I *I Innovation, Sciences et Innovation, Science and CA 3235310 A1 2023/05/04
Développement économique Canada Economic Development Canada
ey 3 235 310

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépét PCT/PCT Filing Date: 2022/07/20 (51) CLInt./Int.Cl. CO7K 16/10 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2023/05/04 AG61P 31/14 (2006.01)
(85) Entrée phase nationale/National Entry: 2024/04/17 (71) Demandeur/Applicant:

OSPEDALE SAN RAFFAELE SR.L., IT
(86) N° demande PCT/PCT Application No.: IB 2022/056706
(72) Inventeurs/Inventors:

(87) N° publication PCT/PCT Publication No.: 2023/073441 MANCINI, NICASIO, IT;

(30) Priorité/Priority: 2021/10/29 (EP21205626.1) CLEMENTI, NICOLA, IT;
CLEMENTI, MASSIMO, IT;

CRISCUOLO, ELENA, IT;

SISTI, SOFIA, IT;

LIBERA, MARTINA, IT

(74) Agent: ROBIC AGENCE PI S.E.C./ROBIC IP AGENCY
LP

(54) Titre : ANTICORPS MONOCLONAUX NEUTRALISANTS CONTRE LES SARBECOVIRUS
(54) Title: NEUTRALIZING MONOCLONAL ANTIBODIES AGAINST SARBECOVIRUSES

(57) Abrégé/Abstract:

The present invention provides neutralizing monoclonal antibodies targeting the spike protein of Sarbecoviruses, such as Severe
Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-1 or SARS-CoV-2 like COVID-19). The monoclonal antibodies of the
invention can inhibit or neutralize SARS-CoV-1 or SARS-CoV-2 activity and advantageously be used for treating, preventing or
diagnosing COVID-19 infection in humans due to their significant cross-reactivity among SARS-CoV-2 variants.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



Date Submitted: 2024/04/17

CA App. No.: 3235310

Abstract:

The present invention provides neutralizing monoclonal antibodies targeting the spike protein of
Sarbecoviruses, such as Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-1 or
SARS-CoV-2 like COVID-19). The monoclonal antibodies of the invention can inhibit or neutralize
SARS-CoV-1 or SARS-CoV-2 activity and advantageously be used for treating, preventing or
diagnosing COVID-19 infection in humans due to their significant cross-reactivity among
SARS-CoV-2 variants.
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1
NEUTRALIZING MONOCLONAL ANTIBODIES AGAINST
SARBECOVIRUSES
BACKGROUND

Coronaviridae family comprises a large number of virus species that are further
classified in four genera. Seven species are of human interest and are highly
diversified in terms of adaptation, pathogenicity and diffusion. Indeed, four species
are endemic and highly adapted to humans (HCoV-229E, HCoV-NL63, HCoV-
OC43 and HCoV-HKU1), two are epidemic (MERS-CoV and the extinct SARS-
CoV) and one pandemic, the recently emerged and currently circulating SARS-CoV
and SARS-CoV-2 belong to the same genus (Betacoronavirus) and subgenus
(Sarbecovirus) but are phylogenetically distinct and have strikingly different features
in terms of infectivity and clinical signs. These aspects demonstrate the difficulties in
thoroughly sampling the entire Coronaviridae family necessary to implement an
effective surveillance program and therefore stress the need to have therapeutic
strategies with broad activity on CoVs.

Commonly, the ideal target to inhibit a virus replication is represented by the proteins
that mediate entry because this prevents cell infection. Entry inhibitors can thus be
used as effective therapeutics and, whether endowed with long hall-life, in
prophylaxis. The relevance ol inhibiling virus entry is demonstrated by the fact that
most neutralizing antibodies elicited by natural infection or vaccination recognizes
fundamental regions of the viral proteins involved in entry.

Also, the long half-life of monoclonal antibodies (mAbs) allows their use in
prophylaxis. While immunization will be the most effective approach to limit and
possibly eradicate SARS-CoV-2, the identification of neutralizing mAbs (nAbs) will
be fundamental to address vaccines intrinsic limitations regarding the delayed
response, the fraction of non-responders and the impossibility to wvaccinate
immunocompromiscd individuals. Also, there are several open questions regarding a
long-lasting humoral immunity against SARS-CoV-2 and the effect of variants
continuously emerging that may partially hamper vaccination efficacy in the long
run. Altogether, neutralizing mAbs against SARS-CoV-2 are and will be a

fundamental therapeutic and prophylactic tool and the availability of a panel of
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diverse mAbs will help coping with the emergence of new variants. Furthermore,
since a few mAbs naturally cross-neutralize SARS-CoV and SARS-CoV-2 and
recently an in vitro matured mAb (named ADG-2) neutralizing several
Sarbecoviruses has been described, there is the possibility to identify cross-reactive
mAbs.

The entire entry process of all CoVs into host cells is mediated by the spike (S), a
large transmembrane glycoprotein protruding from the virus envelope. The spike is a
homotrimer in which each monomer is produced as a single protein (SO) that is
cleaved by host proteases into the S1 and S2 subunits. S1 is located apically and
contains the receptor binding domain (RBD), therefore it mediates the attachment
phase by interacting with host proteins. S2 forms the spike stalk that contains the
fusion peptide, the transmembrane domain, and the heptad repeats (HR1 and HR2),
all necessary to fuse the virus envelope to the host membranes.

CoVs entry is a multistep process that involves receptor engagement of all three
RBDs in each spike trimer, the proteolytic cleavage of at least one specific spike site
and the subsequent fusion.

SARS-CoV-2, in analogy with SARS-CoV and several animal CoVs, specifically
binds to the angiotensin-converting enzyme 2 (ACE2). The binding event is
nccessary but not sufficient to mediatc cntry, as SARS-CoV-2 S rcquires to be
processed by host proteases that also specifically determine the virus entry site.
Indeed, if the spike is cleaved by furin and TMPRSS2, SARS-CoV-2 fusion happens
at the plasma membrane, conversely it enters from the endosomal compartment,
where the spike is cleaved by cathepsins. Once the spike is completely engaged and
cleaved, S1 dissociates from S2 allowing the exposure of the fusion peptide and its
insertion in the host membranes. The final molecular event leading to fusion is a
dramatic conformational change of S2 that involves the entire subunit and is driven
by the refolding of HR1 and HR2. Notably, all events from binding to fusion require
significant structural rearrangements and therefore can potentially be the target of
neutralizing nAbs.

