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Background

= The omieron variant of $ARS-Cov-2 has altered the COVID-19 pandemic landscape,

« Cmicron's increased fransmission and ability to evade natural or vaceine-induced mmunity
developed against earlier variants is a strong reminder of the power of viral evolution.
Therapies with potential for multi- t area key of affactive pandemic
management
ENSOVIBEP is & first-in-class anti-SARS-CoV-2 DARPIn {Designad Ankyrin Repeat Protein)
therapeutic candidate that uses three distinct DARPIn domains (R1, R2, R3) with similar paratopes.
to cooperatively bind to different ragions of the receptar binding domain (RBD} of the SARS-CoV-2
=pike protein trimer, thereby preventing interaction with the host ACE2 recaptor
The mukti-specific binding of the RED binding BARPIN modules limits the impact of spike protein
mutations on antiviral potency {Figure 1)

Figure 1. Giobal frequencies of point mutations in the spike protein of SARS-CoV:2 according to the
‘GISAID database, including & heat map table with ICy values for ensovibep. R1, R2, RA, for all paint
mutations tested.
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= Depletion based on sructural data shewing ensovibep RED binding DARPR domaing (green, blue,
Gyan) binding 1o the RBD of the SARS-CoV-2 spike protein trimer. The two addiicnal DARPIn
demains (purple} bind to human sarum albumin {HSA, nat shown for slarity] to provide hatlife
extension (Figure 2}

* e present hers data supporting the multivariant potency of ensovibep.

Figure 2. Ensovibep bound to the SARS-Cov-2 spike protein.
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Methods

» The VSV pssudotype viral system (CHUY) wes besed an the recombinant VSV DELG-
Luc vctar in which the gycoprotein gens (G) was delated and repiaced with genes
encading green fluorescent protein and luciferase, Wid-ype spike was based o the
Wihan-Hu-1 sequence. Pseudoviruses were mixed with senal ditutions of ansovibep
and pre-incubated for 80 min at 37C before adding lo pre-seeded VerER cels. Afler
50 min incubation, the inocLum was remoued, fresh medium was added, and cels were
furthes incubated for 16 h, Calls were lysed according 1o the ONE-Gio ™ lucifersse assay
system, Ralative light units were measursd and 1Czo valuns wor caloulated usng nan-
linear regression. Additional details can be found in Rothenberger et al 2022
Lentivinus peaudovirizsas (ACTIVIFDA) bearing the spice protains and carrying @
frefly luciferase reporter gene were produced in 2037 calls by oo-tranafectan of
PEMVDELRS.2, pHR'CMVLus and pCONAS.1(+)-epike vananis. Wiki-type solke wee
based an the Wuhan-Hu-1 sequence. Pseudauiruses viere pre-incubated with serisfly
ditted ensovibep for 2 hat 37°G before adding to pre-seeded 233T-ACEZ TMPRSS2s
cells. Pseudauirus infection was scored 48 h ater by measuring luciferase activity, and
Coes ware calouiated using non-linear regression. Additonal details can ba found in
Mearukonda et 5l 2021
Live autheniic virus aseay (Spiez Laboratory): Wik-type vius was a French isclate wih
the fallowng changes compared with Wuhan-Hu-1. V3STF, ESS0A. Senal dikitons of
enzoiibiep were pre-incusted with 100 TCID.0 SARS-CoV-2 varianis for | hat 57°C
before 36ding 1o pre-seeded VeroES- TMPRSSZ cells, After 3 day incubation, cel vissility
was measwed using CallTaer-Glo. Luminescence was measured and ICx values ware:
calculated using nan-inear regression. Additional datails can be found in Rothenberger et
al 2022
Live spike chimeric reporter viruses (UTME] were consirupted on the genetic background
of an infectious cONA chne derived from clitecal strain WAT [2018-nCoVUSA_
VUA12020) cortsining & mhleoGreen (mNG) reparier gene, and spike mutations were
engineered using a PCR-based mutagenesis protocol. The fuiklength genomic cDMAs
were: In viro kgaled, Iranscrived, and electraparated inta VerES cells, and mutant
viruges wera recavered 3 days after elecirogaration. Mutam vnuses were pre-incubated
with seriel dilions of ensevitvep for 1 h 81 37°C before adding lo pre-seeded Vero
E6.TMPRES2 cells. Aler 1 b infection, the inaculum was remaved and replaced with
aueday medium (DMEM with O 8% melhylceSulose, 2% FBS, and 1% PIS). Aler 16 h
raw images of mNG fluorescent foci ware acquired, fosi were counted, and |Cus wes
dessrmined wsing non-inear regression. Addrional datails can be found In Zou et al 2022,

