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Context of the project (Number of characters, including spaces: max 600):
The aim of this project is to study the therapeutic effects of antiviral antisense oligonucleotides targeting SARSCoV-2, previously predicted computationally, that will be tested in vivo using an infection-sensitive mouse
model.

Experimental hypothesis (Number of characters, including spaces: max 600):
By designing antisense oligonucleotides (ASOs) targeting the SARS-CoV-2 genome, we should be able to alter
and/or block viral replication and spread.

Objectives (Number of characters, including spaces: max 600):
Objective 1: Design ASOs that modulate the expression of SARS-CoV-2 messenger RNA and/or are capable of
inducing the degradation of specific genomic elements important for the replication phase of the virus
Objective 2: Test the effectiveness of ASOs in in vitro models

Objective 3: Test the efficacy of ASOs in the hyACE2 mouse model we have previously developed
Study Design (Number of characters, including spaces: 2.000 - 3.000):
FOR CLINICAL PROJECT ONLY, specify:

1.Observational (prospective, cross-sectional, or retrospective) OR- Interventional (and, if a drug will be used, indicate the
Phase (I, II, III, or IV)

2.If a drug will be used, specify whether it has the marketing authorization

(Autorizzazione In Commercio (AIC)), whether it will be used according to the AIC, or if it does not have the AIC.

3.If the study is not of a drug, please specify what will be studied (eg. Medical device, surgical procedure, diagnostic

procedure, dietary supplement, etc.). If the study will use a medical device, specify: if it has the CE marking (marcatura

CE) or it does not have the CE marking. If it has the CE marking, indicate whether it will be used according to the
approved use or for a new use.

Task 1:

We will design a maximum of 5 antisense oligonucleotides that effectively hybridize with the target sequences
and activate degradation mediated by the host's RNAse H enzyme.
Task 2:

The selected ASO sequences will be tested in vitro in the HEK-293T cell line expressing hyACE2 and a

fluorescent protein (GFP). GFP-encoding DNA will be engineered to express non-coding domains of SARSCoV-2 containing the unstructured regions recognized by ASOs. The effectiveness of the latter will be
evaluated by flow cytometry and real-time PCR.
Task 3:
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To determine if ASOs successfully and efficiently modulate the expression of target regions we will utilize our

hyACE2 mouse model of post infection SARS-CoV-2 (one strain isolated from San Raffaele and one in China).

The hyACE2 mouse allows viral replication and is a model for COVID-19 disease in paucisymptomatic patients.
We will measure by Rt-PCR the number of viral genomes in the lung and other tissues at the peak of the
disease (day 3).

For this purpose, 2 groups of mice (20 mice per group) will be selected for the experiment and divided into
treated and control groups according to the following experimental scheme:
1) hyACE2 mice treated with ASO control (scrambled)
2) ASO-treated hyACE2 mice selected in (2)

Project description (Number of characters, including spaces: 2.000 - 3.000):
The COVID-19 pandemic has posed a significant burden to social, societal, as well as economic structures,
globally [1]. Even today, many countries are facing new waves of contagion and the number of infections is
increasing again. The ability of coronaviruses to evolve rapidly and adapt has caused the spread of more

contagious variants capable in some cases of partially evading immunity, mediated by vaccines and antibodies
[2]. The development of new effective and non-invasive therapeutic approaches could complement current
vaccine campaign efforts, both in the short and long term.

Based on in silico models of the interaction between specific residues of the SARS-CoV-2 Spike protein and

the human ACE2 receptor, encoded on exon II, III and IX of the gene, our team generated a knock-in mouse

susceptible to viral infection (hyACE2 mice). In particular, murine exons II and III were replaced with equivalent
human exons, leaving 99.5% of the original gene sequence intact, including regulatory elements.

The expression of the hybrid gene is measurable in the lungs, therefore hyACE2 mice are permissive to

infection after intra-nasal administration of SARS-CoV-2, recapitulating the dynamics of infection in humans. In
addition, the virus manages to replicate and remains in the mouse for about a week. This makes the model
suitable for studying possible therapeutic approaches to counteract infection and its replication.

Based on a recently published study on the structural conformation of the SARS-CoV-2 genome [3], we have
identified a subset of regulatory sequences potentially important for the replication cycle of the virus. These
sequences show a high degree of “co-variation” between different coronavirus strains and display a singlestranded structure with little or no structural domains. This makes them ideal targets for antisense

oligonucleotides (ASOs) that can induce efficient degradation of target RNAs. This project involves the

therapeutic treatment of hyACE2 mice with LNA-ASOs, after infection with SARS-CoV-2. Both the effectiveness
and the possible side effects of the treatment will be evaluated.

LNA-ASOs are particularly stable and can be easily modified to recognize different target regions of the virus.
They are also relatively low-cost, so they would be of particular relevance in cases where the availability of
vaccines is limited.

Method and models (Number of characters, including spaces: max 600):
FOR CLINICAL PROJECT ONLY, specify:

1.whether or not subjects (patients and/or healthy volunteers) will be recruited

2.whether or not human samples will be collected from subjects (patients and/or healthy volunteers)
3.whether or not human samples will be stored in a Biobank (and specify which Biobank)

4.whether or not the human samples are already stored and available in a Biobank (specify which Biobank)

5.whether or not any human samples or data will be collected in addition to those already included in the routine standard
of care? (specify the kind of samples/data and the quantity and timeline)
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6.whether or not any procedures will be required in addition to those already included in the routine standard of care? (eg.
Visits, laboratory exams, clinical/instrumental exams). Specify the additional procedures and the quantity and timeline).

HyACE2 mice were generated by genetically modifying ES cells via the CRISPR/ AS9 system and subsequent
homologous recombination of a donor fragment carrying the mouse-human hybrid sequence.

ASOs for the treatment of infected hyACE2 mice will be designed on poorly structured regions of the viral

genome and chemically modified to increase stability (LNA). Sequences poor in CpG motifs will be selected
when possible, to reduce their immunogenicity; alternatively, the cytosines present will be replaced with 5methyl cytosine, which has been show to greatly reduce immunostimulation.

Role of the PhD student (Number of characters, including spaces: max 600):
From the experimental point of view, the PhD student will mainly deal with testing the therapeutic effect of
ASOs in modulating the replication of SARS-Cov-2 both in vitro and in vivo (Objective I and II).
Skills to be acquired by the student (Number of characters, including spaces: max 600):
The PhD student will acquire skills in managing and manipulating the mouse model, alongside basic cellular

and molecular biology skills, such as; cell culture, transfection, RNA extraction, real time PCR and basic flow
cytometry.

The student will also acquire basic skills on the biomolecular and bioinformatics principles underlying the
design and selection of the ASOs to be tested.

Impact of the expected results in the field of research (Number of characters, including spaces: max 600):
By combining the use of a mouse model sensitive to SARS-CoV-2 with ASOs-based technology, this study
could pave the way for new therapeutic approaches to counteract SARS-CoV-2 infections.

Furthermore, the data gathered has the potential to generate a map of viral replication-related sequences.
In case of clinical research, insert time line for the “Comitato Etico” approval process.
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