The spike protein of CoVs is the most prominent protein exposed on virions surface

and the main target of the humoral response.
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Characterization of sera from SARS-CoV-2 infected individuals has identified
several neutralizing epitopes located on the spike protein that either overlap with
domains fundamental for its function or indirectly inhibit the conformational changes
required to mediate attachment and fusion.

5  Most of the neutralizing epitopes identified so far are conformational and located in
the RBD; all nAbs binding to it can be grouped in four classes, characterized by
different modes of action. Class 1 and class 2 antibodies directly hamper the
interaction between ACE2 and the spike by recognizing the same subdomain in the
RBD, the so-called receptor binding motif (RBM), while class 3 and 4 bind cryptic

10 epitopes that indirectly block the correct RBM exposure or the downstream
conformational changes required for fusion.
The broadly neutralizing mAb ADG-2, albeit with a unique binding mode, recognizes
an epitope partially shared with class 1 nAbs, highlighting how even minor
differences in terms of residues involved and angle of approach can dramatically
15  impact the biologic activity of a nAb. At a lower frequency, nAbs recognizing other
epitopes have been identified as well. Indeed, strong neutralization has been
documented to a mAb that binds to a region (N-terminal domain -NTD) in S1 not
directly involved in entry.
Also, the presence in patient sera ol neutralizing antibodies recognizing linear
20  epitopes located downstream of the RBD or overlapping the fusion peptide has been
identified. See Table 1 of Lanying Du et al., 2021 [1] for reference, summarizing
representative human neutralizing monoclonal antibodies (nAbs) against SARS-
CoV-2 and the relative target antigens (i.e. RBD, NTD, etc.).
Altogether, while the neutralizing response in patient sera is dominated by antibodies
25 specific for the RBD, several other spike domains can be effectively targeted. Worth
mentioning, the RBD, and S1 in general, are the spike most variable domains, both
considering SARS-CoV-2 variants continuously ecmerging and among CoVs
belonging to the same sub-genus.
Therefore, there is an urgent need of and extreme interest for nAbs targeting
30  conserved spike protein domains, as they reasonably have a broader spectrum of

neutralizable isolates/species.
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Therapeutic mAbs for COVID-19 treatment have been developed in accelerated time
and the pace has been unprecedented for any disease.
Currently, 8 SARS-CoV-2 RBD-specific potent nAbs have been approved by the
Food and Drug Administration (FDA) under an emergency use authorization (EUA)
5 (o treat COVID-19 non-hospitalized patients at high risk of severe illness.
The following COVID-19 mAbs are in clinical use: bamlanivimab (LY-CoV535)5)
[2]; a combination of bamlanivimab (LY-CoV555) and etesevimab (LY-CoV016 or
JSO016) [3] from Eli Lilly; a combination of casirivimab (REGN10933) and
Imdevimab (REGN10987) [4] from Regeneron (REGEN-COV); a combination
10 cilgavimab (COV2-2130 or AZD1061) and tixagevimab (COV2-2196 or AZD8955)
[5] from AstraZeneca; monotherapy-based nAbs sotrovimab (VIR-7831) [6] from
GSK and Vir Biotechnology; and regdanvimab (CT-P59) [7] from Celltrion. Another
set of monotherapy and combination Nabs-based therapies are under Phase IIT trials:
2B04 [8] and 47D11 [9] from AbbVie; BRII-196 and BRII- 198 from Brii Biosciences
15 [10]; and TYO027 from Tychan are also in Phase III trials [10].
A comprehensive list of nAbs that are currently in Phase I, II, and III trials and in
clinic is summarized in Figure 2A of Kumar S. et al., 2021 [11], herein included as
reference.
Scveral SARS-CoV-2 variants arc being reported from diffcrent parts of the world.
20  According to the World Health Organization (WHO), a recognized mutation is
elevated to a “variant of concern” (VOC) when the acquisition of a new mutation
allows for increased viral transmission, increased fatality, and a significant decrease
in the effectiveness of therapy and vaccines. A “variant of interest” (VOI) is a variant
with a new mutation capable of affecting disease severity, transmissibility, immune
25  and diagnostic escape.
The current variants of concern are Alpha (B.1.1.7, identified in the United Kingdom)
[12], Beta (B.1.351, identified in South Africa) [13], Gamma (P.1, identified in
Brazil) [14], Delta (B.1.617.2, identified in India) [15] and Omicron sublineages and
descendent lineages (Omicron (B.1.1.529) [16], Omicron BA.2 (B.1.1.529+BA.2)
30 Omicron BA.4 (B.1.1.529+BA.4) and Omicron BA.5.2 (B.1.1.529+BA.5)). Current
variants of interest are Eta (B.1.525, identified in UK/Nigeria), Iota (B.1.526,

CA 03235310 2024-4-17
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identified in the United States of America) [17], Kappa (B.1.617.1, identified in
India) [15], and Lambda (C.37, identified in Peru) [18]. See for reference Figure 2B
of Kurmnar S. et al., 2021 {11} providing an exhaustive list of mutations present in the
current SARS-Cov-2 VOCs and VOlIs.

Ideally, an effective antiviral therapeutic strategy should have the ability to prevent
infection/disease by new variants while simultaneously maintaining breadth against
existing multiple viral strains/variants. Recent studies have reported that many NTD-
specific NAbs are relatively less effective to all emerging variants, whereas RBD-
specific NAbs are variably effective against emerging variants and VOCs. The
majority of the potent therapeutic nAbs as monotherapy showed complete abrogation
or reduced neutralizing activity against SARS-CoV-2 emerging variants that contain
the E484K/Q or L452R mutations.

For example, Bamlanivimab (LY-CoV555) was ineffective against all VOCs and
thus was no longer considered for EUA.

Currently, combination therapies comprising a cocktail of nAbs targeting distinct
nonoverlapping epitopes on RBD have demonstrated exceptional potency and
promising correlates of protection against SARS-CoV-2 and its variants. See for
reference Additionally, newly identified RBD core-binding nAbs SARS2-38 and LY -
CoV 1404 as monotherapy potently ncutralize all variants of concern of SARS-CoV-
2.

