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In previous studies we have shown marked changes in the amyloid precursor protein (APP) expression
during the period of synaptic contact formation, indicating an important role of APP in the synaptogenetic process. In the present study we investigated the changes in APP expression during ontogenesis at
protein level in homogenate, membrane and soluble fractions from rat brain in order to obtain further
data on the changes of APP processing/secretion. We also followed up the changes of the content of APP
in skeletal muscle, kidney and liver.
The results show an increased expression of APP during synaptogenesis in brain. In the other
organs a clear tendency of change in the content of APP is observed only in skeletal muscle. The lack of
changes in postnatal development in kidney and liver confirms the hypothesis that the secretion of APP
is a brain/nervous tissue-specific process.
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Introduction
Alzheimer’s disease (AD) is the most common degenerative disease of the human brain
and causes about 50% of dementias. It is generally accepted that APP is the centerpiece of the etiology of AD. APP is an integral membrane glycoprotein and contains
the amino acid sequence of the amyloid beta peptide (Aβ). In the healthy brain APP is
processed by an enzyme called alpha secretase, which cuts within the sequence of Aβ.
As a result a large extracellular portion of APP is secreted into the intercellular space.
There is also an alternative route of degradation via beta and gamma secretases that act
at the ends of Aβ. In the diseased brain the balance between the secretases is disturbed
and increased amounts of intact Aβ are formed, which is available for deposition in the
senile plaques – the basic morphological hallmark of AD. Because senile plaques are
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only observed in the brain, the interest in the metabolizing of APP and the role of its
metabolites in the brain is enormous.
Despite the intensive research there is still no clarity about the physiological role
of APP and its derivatives/metabolites. APP is believed to play the role of receptor
as well as to participate in cell adhesion processes in embryonic tissue. Intact APP
and its secreted forms can participate in cellular growth, cell-cell interactions, neurite
outgrowth, synapse formation and maintenance, neuroprotection, homeostasis, blood
coagulation and interact with receptors (e.g. p75 neurotrophin receptor [3]). APP can
act in gene regulation through the cleaved C-terminal domain which translocates to the
nucleus and activates gene transcription. On the other hand, Aβ has a neurotoxic effect [9] and leads to the loss of synapses [for reviews see 2, 4, 12, 13].
APP is expressed to a considerable extent in peripheral tissues and organs, however, the deposition of Aβ in senile plaques is specific to the brain alone. Very little is
known about the role of APP and its derivatives in peripheral organs.
Interestingly, Maarouf et al. [11] observed that in AD patients there is an abnormal
degradation of APP in the liver and hypothesize that this can contribute to the development of the disease.
In this study we followed up the changes of APP at the protein level in the homogenates, the membrane and soluble fractions prepared from brain, skeletal muscle, liver
and kidney of rats during ontogenesis, starting at embryonic day (ED) 16 through to
postnatal day (PD) 90. A comparative analysis of the results would help to clarify the
role of APP metabolism in the brain and other organs.

