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Introduction

Due to the non-pathogenic nature of Adeno-Associated Virus
(AAV), they have been used as delivery agents for gene therapy.
Glybera was the first AAV (adeno associated virus) based drug
approved by European Medicines Agency (EMA) in the year
2012, followed by FDA approval for Luxturna in 2017. At present,
there are more than 150 ongoing clinical trials based on AAV
mediated gene therapy for a large number of diseases including
viral infections like HIV. Relying upon their efficient gene delivery
property, ease of synthesis, and safe-for-human use, these small
viruses are currently being explored for the therapeutic
interventions using gene editing tools.

Here, we propose a simple method to target SARS-CoV-2 in
ACE2 expressing type-ll lung alveolar cells (ATIl). The proposed
therapeutic model will be based on delivering Cas13a-crRNA via
engineered AAV plasmid gene delivery method, which we have
previously used for gene delivery into neurons [1]. The
engineered AAV2 will be generated by using the Receptor-
binding domain (RBD) of Spike (S) protein of SARS-CoV-2 (Figure
1).
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Figure 1: Schematic representation of various components to
generate spiked AAV2 plasmid.

This engineered AAV2 (spiked AAV2 hereafter) will serve two
purposes:

Prevention of infection, by specific delivery of the Cas13-
crRNA gene product to ACE2 expressing cells and induction of
viral RNA interference.

Vaccination, which will be induced by the RBD of CoV2-S
protein (data from other SARS-CoV viruses). Thus, the proposed
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approach will provide two unique therapeutic interventions
(treatment and prevention) in a single drug product, which has
not been achieved previously.

Following step-wise experimental strategy will be employed to
generate this AAV-Cas13a based drug product.

Experimental Strategy

To design Cas13a-crRNA module to specifically target
the SARS-CoV-2 RNA while sparing the human
genome (no off-targets)

To prevent the propagation of SARS-CoV2 in the affected cells,
an ideal way will be to directly interfere with and degrade the
viral RNA (Figure 2). This interference can be achieved by
expressing the RNA-guided RNases like Casl3, to specifically
recognize the viral RNA, while sparing the human RNA. This
specific recognition of the viral RNA will be achieved by
designing the Crispr RNAs (crRNA) to target essential viral genes,
which in this case will be genes encoding for viral polymerase,
envelope proteins or assembly proteins. Thus, by adopting these
distinct features of Cas13 and crRNA, a vector can be designed
to target SARS-CoV-2 RNA in human lung cells.

/ SARS-CoW-2 EngneeredAN
ol 29,
ACE2

<
Wiral RNA

Cas13-crRNA g’g a b
~
By |

(‘dl\ ACE2
|

assembly /);4/

\
e
.
mm#
A
N J

Figure 2: Schematic representation of the SARS-CoV-2
infection cycle and RNA interference by spiked.
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To generate conditional AAVs for specific expression
of the Cas13a-crRNA module in lung ATII cells

AAV system utilizes commonly used mammalian promoters
(EF-1a, UBC etc.) for the expression of gene of interest. These
promoters are well characterized and exhibit optimal gene
expression. However, the ubiquitous nature of these promoters
does not make them ideal for cell type specific expression,
particularly when expressing the gene editing tools, to avoid off-
targets. To overcome this hurdle, AAVs could be designed to
specifically express the gene of interest in target cells. In lungs,
ACE2 is expressed by ATII cells. These cells are distinguished by
the specific ATIl promotor activity of surfactant protein C (SP-C).
Thus, it will be ideal to utilize the SP-C promoter to design the
AAV backbone which will specifically express the Cas13a-crRNA
module in type-II cells.

To develop spiked AAV2 to specifically target ACE2
expressing lung epithelial cells

Based on our previous experience [1], we propose AAV2
serotype for this strategy, which is also the most abundant and
clinically approved serotype. Spiked AAV2 could be designed to
specifically target and bind to ACE2 expressing cells. This could
be achieved by following two ways:

® SARS-CoV-2 binds to its cognate ACE2 receptor via RBD
(receptor-binding domain) S (spike) protein. In comparison to
other SARS-CoVs, the S protein of nCoV has a very high affinity
for ACE2 [2]. Recent structural and biochemical assays have
identified a smaller region in the S protein (RBD region) which
retains all the functional and target recognition properties.
This region encompasses between 331 to 524 (total 193aa) of
the S protein. To circumvent the problem of large size of S
protein, we propose to insert this RBD domain of nCoV at safe
harbor location (587) of viral capsid protein (VP1) of AAV2 to
generate the chimeric AAV-nCoV. This chimeric protein will
have the receptor binding function of nCoV and gene delivery
components of AAV. Importantly, this chimeric AAV-nCoV will
also act as a vaccine, through inoculation by the S protein. The
RBD from other viruses MERS-CoV [3] is known to induce a
modest immune response and production of antibody
producing memory cells thus behaving as a vaccine. In case
the same person is infected again with the same virus, the
robust secondary response will be provided by the memory
cells to eliminate the pathogen. This dual approach (treatment
and prevention) is unique and has not been achieved
previously.
Currently, we are employing computational methods to model

this chimeric AAV. We are specifically working on simulating the

receptor binding property of VP1-RBD to ACE2 receptor.

e Alternately, the single chain fragment variable (scFv) domain
against ACE2 can be employed to achieve specific targeting.
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Antibodies specific to ACE2 can be generated in-house or
obtained from commercial sources followed by sequencing.
The sequences corresponding to the variable light and heavy
chain domains could be obtained and joined by a universal
linker to obtain the functional scFv. The scFv region will be
subsequently inserted to VP1 to obtain the VP1-scFv protein
with specific recognition to ACE2 expressing cells. This
approach will be alternate to the above strategy. However, this
alternate approach will be applicable only for treatment
purpose and not for vaccination [4-6].

Conclusion

One such intervention can employ targeted therapy using
RNA interference approach. Recent advances in CRISPR-Cas
system have led to the discovery of elegant RNA-dependent
RNA-targeted nucleases, Casl3a and Casl13d, belonging to the
Type VI CRISPR-Cas system. Cas13-CRISPR-RNA complex could be
an ideal tool to interfere with viral RNA and hence prevent/treat
the infection. The major hurdle to translate this strategy lies in
the ability to deliver the complex to the specific tissue infected
by the virus. In this case, the infected cells are angiotensin
converting enzyme Il (ACE2)-expressing type-Il lung alveolar cells
(SARS-CoV-2 enters the cells via ACE2 receptor).
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