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Alzheimer’s Disease (AD), one of the most common forms of senile dementia, is a progressive neurodegenerative disorder affecting almost 10% of people over 65 years of age. AD is characterized by a global cognitive decline accompanied at the histological level by the accumulation of amyloid  (A) and neurofibrillary tangles in the brain. As in most of the neurodegenerative diseases, also in AD familial and non familial forms have been identified. The latter are defined as “sporadic”, although growing evidences suggest an influence of genetic factors in AD pathogenesis. 

The first patho-physiological events leading to AD are still unknown, but several hypothesis have been proposed. 

One hypothesis suggests a role of Tau protein in AD etiogenesis. Tau protein, which is normally associated to microtubules, is an important component of neurofibrillary tangles. When hyperphosphorylated, Tau protein aggregates, thus forming paired helical filaments (PHF) that accumulate in neurons as neurofibrillary tangles. Neurofibrillary tangles may interfere with neuronal functions by impairing axonal transport. Moreover Tau hyperphosphorylation destabilizes microtubules, thus leading to cytoskeleton damaging and neuronal death.

Another hypothesis for AD etiogenesis is based on the observation that in early stages of the disease neurons using acetylcholine (Ach) as a neurotransmitter are damaged. In several AD patients the level of the synthetic enzyme of Ach, Choline Acetyl Transferase (CAT), are reduced, thus leading to a defect in the cholinergic function. This loss of function is also correlated with the deposition of  Amyloid  peptide, that has been shown playing a critical role in AD.  

Recent and growing evidences support a genetic hypothesis of AD. Amyloid Precursor Protein (APP), Presenilin 1 and 2 (PS1, PS2) have been identified as some of the genes involved in AD. Missense mutations of these genes are related to an increase of Aproduction and in susceptibility of neuronal cells to apoptosis.

Another gene, apolipoprotein 4 (ApoE-4), has been recently associated to an augmented risk to develop late-onset AD. Apolipoproteins are lipid carrier molecules that play a significant role in the regulation of lipid metabolism in CNS. ApoE is the most expressed isoform in the brain. It was shown that the number of ApoE-4 allele correlates with an earlier onset of AD and with an increased density of senile plaques.

The most common feature of AD is the progressive deposition of the A peptides in senile plaques. In normal healthy individuals, A peptides are present only in small quantities as soluble monomers that circulate in cerebrospinal fluid and blood. In AD patients, on the contrary, their levels are significantly increased, thus leading to A accumulation as insoluble, fibrillar plaques. This observation led to the formulation of APP hypothesis. APP is a transmembrane protein normally expressed in the brain that can be processed by 2 different pathways. The amyloidogenic pathway consists in the cleavage of APP between residues Met671 and Asp672 by a -secretase, yielding to AAPand C99 fragments. C99 fragments are processed by a secretase and further cut into amyloid peptides 

A accumulates in neurons and forms insoluble aggregates, so called senile plaques, that represent the major hallmark of AD. 

APP can also be processed by -secretases that cleave the protein within the A domain between Lys687 and Leu688 , thus producing a large soluble APP domain and a C-terminal fragment containing P3 and C83. APP fragment are then cleaved by -secretase at residue 711 or 713 with the following release of P3 fragment. This last pathway, called amyloidogenic, does not yield A peptide. Hence, shunting APP towards the -secretase pathway may be beneficial in lowering A peptide levels.

In fact, most of the recent studies on new therapies for AD are focused on the production of -secretase enhancers. TNF Alpha Convertase Enzyme (TACE) is one of the most important -secretases. It belongs to the ADAM family protein (A Disintegrin And Metalloproteinase) and besides its role as an  -secretase, TACE is responsible for the shedding of cytochines and chemokines as TNF-, TGF-, L-selectin, p75 and p55, TNF receptors, IL-1R2.

