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In April 2022, I was awarded a scholarship by the C.M. Lerici Foundation and got the chance 
to spend four months at the CNS Gene Therapy group at Lund University to carry out my 
research project “Validating CRISPRa to treat neurodegenerative diseases”.  
 
 

Alzheimer's Disease (AD) is a devastating neurodegenerative disease that is steadily rising in 

Europe. Progressive cognitive impairment and memory loss are the most renowned and glaring 

traits of the disease and appear when the disease is already in an advanced state. Currently, the 

only therapeutical approaches available consist of symptomatic treatments which are not able 

to prevent or halt disease progression and will eventually decrease in efficacy. Therefore, there 

is a clear need for new therapies that can effectively treat AD patients.  

AD aetiology and pathogenesis are still partially unknown, rendering diagnosis and prognosis 

even more challenging. Amyloid plaques and neurofibrillary tangles (NFTs) define AD 

histopathology, respectively consisting of aggregates of β-amyloid (Aβ) peptides and hyper-

phosphorylated tau (pTau) protein. Together these two distinctive traits account for the two 

major hypothesis behind AD pathology: amyloid pathology and tau pathology. 

In the past decades, engineered viral vectors have been proven to be capable of targeting non 

dividing cells thus proposing gene therapy as a new potential approach for the treatment of 

neurodegenerative diseases. Adding to the potential of gene therapy, in recent years, CRISPR-

Cas9 technology also came forward as a promising tool for genetic engineering, allowing 

targeted editing and fine gene expression modulation. 

The CNS Gene Therapy group at Lund University is developing a cutting edge gene therapy 

CRISPR activation (CRISPRa) approach to engineer brain cells, enabling the targeted 

activation of multiple therapeutic proteins with an impact on both amyloid and tau pathology. 

This innovative approach has the potential for the first time to clear the toxic protein build up 

in cells while at the same time restoring normal brain function.  

In 2021, I conducted my master thesis project at the CNS Gene Therapy group. The aim of my 

thesis project was to combine the efficacy of recombinant viral vectors in delivering gene 

products with a CRISPRa system to specifically activate the transcription of the 

neuroprotective gene A Disintegrin And Metalloprotease 17 (ADAM17), one of the initial 

therapeutic gene candidates for this approach. ADAM17 is an essential α-secretase involved in 



the non-amyloidogenic processing of the β-amyloid precursor protein (APP). Our hypothesis 

is that ADAM17 overexpression could prevent the formation of neurotoxic Aβ while at the 

same time producing neurotrophic and neuroprotective soluble APPα (sAPPα) peptides. In 

other words, the upregulation of α-secretase activity could switch the production from harmful 

Aβ oligomers towards benign sAPPα fragments therefore tackling Aβ pathology while 

providing trophic support to the affected areas of the brain.  

During my ten months thesis project I was able to collect promising preliminary data. I was 

able to induce endogenous activation of ADAM17 in vitro combining a lentiviral-mediated 

delivery system together with CRISPRa technology. I also designed and setup functional 

experiments to follow up after my internship period.  

Due to the scholarship award from the C.M. Lerici Foundation I had the chance to come back 

and finally put my experimental design into motion. I started from where I had left off, 

extensively implementing and optimizing the design. The aim was to test if activation of 

ADAM17 can have therapeutic effects in cell models of AD. To achieve this, I created the 

necessary components to setup new cell models expressing APP. In particular, second-

generation recombinant lentiviral vectors (rLVs) expressing wild type APP (APPwt) and a 

mutated form of APP presenting the Swedish mutation (APPswe) were generated together with 

LVs expressing ADAM17 and the previously validated single guides RNA (sgRNAs) targeting 

ADAM17. The effect of the APPswe mutation alone can cause AD as it renders APP more 

accessible for amyloidogenic cleavage resulting in higher production of aggregation-prone, 

toxic Aβ-40 and Aβ-42 peptides. To this extent, LV vectors expressing APPswe were used to 

setup cell models of AD. The functional validation aimed at detecting levels of sAPP in cell 

media of cells co-transduced with the CRISPRa components together with LVs expressing 

APPwt or APPswe. The experiment was designed to be conducted in NIH-3T3 mouse 

embryonic fibroblasts.  

Once the project was refined, I started with the validation of the positive control in order to 

define optimal experimental conditions. NIH-3T3 cells were co-transduced with LVs 

expressing APPwt and ADAM17. Then cell media and cell extract were collected and 

processed for Western Blot analysis to detect levels of sAPP in the media and membrane 

ADAM17. Analysis showed that NIH-3T3 cells already express high levels of ADAM17, 

therefore ADAM17 overexpression did not induce significant differences in APP processing.  

At that point, it was clear that NIH-3T3 cells were not a suitable model for ADAM17 CRISPRa.  



The next step was to identify a new model to test the functionality of ADAM17 transcriptional 

activation, ideally a cell model expressing low levels of ADAM17. Therefore, ADAM17 

protein levels were quantified in several cell lines and brain tissue samples representing brain 

regions most affected by AD. Western Blot analysis showed that ADAM17 is expressed at high 

levels in NIH3T3, C6 glioma cells and HEK293T cells. On the contrary, ADAM17 protein 

expression in primary neurons and in all the brain tissue samples was low to none. Altogether, 

these results suggested that primary neurons are a better model for the functional validation of 

ADAM17 CRISPRa in vitro. 

Overall, these four months were essential to refine and setup the next experimental steps and 

to finally identify a suitable cell model to validate ADAM17 activation as a potential new 

therapy for AD. The data collected shows the great potential of the designed therapeutical 

approach as a promising, ambitious strategy for further development. 

I would like to thank the CNS Gene Therapy group for giving me once again a chance to grow 

and learn.  

I am beyond grateful to the Lerici Foundation for giving me this opportunity and for supporting 

young scientists like me through their professional and personal growth. 

 

 


	C.M. Lerici Foundation Scholarship 2022 – Final report
	May 2022 – September 2022
	Ermelinda Sabarese