The authors of the present invention have now identified neutralizing antibodies
targeting conserved regions of the spike protein of SARS-CoV-1 and SARS-CoV-2
as promising and attractive therapeutic candidates to be used alone or in combination
to tackle the disease burden caused by SARS-CoV-2 in all the VOCs and VOlIs
known sofar.

Therefore, it is an object of the present invention an isolated antibody or antibody
fragment binding a conserved region of the spike protein of Sarbecoviruses,
characterized by an antigen binding site comprising:

a) aheavy chain variable sequence comprising:
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1) a CDRI1 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 , SEQ ID
NO:4 and SEQ ID NO: 93;
i) a CDR2 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,SEQ ID
NO:8 and SEQ ID NO:94;
1ii) a CDR3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ
ID NO:12 and SEQ ID NO:95;
and/or
b) alight chain variable sequence comprising:
i) a CDR1 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ
ID NO:16 and SEQ ID NO:96;
ii) a CDR2 comprising an amino acid sequence selected from the group
consisting of GAS, AAS and DAS;
1i1) a CDR3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ
1D NO:23, SEQ ID NO:24 and SEQ ID NO:97.
Complementary determining regions (CDRs; CDR1-CDR3) of the variable domain
of heavy and constant regions and framework regions (FRs; FR1-FR4) characterizing
the sequence of the isolated antibody or antibody fragment of the invention have been
determined according to IMGT nomenclature.
According to preferred embodiment the heavy chain variable sequence the antibody
or antibody fragment of the invention, further comprises:
a) a framework region (FR1) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID
NO:28 and SEQ ID NO:98;
b) a framework region (FR2) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID
NO:32 and SEQ ID NO:99;
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c) a framework region (FR3) comprising an amino acid sequence selected from

the group consisting of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID

NO:36 and SEQ ID NO:100;

d) a framework region (FR4) comprising an amino acid sequence selected from
5  the group consisting of SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID

NO:40, and SEQ ID NO:101;

and/or

wherein the light chain variable sequence further comprises:

a) a framework region (FR1) comprising an amino acid sequence selected from

10 the group consisting of SEQ ID NO:41, SEQ ID NO:42, SEQ 1D NO:43; SEQ ID
NO:44, SEQ ID NO:45 and SEQ ID NO:102;

b) a framework region (FR2) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:46, SEQ ID NO:47, SEQ 1D NO:48, SEQ 1D
NO:49, SEQ ID NO:50 and SEQ ID NO:103;

15 ¢ a framework region (FR3) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ 1D
NO:54, SEQ ID NO:55 and SEQ ID NO:104;

d) a framework region (FR4) comprising an amino acid sequence selected from
the group consisting of SEQ 1D NO:56, SEQ 1D NO:57, SEQ ID NO:58, SEQ 1D

20 NO:59 and SEQ ID NO:105.

According to preferred embodiments of the present invention the antibody or
antibody fragment is characterized by an antigen binding site comprising:

a) a heavy chain variable sequence comprising a CDR1 comprising the amino
acid sequence SEQ ID NO:1; a CDR2 comprising the amino acid sequence SEQ ID

25 NO:5; a CDR3 comprising the amino acid sequence SEQ ID NO:9 and/or a light
chain variable sequence comprising a CDR1 comprising the amino acid sequence
SEQ ID NO:13; a CDR2 comprising the amino acid sequence GAS; a CDR3
comprising the amino acid sequence SEQ ID NO:20. According to another preferred
embodiment said heavy chain variable sequence may further comprises: a framework

30  region FR1 comprising SEQ ID NO:25; a framework region FR2 comprising SEQ
ID NO:29; a framework region FR3 comprising SEQ ID NO:33 and a framework

CA 03235310 2024-4-17
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region FR4 comprising SEQ ID NO:37; said light chain variable sequence may
further comprises a framework region FR1 comprising SEQ ID NO:41, a framework
region FR2 comprising SEQ 1D NO:46, a framework region FR3 comprising SEQ
ID NO:51, and a framework region FR4 comprising SEQ ID NO:56;

5 b) a heavy chain variable sequence comprising: a CDR1 comprising the amino
acid sequence SEQ ID NO:1; a CDR2 comprising the amino acid sequence SEQ ID
NO:5; a CDR3 comprising the amino acid sequence SEQ ID NO:9 and/or a light
chain variable sequence comprising a CDR1 comprising the amino acid sequence
SEQ ID NO:13; a CDR2 comprising the amino acid sequence GAS; a CDR3

10 comprising the amino acid sequence SEQ ID NO:21. According to another preferred
embodiment said heavy chain variable sequence may further comprises a framework
region FR1 comprising SEQ ID NO:25; a framework region FR2 comprising SEQ
1D NO:29; a framework region FR3 comprising SEQ ID NO:33 and a framework
region FR4 comprising SEQ ID NO:38; said light chain variable sequence may

15  further comprises a framework region FR1 comprising SEQ ID NO:42; a framework
region FR2 comprising SEQ ID NO:47; a framework region FR3 comprising SEQ
ID NO:52, and a framework region FR4 comprising SEQ ID NO:57;

c) a heavy chain variable sequence comprising a CDR1 comprising the amino
acid scquence SEQ 1D NO:2; a CDR2 comprising the amino acid scquence SEQ 1D

20 NO:6; a CDR3 comprising the amino acid sequence SEQ ID NO:10 and/or a light
chain variable sequence comprising a CDR1 comprising the amino acid sequence
SEQ ID NO:14; a CDR2 comprising the amino acid sequence AAS; a CDR3
comprising the amino acid sequence SEQ ID NQO:22. According to another preferred
embodiment said heavy chain variable sequence may further comprises a framework

25  region FR1 consisting of SEQ ID NO:26; a framework region FR2 consisting of SEQ
ID NO:30 a framework region FR3 comprising SEQ ID NO:34, and a framework
region FR4 comprising SEQ ID NO:39; said light chain variable sequence may
[urther comprises a framework region FR1 comprising SEQ ID NO:43; a framework
region FR2 comprising SEQ ID NO:48; a framework region FR3 comprising SEQ

