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THESIS SUBJECT: The role of Unfolded Protein Response in Down syndrome neuropathology: new therapeutic strategy
During my 1st PhD year, I focused my attention to carry-out my main PhD project concerning the role of the unfolded protein response (UPR) in the development of Alzheimer-like dementia in Down Syndrome (DS) patient. In parallel,  I contributed to the completion of an ongoing project based on the use of a selective mTOR inhibitor, rapamycin, to mitigate the effects of altered mTOR/autophagy axis in DS neuropathology1. Since rapamycin, given by oral or intraperitoneal administration (IP), could gain adverse effects at periphery, my job was to assess the distribution of intranasal delivered rapamycin (InRapa) throughout CNS and peripheral organs by using UPLC-MS. 
INTRODUCTION
DS is the most common chromosomal disorder connected with intellectual disability. This genetic condition exposes affected individuals to an increased risk of developing Alzheimer’s disease-like dementia due to triplication of several genes encoded on Chromosome 21 which are involved in the accumulation of β-amyloid plaques and tau tangles2. 
In Alzheimer’s disease (AD), increased levels of unfolded/misfolded proteins within the endoplasmic reticulum (ER) generate an aberrant condition known as “ER stress”. Cells counteract this stressful state by giving rise to a group of signaling pathways named “Unfolded Protein Response”, whose main purposes are to temporarily down-regulate protein synthesis rate and to improve folding control. The Protein Kinase R-like ER Kinase (PERK) pathway is one of three major branches in the UPR which coordinate this adaptive response, however its prolonged activation has been correlated with synaptic failure and progressive neuronal loss. Recently a selective and potent PERK inhibitor (GSK2606414) has been synthetized as a potential pharmacological therapy to prevent UPR-mediated neurotoxicity3. 
In our hypothesis we presume that UPR could have a key role in the genesis of AD-like dementia in DS subjects. Furthermore, we want to investigate a possible therapeutic strategy based on the intranasal administration of GSK2606414 in a well-known animal model for DS (Ts2Cje mice). Our main goal is to modulate PERK pathway with a non-invasive treatment able to counteract the onset of AD-like dementia.


[bookmark: _GoBack]METHODS
Project 1
For the quantification of Rapamycin in brain and plasma samples we used UPLC-MS analysis. Plasma and homogenate brains were purified using an OstroTM Pass-through Sample Preparation Plate. The eluted solutions were dried at low temperature using a SpeedVac and the solid residue was suspended in water/acetonitrile (20:80) to solubilize Rapamycin. Chromatographic determination and quantification of Rapamycin were performed using a Waters ACQUITY H-Class UPLC system.
Project 2
DS, DS with AD pathology (DSAD), and age-matched young (CtrY) and old (CtrO) control cases (n=7 per group) were used to evaluate the UPR state in human frontal cortex. Proteins of interest were analyzed by Western Blot technique. Moreover, Ts2Cje mice were used as a predictive model of the disease. Primarily a dose-response treatment was performed on 6 months Ts2Cje mice by intranasal administration of GSK2606414 at increasing doses. Subsequently Ts2Cje mice and Euploid were administered with intranasal GSK2606414 and Vehicle (saline with 1% DMSO). Each group of animals (n=6) was treated once per day for 5 days with the efficient dose of 1 μg GSK2606414 or with Vehicle. Changes in protein levels were detected by Western Blot and Slot Blot technique.

RESULTS AND DISCUSSION
Project 1
My analysis demonstrated that intranasal administration led to the accumulation of rapamycin into CNS, as expected, rather than peripheral organs, supporting the value of the delivery protocol employed.
Project 2 
Protein analysis of human frontal cortex of DS subjects revealed a general activation of the three main ER stress sensors responsible for UPR signaling pathways: IRE1α, ATF6 and PERK. Moreover, a consistent activation in the PERK cascade was detected in DS at an early stage of disease. Activated PERK is responsible for the phosphorylation of its downstream target eif2α, which resulted hyperactivated in both DS and DSAD state, proving a persistent attenuation of protein translation. Furthermore, long-term UPR activation resulted in a significant increase in ATF4 protein expression in DS, which exacerbated in DSAD individuals. Progressive rise of PERK-ATF4 pathway is the leading process inducing pro-apoptotic proteins such as CHOP, which as expected resulted increased in DSAD. Current data suggest an early involvement of the PERK pathway in progression of AD-like dementia in DS. 
Subsequent studies on Ts2Cje mice confirmed 6 months animals as a proper model to evaluate the role of UPR in DS, since PERK and its direct target eif2α resulted overactivated compared to Euploid.  Although the efficacy of orally administrated GSK2606414 was already demonstrated by Moreno et al.5, our dose-response study demonstrated for the first time the ability of this drug to target PERK protein in CNS at the low dose of 1 μg. Treated Ts2Cje showed a reduction in p-PERK/PERK ratio which was  able to restore eif2α activity to physiological levels. Moreover, Slot Blot analysis revealed the ability of this treatment to reduce oxidative stress in Ts2Cje mice, reducing different markers of protein oxidation, such as 4-hydroxy-2-trans-nonenal (HNE) adducts and protein-bound 3-nitrotyrosine (3NT). However further studies are needed to understand the mechanisms underlying the effects of PERK inhibition in DS neuropathology.
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