Materials and Methods
The monoclonal Anti-APP A4 Antibody, clone 22C11 was purchased from Sigma Aldrich (Merck), Germany. All other reagents were commercial products of highest purity.
Pregnant Wistar rats were sacrificed on ED16. The fetuses were rapidly removed
and brain, skeletal muscle and liver were dissected. For postnatal studies the brain,
skeletal muscle, kidney and liver of Wistar rats at ages 1, 4, 7, 14, 20, 30, 60 and 90PD
were rapidly removed.
The organs were carefully homogenized and the homogenates (H) were centrifuged at 100 000 × g for 1h at 4°C to yield the pelleted membrane fraction (P) and the
soluble fraction (S).
Protein content was estimated by the method of Folin and Lowry as described
earlier [6].
The proteins of the three fractions were separated by sodiumdodecylsulphatepolyacrylamide gel electrophoresis (SDS-PAGE) on 0.75 mm thick 12% slab gels. The
protein load was 15 µg of protein per well. Western blotting and visualization of immunoreactive bands was performed as described [8]. The quantification of grey values
of the immunoreactive bands was performed by densitometric scanning using a computer assisted imaging device and the 1D Image AnalysisSoftware from KODAK –
EDAS 290. We have previously shown that the grey values produced by the visualization of immunoreactive bands are linearly dependent on the amount of protein loaded
on the gel [7]. Electrophoretic separation of H, P and S fractions of the studied organs
derived from different ages were blotted together to allow direct quantitative comparison of the age-related changes of APP levels.
The data represented on the figures are the means of two experiments, each performed in duplicate. The standard deviations did not exceed 15%.
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Results and Discussion
The monoclonal antibody 22C11 employed in this study binds to an epitope in the
N-terminal portion of the APP molecule, i.e. it recognizes both the intact APP molecules as well as the metabolites, obtained as a result of the activity of the proteases
acting at the C-terminal. These comprise the secreted forms of APP which are found
in the soluble fraction.
The changes in the levels of APP, assayed in the homogenates, membrane and
soluble fractions from rat brain during the studied ontogenetic period are shown on
Fig. 1. A clear-cut maximum in all fractions is evident during the period of vigorous synaptogenesis between PD1 and PD14, suggesting an essential role of APP in
the process of targeting and establishing the synaptic contacts. This is accentuated
by an increased secretion of APP metabolites during and after the onset of synaptic
activity.
A comparative analysis of the distribution of protein and APP between the
membrane and soluble fractions is presented on Fig. 2. Following the period of active synaptogenesis the amount of protein in the membrane fraction increases from
some 53% to 72%, while the concentration of APP remains grossly unchanged, reflecting a decrease of APP content as a fraction of membrane protein. On the other
hand the amount of protein in the soluble fraction decreases from some 47% to 38%
and the amount of APP remains almost unchanged, suggesting that after synaptogenesis there is an increase of APP as percentage of the soluble fraction protein content. This is a further indication that the secretion of APP is under neurotransmitter
control, since synapses have now been established and fully functional, confirming
the view that it’s processing is under neurotransmitter control [10].

Fig.1. Age-related changes in APP level in rat brain H, P and S fractions. The data are calculated as
grey values/µg protein and the value at ED16 is taken as 100%. The data are the means of two experiments, each performed in duplicate. The standard deviations did not exceed 15%.
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Fig. 2. Distribution (%) of protein and APP (grey values) between P and S fractions from rat brain
during ontogenesis. The data are the means of two experiments, each performed in duplicate. The
standard deviations did not exceed 15%.

A well-defined change of APP expression during the studied period was observed
in skeletal muscle. After an initial high level of APP in embryonic muscle there is a
decrease towards PD1 (Fig. 3). This change is most probably due to the participation of
APP in the process of formation and consolidation of the neuromuscular junctions [15].
This suggestion is supported by histochemical studies, revealing the abundance of APP
in the cytoplasm of myotubes at 16ED and an ensuing progressive concentration at
the neuromuscular junction at birth [1, 14]. The continuous decline after PD1 to PD14
(Fig. 3) most probably reflects the process of elimination of synapses. At birth nearly
all muscle fibers are polyneuronaly innervated. During the next two weeks the multiple
innervation disappears until each muscle fiber is innervated by only one axon [5].
It has also been suggested that atypical processing of APP plays a role in the etiology of amyotrophic lateral sclerosis, a neurodegenerative muscle disease [16].
Examining the course of APP change in homogenates from kidney and liver we
did not find any pronounced changes during ontogenesis (Fig. 4). The changes of APP
in the membrane and soluble fractions follow the same course as these in homogenate.
From the results shown in this figure it is also evident that APP is expressed to a much
higher extent in the brain as compared to the other organs studied.

Conclusions
On the basis of our findings we can conclude that: a) The expression and procession/secretion of APP in brain during ontogenesis has unique features; b) The secretion
of APP is a brain/nervous tissue-specific process; c) APP is expressed predominantly in
the brain where its concentration exceeds several fold this in the other organs.
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Fig. 3. Developmental changes of APP in H, P and S fractions from skeletal muscle. The data are
calculated as grey values/µg protein and the value at ED16 is taken as 100%. The data are the means
of two experiments, each performed in duplicate. The standard deviations did not exceed 15%.

Fig. 4. Developmental changes of APP in H fractions from rat brain, kidney and liver. The data are
expressed as arbitrary units, calculated on a grey values/µg protein basis.The data are the means of
two experiments, each performed in duplicate. The standard deviations did not exceed 15%.
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