30  ID NO:53 and a framework region FR4 comprising SEQ ID NO:58;

CA 03235310 2024-4-17
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d) a heavy chain variable sequence comprising a CDR1 comprising the amino
acid sequence SEQ ID NO:3; a CDR2 comprising the amino acid sequence SEQ ID
NO:7; a CDR3 comprising the amino acid sequence SEQ 1D NO:11 and/or a light
chain variable sequence comprising a CDR1 comprising the amino acid sequence
5 SEQ ID NO:15; a CDR2 comprising the amino acid sequence AAS; a CDR3
comprising the amino acid sequence SEQ ID NO:23. According to another prelerred
embodiment said heavy chain variable sequence may further comprises a framework
region FR1 comprising SEQ ID NO:27; a framework region FR2 comprising SEQ
ID NO:31 a framework region FR3 comprising SEQ ID NO:35 and a framework
10 region FR4 consisting of SEQ ID NO:40; said light chain variable sequence may
further comprises a framework region FR1 comprising SEQ ID NO:44; a framework
region FR2 comprising SEQ ID NO:49; a framework region FR3 comprising SEQ
1D NO:54 and a framework region FR4 comprising SEQ ID NO:56;
e) a heavy chain variable sequence comprising a CDR1 comprising the amino
15  acid sequence SEQ ID NO:4; a CDR2 comprising the amino acid sequence SEQ ID
NO:8; a CDR3 comprising the amino acid sequence SEQ ID NO:12; and/or a light
chain variable sequence comprising: a CDR1 comprising the amino acid sequence
SEQ ID NO:16; a CDR2 comprising the amino acid sequence DAS; a CDR3
comprising thc amino acid scquence SEQ 1D NO:24. According to another preferred
20  embodiment said heavy chain variable sequence may further comprises a framework
region FR1 comprising SEQ ID NO:28; a framework region FR2 comprising SEQ
ID NO:32; a framework region FR3 comprising SEQ ID NQO:36 and a framework
region FR4 comprising SEQ ID NO:39; said light chain variable sequence may
further comprises a framework region FR1 comprising SEQ ID NO:45; a framework
25  region FR2 comprising SEQ ID NO:50; a framework region FR3 comprising SEQ
ID NO:55; and a framework region FR4 comprising SEQ ID NO:59;
) a heavy chain variable sequence comprising a CDR1 comprising the amino
acid sequence SEQ ID NO:93; a CDR2 comprising the amino acid sequence SEQ ID
NO:94; a CDR3 comprising the amino acid sequence SEQ ID NQO:95; and/or a light
30  chain variable sequence comprising: a CDR1 comprising the amino acid sequence

SEQ ID NO:96; a CDR2 comprising the amino acid sequence AAS; a CDR3

CA 03235310 2024-4-17



WO 2023/073441 PCT/IB2022/056706
10

comprising the amino acid sequence SEQ ID NO:97. According to another preferred
embodiment said heavy chain variable sequence may further comprises a framework
region FR1 comprising SEQ 1D NO:98; a framework region FR2 comprising SEQ
ID NO:99; a framework region FR3 comprising SEQ ID NO:100 and a framework
5 region FR4 comprising SEQ ID NO:101; said light chain variable sequence may
[urther comprises a [ramework region FR1 comprising SEQ ID NO:102; a [ramework
region FR2 comprising SEQ ID NO:103; a framework region FR3 comprising SEQ
ID NO:104; and a framework region FR4 comprising SEQ ID NO:105.
According to a preferred embodiment of the invention the antibody or antibody

10 fragment (clone Fab 5#) of the invention comprises an heavy chain variable sequence
comprising the amino acid sequence:
LESGGGLVKPGGSLRLSCAASGFNFNTYTMNW VRQAPGKGLEWVSSISSSS
SYIDNADSVKGRFTTYRDNAKKSLYLRMIGLRVEDSGVYYCTRVNPQAKGS
DWLDPPINQYYGMDVWGQGTTVTVSS (SEQ ID NO:60)

15 and/or a light chain variable sequence comprising the amino acid sequence:
ELTLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGA
SSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPWTFGQGTK
VEIK (SEQ ID NO: 61).

In another preferred embodiment the antibody or antibody fragment (clonc Fab

20 BU.2) of the invention comprises an heavy chain variable sequence comprising the
amino acid sequence:

LESGGGLVKPGGSLRLSCAASGEFNFNTYTMNW VRQAPGKGLEWVSSISSSS
SYIDNADSVKGRFTTYRDNAKKSLYLRMIGLRVEDSGVYYCTRVNPQAKGS
DWLDPPINQYYGMDVWGQRDHGHRSP (SEQ ID NO: 62)

25  and alight chain variable sequence comprising the amino acid sequence:
ELTLTQSPATLSLSPGDRATLSCRASQSVSSSYLAWYQHKPGQPPRILLIYGA
SSRAAGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYVTFGPGTKVDIK
(SEQ ID NO: 63)

According to another preferred alternative embodiment of the invention the isolated

30  antibody or antibody fragment (clone Fab BU.7) of the invention comprises an heavy

chain variable sequence comprising the amino acid sequence:

CA 03235310 2024-4-17
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11

LEWGPGLVKPSETLSLTCTVSGGSISSINYYWVWIRQPPGKGLEWIGNINYS
GTTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARQTYYYDRR
GYYRPEPIEHWGQGTLVTVSS (SEQ 1D NO:64)

and/or a light chain variable sequence comprising the amino acid sequence:
ELVMTQSPSFLSASVGDRVTITCRASQDVRSFLHWYQQRPGKAPKLLIYAA
SMVSSEVPSREFSGSGSETDFTLTIDGLQPEDVATYFCQQTYDTPLTFGGGTA
VDIK (SEQ ID NO:65).

In another embodiment of the invention the isolated antibody or antibody fragment
of the invention (clone Fab BU.11) comprises an heavy chain variable sequence
comprising the amino acid sequence:
LESGPGLLKPSQSLSLTCAISGDSVSRRSVAWNWIRQSPSRGLEWLGRTYYR
SKWFSEYGVSVRGRITISPDTTKNQFSLQLNSVTPEDTAVYYCRKSKGRQQ
LAESTSSVWTWGOQGTTVIVYS (SEQ ID NO:66)

and/or a light chain variable sequence comprising the amino acid sequence:
ELVMTQSPSSLSAFYGDRVTLTCRASQGIRNDLNWYQQKPGQPPKLLIYAA
SALQSGVPSRFSGSGFGTDFTLTISSLQPEDIATYYCLOQDYNFPRTFGQGTKY
EIK (SEQ ID NO:67).

