similar to that in AD brains, by reserpinization, which was an effective procedure
for the deprivation of monoamines (21, 22). Together with morphological observations which
showed remarkable neuronal loss in the locus caervleus, the origin of monoaminergic
projections, in AD brains (14, 15), one could speculate that monoaminergic dysregulation
may be the cause of the abnormal redistribution of PKC in AD brains.

The present study is the first report, to our knowledge, of successful regulation of
APP processing in animals. The molecular relationship between the monoamine deprivation
and the alteration of APP processing remains to be determined; however, the topological
correlation between the redistributioin of PKC (10, 11) and the alteration of APP processing
in reserpinized rat brain strongly suggests that PKC is involved in the regulation of APP
processing. Recently, it was reported that the alteration of APP processing by PKC activation
is not due to the direct phosphorylation of APP by PKC because the release of phosphorylation-
site truncated molecule is also enhanced by PKC activation (9, 19). It was also reported that
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phosphorylation of APP which was induced by the activation of PKC occurred on its ectodomain
(9), indicating the involvement of ecto-protein kinase, but not of PKC. Based on this evidence,
it is postulated that activation of PKC causes the phosphorylation of another molecule which
is involved in the regulation of APP processing (9).

Previous in vitro studies have shown that APP is processed via the secretory pathway

or lysosomal-endsomal pathway through reinternalization from cell-surface (23-25); however,

it is still unclear which pathway is involved in the abnormal generation of AP in AD brains.
Since, in the present study, the decrease of APPs in the cytosolic fraction occurred with a
corresponding increase of APP in the membrane fraction, it is suggested that reserpinization
may lead to a decrease in APPs generation through a shift in APP trafficking or an alteration

in a-secretase activity.

It remains to be determined whether generation of AP is accelerated by reserpinization;

however, our model is useful for the study of APP processing which may be topologically
different in brains.
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