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It is known that heavy metals and especially lead (Pb) are toxic to the organism and particularly to the 
brain. Lead is assumed to participate in the etiology of neurodegenerative diseases including Alzheimer’s 
disease (AD). Little is known about the relationship between Pb and the metabolism of the amyloid 
precursor protein (APP) which is considered to have a key role in this type of dementia. 

In our study we examined the effect of Pb on the secretion of the amyloid precursor protein and 
found that it reduces the secretion in the cerebral hemispheres and cerebellum and had no significant 
effect in the other mice brain regions studied.
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Introduction

Changes in the biological levels of essential metal ions, which regulate the function 
of a number of enzymes, can influence numerous biochemical processes in the body 
[11]. In the brains of persons who suffered from AD a disruption of metal cation 
levels has been reported [10], which is associated with subsequent cognitive loss and 
neurodegeneration. These observations were used by Bush [2] to formulate the “Metals 
hypothesis of AD”, stating that the preservation of metal homeostasis is a critical point 
for neuronal function. 

Wu et al. [14] point out that exposure to heavy metals (such as Pb) during brain 
development affects the metabolism of APP at later stages, and conceivably the 
processes of amyloidogenesis.

Lead has long been known as a toxic metal. It can replace divalent cations and 
affect the concentration of other ions, which are important cofactors of a number of 
enzymes and are also involved in various metabolic processes.

Lead induces oxidative stress by disruption of the defense mechanisms against 
reactive oxygen species (ROS). Furthermore Pb can even at picomolar concentrations 
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replace calcium and affect the sodium ion concentration, thereby affecting vital 
biological activities in the excitatory tissues like cell to cell interactions, thus disrupting 
neuronal communication [4]. 

It has been reported that Pb inhibits APP translation [8] through replacement of 
iron (Fe)-ions in Fe-regulated pathways. On the other side APP is a protein participating 
in the maintenance of Fe homeostasis, regulating its efflux [1, 3, 8]. McCarthy et al. [7] 
proposed that this function is furnished specifically by the secreted APP forms.

The Pb-mediated lowering of APP concentration, and thus the APP-regulated Fe-
efflux, results in raised cytosolic Fe levels which can become toxic due to their catalyzing 
the generation of ROS.  Enhanced APP expression counteracts this process [9].

Bringing about elevation of the intracellular Fe concentration, and thus the 
generation of ROS, Pb has been shown to impair mitochondrial membrane function and 
to influence the calcium balance in this organelle which results in cell death [13]. This 
process has also been termed “ferroptosis” [12].

Data on the direct influence of Pb on APP secretion are scarce in the literature 
which prompted us to address this problem. We found that exposure to Pb decreases 
the secretion of APP in mice cerebral hemispheres and cerebellum, while in the other 
studied areas (forebrain, hindbrain) there was no significant effect detectable.

Materials and Methods

The experimental design for inducing subacute Pb intoxication was developed and 
implemented by Ivanova et al. [5]. The cerebral hemispheres, cerebellum, forebrain and 
hindbrain of experimental animals were dissected and processed as follows.

The tissues were homogenized and membrane-containing and soluble protein fractions 
were prepared by centrifugation for 1 h at 100 000 g at 4ºC. The fractions were subjected 
to dodecylsulfate-polyacrylamide gel electrophoresis on 7% gels. APP was detected 
through immunoblotting with the monoclonal antibody 22C11 (Boehringer Mannheim) and 
visualized with the diaminobenzidine-H2O2 technique. Quantification of the grey values was 
performed by densitometric image analysis using the software package TINA 2.0 (Raytest). 
Results were normalized using actin as internal loading control. 

Results and Discussion

Using the experimental protocol for intoxication with Pb, described by Ivanova et 
al. [5], we studied the effect of Pb on the secretion of APP in cerebral hemispheres, 
cerebellum, forebrain, and hindbrain of the treated mice.

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 
fraction containing the soluble proteins.

To verify the comparison between the studied fractions we used actin for normalizing 
the results. Under ideal circumstances normalization would not be necessary, but factors 
as transfer efficiency and sample loading make this step essential. The amount of actin 
detected allows the correction of deviations in protein content.   
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Representative immunoblot showing the effect of Pb on the secretion of APP in 
the cerebral hemispheres is shown on Fig. 1, and respectively for the effect of Pb on the 
secretion of APP in cerebellum – on Fig. 2.  

Fig. 1. Representative immunoblot showing the effect of lead (Pb) on the APP secretion 
in cerebral hemispheres. 

Fig. 2. Representative immunoblot showing the effect of lead (Pb) on the APP secretion 
in cerebellum.

The numerical quantification of these results is shown on Fig. 3. It can be seen 
that Pb decreases the secretion of APP in the cerebral hemispheres by 10% and in 
cerebellum by 19%. 

We also studied the effect of Pb on the secretion of APP in front brain and hindbrain, 
where we did not find any significant effects of Pb intoxication (data not shown).

In a previous study we have shown that the content of APP in the cortex containing 
structures cerebral hemispheres and cerebellum is much higher as compared to that in 
other brain structures [6] (Fig. 4). It could explain the significant influence of Pb in the 
cerebral hemispheres and cerebellum. 

We also performed immunoblotting with the membrane containing fractions of the 
studied brain regions and found no significant changes in the APP content after the Pb 
treatment (data not shown).

The results of our study show that exposure to Pb leads to decreased secretion of 
APP in the cerebral hemispheres and cerebellum. In accordance with the proposal of 
McCarthy et al. [7] that secreted APP participates in the maintenance of Fe homeostasis, 
regulating its efflux, we can suggest a mechanism of Pb toxicity – Pb decreases APP 
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secretion which results in increased Fe concentration and thus causing a number of 
disturbances in cellular metabolism leading to cell- respectively neurotoxicity. 

The mechanism of the effect of Pb on the secretion of APP evidently needs further 
investigation.

Fig. 3. Numerical quantification of the effect of lead (Pb) on the APP secretion in 
cerebral hemispheres and cerebellum. The data are calculated as grey values/µg 
protein and the value of control is taken as 100%. The data are the means of three 
experiments, each performed in duplicate.

Fig. 4. Expression pattern of APP695 mRNA. Representative autoradiogram 
from sagittal section through 90-day-old rat brain. The figure is part of the data 
presented by Kirazov et al. 2001 [6]. For details please refer this publication.
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