Still in another alternative preferred embodiment of the invention the isolated
antibody or antibody fragment of the invention (clonc Fab BU.54) compriscs an
heavy chain variable sequence comprising the amino acid sequence:
LEWGPGLVKASQTLSLTCTVSGGSISSRNFY WSWIRQPGGKGLEWIGRIYTS
GSTNYNPSLKSRVTISLDTSKSQFSLKLSSVTAADTAVY YCARGTFYYDRSG
NGRLDPLDYWGQGTLVTVS (SEQ ID NO:68)

and/or a light chain variable sequence comprising the amino acid sequence:
ELVMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLLIYDA
SNLETGVPSRFSGSGFGTHFTLTISSLQPEDFATYYCQQHDNLVTFGGGTKV
EIK (SEQ ID NO:69).

In a last preferred alternative embodiment of the invention the isolated antibody or
antibody fragment (clone Fab BS.70) of the invention comprises an heavy chain

variable sequence comprising the amino acid sequence:



10

15

20

25

30

CA 03235310 2024-4-17

WO 2023/073441 PCT/IB2022/056706

12

LESGGGVVQPGTSLRLSCAASGFTFNNFGMHWVRQAPGKGLEWVAMISYE
GSKDFYADSVKGRFTISKDHARNTVYLOMNSLRAEDTAEYYCAKDKAIFM
ISAGRTLDFWGQGTLVTVSS (SEQ 1D NO:70)

and a light chain variable sequence comprising the amino acid sequence:
ELVMTQSPSSLSASVGDRVTITCRASQNIGIYLNWYQQKPGKAPKILIYAAS
SLONGVPSRFSGSGSGTDFTLTISTLQPEDFATYWCQQGYSTPLTFGGGTKYV
EIR (SEQ ID NO:71)

It is a further object of present invention a nucleotide sequence encoding for the
heavy chain variable region and/or the light chain variable region of the antibody or
antibody fragment of the invention above listed.

In a preferred embodiment the nucleotide sequences of the invention are selected
from the group consisting of:

Heavy chain (clone Fab#5):
ctegagtctgggggaggcctggicaagectggggggtecectgagactetectgtgecagectetggattcaacttcaatac
ctataccatgaactgggtccgecaggctccagggaaggggctggagtggatetcatecattagtagtagtagtagttaca
tagacaacgcagactcagtgaagggccgattcaccatctacagagacaacgccaagaagtcactgtatctgecgaatgat
cggcectgagagtegaggactecggtgtotattactgtacgegagtgaacceccaggecaaagggteggactggttgga
tccccccatcaaccaatactacggtatggacgtetggggecaagggaccacggtcaccgtctectca  (SEQ 1D
NO:72)

Light chain (Fab#5):
gagctcacactcacgcagtctccaggeaccctgtctttgtctccaggggaaagagecacccetetcetgecagggecagte
agagtgttagcagcagctatttagcctggtaccagcagaaacctggecaggetecccaggcetectecatctatggtgcatee
agcagggccactggcatcccagacaggttcagtggcagtgggtctgggacagacttcactctcaccatcagecagactg
gagcctgaagattttgcagtgtattactgtcagcagtatggtagctcaccgtggacgttcggccaagggaccaaggttga
aatcaaa (SEQ ID NO:73)

Heavy chain (Fab BU.2)
ctcgagtctgggooagocctggtcaagectggggootccctgagactctectgtgeagectetggattcaacttcaatac
clalaccalgaaclggglecgecaggcleccagggaaggggclggaglggglelcalecallaglaglaglaglagilaca
tagacaacgcagactcagtgaagggccgattcaccatctacagagacaacgccaagaagtcactgtatctgecgaatgat
cggcectgagagtcgaggactccggtgtgtattactgtacgecgagtgaacceccaggecaaagggtcggactggttgga

tcceccecatcaaccaatactacggtatggacgtetggggecaaagggaccacggtcaccggtetect
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(SEQ ID NO:74)

Light chain (Fab BU.2)
gagctcacactcacgcagtctccagecaccctgtetttgtctccaggggatagagecaccctetectgecagggecagte
agagtgttagcagcagttacttagcectggtaccagcacaaacctggceccagecccccaggctectcatctatggtgeatee
agcagggccgecggcealcccagacagglicaglggeaglggglelgggacagacticaclelcaccalcageagact
ggagcclgaagatlltgecaglglattactglcagecaglacglcactileggecclgggaccaaaglggatalcaaa
(SEQ ID NO:75)

Heavy chain (Fab BU.7)
ctcgagtggggacccaggactggtgaagecticggagaccctgteectcacctgeactgtetetggtggctecatcagea
gcataaattactactgggictggattcgccageccccagggaaggggctggagtggatigggaatatcaattacagtgg
gaccaccaactacaacccegtecctcaagagtecgagicaccatatccgtggacacgtccaagaaccagttctecectgaag
ctgagetetgtgaccgecgeagacacggctgictattactgtgegagacaaacgtattactatgataggegtggttattac
cgeccggageccattgageactggggccagggaaccctggtcaccgtetecteca (SEQ ID NO:76)

Light chain (Fab BU.7):
gagctcgtgatgacacagtctecatecticetgtetgeatetgtaggagacagagtcaccatcacttgecgggcaagtca
agatgttagaagttttttacattggtatcaacaaagaccagggaaagcccctaagttgttgatctatgetgeatccatggtgt
cgagtgaggtceegtcaaggttcagtggecagtggatctgagacagatttcactctcaccatcgacggtetgecaacctgaa
gatgttgcaacttacttctgtcaacagacttacgacacgecgcetecaccttcggeggegggaccgeggttgacatcaaa
(SEQ 1D NO:77)

Heavy chain (Fab BU.11)
ctcgagtcaggtccaggactgetgaagecctecgeagagectctcactcacctgtgecatctccggagacagtgtcteta
ggagaagtgttgettggaactggatcagacagtccccatcgagaggcecttgagtggctgggaaggacatactacaggt
ccaagtggttttctgagtatggcgtatctgtgagaggtcgaataaccatcagtccagacacaaccaagaaccagttctec
ctgcagctgaactecgtgactceccgaggacacggcetgtctattactgtcgaaagtcgaaagggaggcagceagttggca
gagtctacgagttcggtatggacgtggggccaagggaccacggtcatcgtctactca (SEQ ID NO:78)
Light chain (Fab BU.11)
gagctcgtgatgacacagtctccatecteectgtetgeattigtgggagatagagtcaccctecacttgecgggcaagtca
gggcallagaaatgatilaaaclgglalcagcagaaaccagggeaaccceclaaacleclgalelatgelgeatecgettt
acaaagtggcgtcccatcaaggttcageggcagtgggtttggcacagatttcactctcaccatcagcagectgecagect
gaagatattgcaacttattactgtctacaagattacaatttccctcggacgttcggecaagggaccaaggtggaaatcaaa