Enhancing TACE activity might be a way to reduce A plaques deposition. However, since TACE is involved in other crucial pathways for cell survival, the effects of TACE’s up-regulation in vivo need to be explored. Animal models for TACE over-expression can be obtained either by creating transgenic mice for TACE or by knocking out genes encoding TACE inhibitors.

Following the second strategy, we generated a KO mouse for a TACE inhibitor, a protein- phosphatase . In this KO mouse, a LacZ-Neo cassette replaced the coding sequence of this PP.
Based on this in vitro evidences we hypothesized that inhibiting this particular PP activity in vivo may stimulate -secretase cleavage of APP, thus reducing A formation in mice brains. 

PP is indeed expressed in the mouse brain in thalamic areas connected to the cortex. In house data obtained through LacZ staining on PP heterozygous mice confirmed its expression in cerebellum, cerebral cortex, thalamus and hippocampus. Interestingly histological alterations in those areas were found in brains of AD patients.

The aim of this PhD project is to unravel the role of a particular PP in Alzheimer’s disease and to provide indications of PP inhibitors application in AD.

PP-KO mice will be used in this context as a genetic model of PP silencing in vivo and the experimental activities will focus on the characterization in vivo and in vitro, through mouse primary cell cultures, of this model. Particularly, in vitro characterization will be aimed at confirming through cell-based assays the role of this PP as a TACE inhibitor. In vivo characterization of PP mice will consist in a preliminary basic phenotyping of the mice at the developmental (embryos) and behavioral (adult) level, followed by an in-depth characterization in diseased conditions, after appropriate challenges to induce AD-like disease. The suitable panel of assays for the full characterization of PP-KO mice, including the most appropriate challenge to induce AD-like disease and the best read-outs, will be defined on the basis of the results of experimental activity the first year of PhD. 

The experimental plan for the first year of PhD has been divided in three parts.

The first part will focus on PP-TACE interaction and will include in vitro studies on brain-derived cell cultures of PP-KO mice and WT controls.

PP and TACE levels will be assessed by mRNA and protein quantification through RT-PCR and western blot, respectively. Proteins localization inside the cells will be identified through immunocytochemistry.

TACE activity in PP and WT cells will be measured through APP-cleavage and TNFa shedding in vitro.

Since in AD neuronal death caused by glutamate, reactive oxygen species and nitric oxide plays a crucial role for the progression of the disease, cytotoxicity induced by those agents will be measured in primary brain-derived cells. These preliminary results in vitro will allow to chose the most appropriate challenges to apply in vivo to trigger neuronal death in mice brains.

Being PP KO a novel mouse model, as anticipated, a part of the experimental plan for the first year of PhD will focus on primary phenotyping.

We have indications that this PP might play a role in growth  and in fact its expression was detected through LacZ staining in muscles and different epithelia of Het mice (in house data). To assess whether PP KO mice undergo a normal developmental process embryos will be collected at different stages. The onset and the pattern of expression of the PP of interest will be examined through LacZ staining in PP-KO embryos and through immunohistochemistry in WT embryos. Patterns of expression of TACE and APP will be evaluated through immunohistochemistry and correlated to PP levels.

Moreover, general development of embryos at the histological level will be followed by eosin-hematoxilin and cresyl violet stainings.

The third and last part of the experimental activity of the first year of PhD will focus on basic phenotyping of PP-KO mice at the behavioral level. Behavioral tests will be performed to assess congnitive and motor functions in PP mice in baseline conditions, i.e. in absence of challenges, in order to uncover any possible effect of this PP knocking down in vivo.

The screening platform will include behavioral tests for locomotion and cohordination (open field and accelerated rotarod), tests for cognition (water maze and Y maze) and tests for stress reaction (elevated plus maze). Moreover mice will be tested for the susceptibility to neuro-toxic drugs, as pentylene-tetrazole that induces epileptic-like seizures. 

Histology of the brains, immunohistochemistry for PP, TACE and APP, as well as mRNA and proteins quantification will complete the phenotyping screening, thus allowing to correlate in vivo results to changes at the molecular level. 
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