Results

+ Motably, ensowibep potency (IC.) against all tested variants remains in the
range of 1-10 ng/mL less than &n erder of magnitude difterence from the
referencefuhan WT virus (Figure 3) (Rothenberger et al 2022).

Figure 3. Ensovibep activity measured in neutralization assays performed with

lentivirus, VSV-based pseudoviruses or authentic viruses for the SARS-CoV-2

variants of concern and variants of Interest.
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Ensovibep was tested together with a panel of clinically relevant monaclonal antibodies {Figure 4)
Figure 4. Neutralization activities {iitration curves and IC;0) of ensavibep and menoclonal antibodies.
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= A10-10 40-fold increase in 1G5, was seen for each indvidual DARPIN (R1, R2, R3), however the multj-

specific ensovibep contalning all three RBD binding domains retained potency against BA.1 (Figure 5}
Figure 8. Titration curves and I€., valies of individual ensovibep DARPin modules against wild-type and BA.1
variant of SARS-CoV-2 in VSV-pseudotype neutralization assay.
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Ensovibep maintalned s potency against omicran BA.Z, as seen from the tiiration curves and ICy values
(Figure 6}

Figure 6. Ensovibep activity against SARS-CoV-2 wild type (Wuhan-Hu-1) and omicron BA.2 variant in VSV.
pseudotype neutralization assay.
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SARS-CoV-2 Omicron And Multi-variant Neutralization Activity Of Ensovibep: A DARPiIn Therapeutic Candidate For Treatment Of Covid
Charles G. Knutson, Novartis Institutes for BioMedical Research, Cambridge, MA, USA

Ramanathan®, O. Engler*, M. T. Stumpp?

Flgure 7, Ensovibep activity against wild-type and omicron variants using live spike chimeric reporter virus,
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+ BA4 and BA 5 share the same spike sequence. 5o one experiment was performed fo represent both viruses.

« Titration curves and s values for ensovibep against SARS-Col-2 wild-type (Wi-1) and omcron BA.2,
BAZ BAZ 121, BA 4S5 and delta varants showing potency is maintained against all variants assessed
with the exception of BA 415 (Figure T)

* BA4/S sub-lineages of the omicron variant have a F486' mutation that reduces binding of the RED binding
DARPIn domains, which s consistent with prior results from RED mutstional analysis in pseudovinus
systems (Figure 1)

Conclusions

* The neutralization potency of ansavibep is maintained across SARS-CoV-2 variants, including BA 1,
BA2 and BA 2121, and BA.3 of the omicron sub-lineages.
Areduction in neutralization petency was observed with emicron sub-ineages BA 4/5, which is likely
aftributed to the F4BEV mutation present in this vanant. The global incidences of BA.4 and BA S Is low
{<5%), with the exception of South Africa and Portugal The potential for BA 4 and BA S o increase in
incidence is currently unknown.
These findings highlight the multi-specific and binding of ensovitep, which
was dﬂlgneﬂ with the intent to develop & durable treatment that could continue to bind to the spike
[proten of 3 rapidly evoling virus.

* Ensovibep continues to be investigated in clinical trials.
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