(SEQ ID NO:79)
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Heavy chain (Fab BU.54)
ctcgagtgggocccaggactggtgaaggcttcacagaccctgtccctcacctgeactgtctctggtggctccatcagea
gtaggaatttctattggagttggatcecggeageccggegggaagggactggagtggattgggcgtatctatacaagtgg
gagcaccaattacaatccctecctcaagagtcgagtcactatatcattagacacgtccaagagtcagttctecctgaaget
gagclclglgaccgecgeagacacggecgiglatlatiglgegagagggacglitlattalgataggaglgglaatgglc
gallagalccgeligaclaclggggecagggaaccelgglcaccglctectea (SEQ ID NO:80)

Light chain (Fab BU.54)
gagctcgtgatgacacagtctccatcetecetgtctgeatctgtaggagacagagtcaccatcactigecaggegagica
ggacattagcaactatttaaattggtatcagcagaaaccagggaaagceccctaagetectgatctacgatgeatccaattt
ggaaacaggggtcccatcaaggticagtggaagtggattigggacacattitacgttaaccatcagecagectgeagect
gaagattttgcaacatattactgtcaacagcatgataatctecgtecactitcggeggagggaccaaggtggagatcaaa
(SEQ ID NO:81)

Heavy chain (BS.70):
ctegagtetgggggaggcgtggteccagectgggacgtecectgagactetectgtgeggectetggattcaccttcaataa
tittgggatgeactgggtcegecaggetecaggcaagggtctggagtgggtggcaatgatetcatatgaaggaagtaag
gatttctatgcagactccgtgaagggcecgattcaccatctccaaagaccatgecaggaatacggtctatctgcaaatgaa
cagcctgagagetgaggacacggcagaatattactgtgcgaaagataaggctatatttatgatttctgecggacggacttt
ggacttctggggccagggaaccctggtecaccgtetectcag (SEQ ID NO:82)

Light chain (Fab BS.70):
gagctcgtgatgacacagtctccatectecctgtetgeatetgtaggagacagagtcaccattacttgecgggeaagtca
gaacattggcatctatttgaattggtatcagcagaaacctgggaaagccccaaagetcctgatctatgetgeatccagtttg
caaaatggggtcccatcgaggttcagtggcagtggatctgggacagacttcactctcaccatcageactectgcaacctg
aagattttgcaacttactggtgtcaacagggttacagtaccccactcactttcggeggagggaccaaggtagagatcaga
c (SEQ ID NO:83).

Additionally, the invention reates to an expression vector comprising at least one of
the nucleotide sequence encoding for the heavy chain and/or the light chain variable
region of the antibody or antibody fragment of the invention.

A [urther object of the invention contemplates an host cell comprising the vector

above outlined.
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It is another object of the invention an hybridoma comprising at least one of the
nucleotide sequence encoding for the heavy chain and/or the light chain variable
region of the antibody or antibody fragment of the invention.
Additionally, the invention contemplates a formulation for molecular/vector-based
5  passive immunoprophylaxis comprising at least one of the nucleotide sequence or
expression veclor of the invention together with one or more pharmaceutically
acceptable excipients and/or adjuvants. The vaccine formulation may be
advantageously be used in the prevention of Sarbecoviruses-mediated diseases in a
subject, in particular of the Severe Acute Respiratory Syndrome mediated by SARS-

10 CoV-1or SARS-CoV-2.

Preferably the antibody or antibody fragment of the invention is a monoclonal
antibody. In another preferred embodiment the antibody fragment is a Fab fragment.
Even more preferably the antibody or antibody fragment of the invention is a human
antibody.

15  Preferably, the antibody or antibody fragment is a human IgG or an IgG fragment
selected from the group consisting of IgG1, 1gG2, 1gG3, IgG4 or a recombinant IgG
comprising a mutated Fc portion to improve their binding and neutralization activity
or all the Fe-mediated immune functions.

In alternative cmbodiments the antibody or antibody fragment of the invention arc in

20  a format selected among the group comprising single chain antibodies (scFv),
nanobodies, bispecific antibodies, monoclonal antibodies conjugated with drugs
and/or molecules influencing their pharmacokinetics and/or their delivery.
According to a further embodiment the antibody or antibody fragment of the
invention is labelled with a marker or conjugated with a drug.

25  Asanexample, antitumour activity has been accomplished by conjugating antibodies
with different effector molecules that accomplish cell death after antibody binding
and internalisation. Such effector molecules include cytotoxic agents [19, 20],
bacterial or plant protein toxins (immunotoxins) [21, 22], and radiopharmaceutical

agents [23].

CA 03235310 2024-4-17
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A further object of the present invention is the use of the antibody or antibody
fragment of the invention to detect the presence of a Sarbecovirus, preferably of
SARS-CoV-1 or SARS-CoV-2 in a biological sample.

The present invention further contemplates the antibody or antibody fragment of the
invention for use in medical field for the (reatment and/or prophylaxis of
Sarbecoviruses-medialed diseases in a subject, in particular of the Severe Acule
Respiratory Syndrome mediated by SARS-CoV-1 or SARS-CoV-2.

The term “SARS-Cov-2" encompasses anyone of the variants of concern (VOCs)
Alpha (B.1.1.7), Beta (B.1.351) Gamma (P.1), Delta (B.1.617.2), D614 G (Universita
di Pavia) and Omicron (B.1.1.529) or of the variants of interest (VOIs) Eta
(B.1.525), Iota (B.1.526), Kappa (B.1.617.1) and Lambda (C.37), known sofar.

The antibody or antibody fragment of the present invention may be used alone or in
combination with another antibody or antibody fragment directed against different
conserved regions of the spike protein. The combined use of the antibody or antibody
fragment of the invention enhances the cross reactivity of the therapeutic treatment
towards the different VOCs of SARS-CoV-2. The second antibody may be also a
different antibody with respect to the claimed ones. Combinations of antibodies
targeting different epitopes can translate into enhanced therapeutic efficacy, i.e.,
overcoming drug-related side cffects of alrcady approved molccules or clcaring drug
resistance of possible novel circulating variants.

According to a preferred embodiment the subject is an immunocompromised patient
or a patient with an history of cardiovascular and/or respiratory diseases.
Alternatively the patient may be an elderly patient (that is older than 70 years) or a
vaccine-hesitant subject.

The antibody or antibody fragment according to the invention may be advantageously
therapeutically administered in a human being also in a combination antibody
cocktail.

Preferably, the antibody or antibody (ragment of the invention is administered after
5- 10 days from occurrence of SARS-CoV-1 or SARS-CoV-2 infection.

It is an object of the present invention a pharmaceutical composition comprising at

least one of the antibody or antibody fragment of the invention as the active
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ingredient, together with one or more pharmaceutically acceptable excipients and/or
adjuvants. In a preferred embodiment the antibody or antibody fragment is adapted
to systemic administration by intravenous route. The invention alternatively
contemplates intramuscular or subcutaneous administration route.

The present invention [urther relates (o a pharmaceutical composition comprising at
least one of the antibody or antibody [ragment of the invention [or use in the treatment
or prophylaxis of Sarbecoviruses-mediated diseases in a subject, in particular of the
Severe Acute Respiratory Syndrome mediated by SARS-CoV-1 or SARS-CoV-2.

It is a further object of the present invention a composition or kit of parts comprising
a first antibody or antibody fragment that binds a targeted conserved region of the
spike protein of SARS-CoV-1 or SARS-CoV-2 of the invention and a second
antibody or antibody fragment that binds a different targeted conserved region of the
spike protein of SARS CoV-1 or SARS-CoV-2, for the simultaneous, separate or
sequential administration in a subject affected by Sarbecoviruses-mediated diseases,
in particular by the Severe Acute Respiratory Syndrome mediated by SARS CoV-1
or SARS-CoV-2. Preferably the first antibody or antibody fragment and the second
antibody or antibody fragment are in separate containers.

The present invention will now be described, for non-limiting illustrative purposes,
according to preferred cmbodiments thercof, with particular referencce to the attached
figures, wherein:

- Figure 1 shows a general scheme for the preparation and selection of a naive
recombinant antibody library. This figure indicates the general steps involved
in the construction and selection of a recombinant antibody from a phage
display library. The B-lymphocytes are first isolated from the blood of the
donors. The total mRNA is extracted from the isolated lymphocyte cells and
reverse-transcribed to complementary DNA (cDNA). The variable heavy
(VH) and variable light (VL) chain antibody genes are amplified by
polymerase chain reaction with gene-specific primers and assembled belore
cloning into a phage display vector. The resulting phages display antibody
fragments on their surfaces. During selection, filamentous phage display

libraries are incubated with antigens immobilized on a solid phase. The



10

15

20

25

30

CA 03235310 2024-4-17

WO 2023/073441 PCT/IB2022/056706
18

antigen-binding phages remains attached to the antigen, whereas the unbound
phages are washed away. The bound phages are then eluted and amplified by
infection with bacterial cells. By changing the expression host to a non-
suppressor bacterial strain, the soluble antibody fragment can be expressed
and secreted to the culture medium.

- Figure 2 shows the whole amino acid (panel A) and nucleolide sequences
(panel B) of the heavy chain variable region and of the light chain variable
region for each clone, specifying both the framework regions FR1-FR4 and
the complementary determining regions CDR1-CDR3.

- Figure 3 shows the binding activity of the selected clones (#5, BU.2, BU.7,
BU.11, BU.54, BS.70) both as Fab and IgG1 format assessed by ELISA assay.
The selected Fabs and IgG were tested for their binding to the recombinant
protein of the different VOCs.

- Figure 4 shows the results of immunofluorescence analysis of the binding
activity of the selected clones, both as Fab and IgG1 format. The selected Fabs
can detect the VeroE6 cells infected by D614G, Alpha B.1.1.7,
Beta B.1.135,Gamma P.1, Delta B.1.617.1, Omicron_B.1.529 (BA.l),
Omicron_B.1.529 (BA.2), Omicron_B.1.529 (BA.4) and Omicron_B.1.529
(BA.5) viral variants.

- Figure 5 shows neutralizing activities of clone Fab#5, both as Fab and 1gG1
format against the tested VOCs (D614G, B.1.1.7, P.1 and B.1.135) (panel A)
and of clones Fab BU.2, BU.7, BU.11, BU.54 and BS.70 both as Fab and
IgG1 format (panel B) against the tested VOCs (D614G, Alpha B.1.1.7,
Beta_B.1.135, Delta B.1.617.1, Gamma_P.1, Omicron B.1.1.529 (BA.1),
Omicron B.1.1.529 (BA.2)).

- Figure 6 shows neutralizing activity using pseudovirus of clones Fab BU.7
and BU.54 againt SARS-CoV-1 and Omicron VOC of SARS-CoV-2.

For the purpose of better illustrating the invention, the following examples are now
provided, which should be considered illustrative and non-limiting examples thereof.
The neutralizing nAbs of the invention have been identified on the basis of the

binding affinity to SARS-CoV1 and SARS-CoV-2 spike or specific domains and
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characterized in terms of neutralizing activity and epitope specificity as described in
the following examples. These aspects are fundamental to select the most promising
nAbs as those endowed with the highest potency and/or recognizing conserved spike
epitopes, the main parameters determining a potential cross reactive treatment
ellective against all the VOIs and VOIc of SARS-Cov-2 known soflar or emerging in
the [uture.

EXAMPLE 1: Generation of new human antibody Phage Display Libraries and
selection of antibodies able to bind with high affinity the spike protein of SARS-CoV-
2 through Bio-panning procedures

MATERIALS AND METHODS

Phage display technique

The technique focuses on the construction of a library of peptides or antibody
variants, which are then selected for their affinity to the target of interest since they
are fused to a phage-coat protein (see for reference Figure 1).

All surface proteins of bacteriophages can be engineered for display, but the most
used are pVII and pIII from M 13 filamentous phages. Each virion contains about
2700 copies of the former protein, representing almost 87% of its mass, and they are
half-exposed to the environment, thus allowing an efficient display of only short-
scquence peptides duc to virion architecturc. On the other hand, plll can be used for
larger peptides, such as the “functional portion” of antibodies, resulting only in a
slight loss of infectivity in a few cases. Each library is composed by phagemid vectors
containing only the sequence of a phage-coat protein fused to the peptide of interest;
therefore, a helper phage with a reduced packaging efficiency is needed to obtain a
population of phages both infectious and composed by modified coating proteins.
The bio-panning procedure is then performed, and phages are selected for their ability
to bind the antigen of interest. Many factors must be considered: library variability,
target conformation, affinity, and avidity of the molecules exposed on phages. As
mentioned, phage display has been widely used (o [ind novel therapeutics against
pathogens, particularly mAbs.

This has been possible through two different bio-panning strategies: using specific

molecular targets, such as membrane receptors (S protein), or using whole viruses, or
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infected cells. However, surface antigens often present motifs able to elicit non-
neutralizing mAbs and elude host immune response, so the screening procedure of
the bio-panning outcome must be done properly to identify only the few effective
molecules able to selectively target the antigen of interest.

Generation of new human antibody Phage Display Libraries

Peripheral (for Fab #5) and bone marrow (for Fabs BU.2, BU.7, BU.11, BU.54) blood
samples was collected from subjects previously infected by SARS-CoV-2 and
subsequently vaccinated with COVID-19 vaccine (2 doses of Comirnaty, Pfizer) and
used for the collection of PBMC and B-cell precursors, respectively.

The extraction of PBMCs was carried out following the Histopaque®-1077 (SIGMA-
ALDRICH) protocol. At the end of the procedure 10° cells were lysed using Trizol
Reagent (SIGMA-ALDRICH) to allow the subsequent extraction of cellular RNA
using RNeasy Mini Kit (QIAGEN). Antibody phagemidic IgG libraries were
generated through B-cell-mRNA reverse transcription to cDNA using SuperScript™
IV Reverse Transcriptase (ThermoFisher Scientific). Heavy and light chains were
amplified from the obtained cDNA by using the PFU Native Polymerase enzyme
(Agilent) and the primer pairs described in the following Table.

Table 1. Primers used for the amplification of heavy and light chains

Heavy Frimer Forward Prouner Reverse
chain
i VHIAS AGGTGCAGCTGUTUGAGTOTGE pGLGCATOTACTAGTTITGTCACAAG
(SR I NG ATTEGG
(BEQ D N1y
2 VHL CAGATCACCTTRIDCCAGTOTGO Gl

(SEQ 1D NG9

VH4: CAGGTCGCAGUTGCTCGAGTOGGE
(o hEy 0 N34

(o5

4 VH4Ab: CAGOTGCAGCTACTCGAGTGGGO
(SEQ 1D NO:85;

5 VHAzs: CAGGTGCAGCTACTCGAGTGGGGC
(SEQ 3 NO:8a}

& VHG: CAGGTACAGCTGCTCGAGTCAGG
(SEC ID NO:87;
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Light
hain
1 VELGAGCCOCACOAGUUCGAGCTCCAGATG CKIAGUGCCGTUTAGAATTAALACTCY
ACCCAGTCTCC (SFEQ I N8 CCCCTETTGAAGITUTTTGTGACGGG
GAALTOAG
(SECQ U NG9y
2 VR OAGUCGCACGAGCCCHAGUTUGTGATG CKid
ACACAGTCTCC (SEQ 1D NOBO:
3 VK24
GAGCCGUACGAGCCUGAGUTCGTGATGALTC
AGTCTCC (BEQ I NOS U
4 VESGAGCOGCACGAGCCCHGAGUTUACATC
ACGUAGTUTOC (SEQ T2 NO92)

Then, both heavy and light variable antibody chains were cloned into the phagemidic
vector pComb3XSS (PVT10572, DBA).

Phagemidic libraries were then converted into phage libraries by transforming
electrocompetent Gram-negative cells expressing sexual pilus (XL1-Blue, Agilent)
and superinfecting them with a helper-phage (M13K07, NEB).

The new libraries were screened by using different Bio-panning procedures with the
aim of maximizing the selection of cross-reactive antibodies (antibodies recognizing
more SARS-CoV-2 clinical isolates) in their Fab format.

Recombinant spike (S) proteins of different SARS-CoV-2 variants were used: D614G
(University of Pavia) for Fab #5, and B.1.1.7 (40589-V08B6, Sino Biological), P.1
(40589-V08B 10, Sino Biological) or B.1.135 (40589-V08B7, Sino Biological) for
Fab BU.2, BU.7, BU.11, BU.54.

Five rounds of Bio-panning of the phage-display antibody libraries were carried out
on recombinant Spike proteins expressed in their full-length format. Cross-selection
strategies based on the sequential use of the different antigens were performed.
Bacteriophages carrying on their capsid monoclonal antibodies (expressed as Fab
fragments) selected through bio-panning were used to obtain the DNA codifying the
antibody expressed on their surface.

DNAs codifying for the variable antibody regions present on the phage surface was

scquenced and used for protcin purification using E. coli expression system (XL 1-
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Blue, Agilent) and immune-affinity chromatography (HiTrap® Protein L, Merck).
IgG1 format of Fab #5 (IgG #5) was obtained from Genscript through High
Throughput Antibody Production Service (GenScript).

RESULTS

Five dilflerent clones were identified: Fab #5 and Fab BU.2, BU.7, BU.11, BU.54.

The amino acidic sequences of the heavy and light chain variable regions are the

following:
1. Fab #5
Hc:

LESGGGLVKPGGSLRLSCAASGFENFNTYTMNWVRQAPGKGLEWVSSISSSS
SYIDNADSVKGRFTIYRDNAKKSLYLRMIGLRVEDSGVYYCTRVNPQAKGS
DWLDPPINQYYGMDVWGQGTTVTVSS (SEQ ID NO:60)

Lc:
ELTLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGA
SSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPWTFGQGTK
VEIK (SEQ ID NO:61)

2. Fab BU.2

He:

LESGGGLVKPGGSLRLSCAASGENENTYTMNW VRQAPGKGLEWVSSISSSS
SYIDNADSVKGRFTIYRDNAKKSLYLRMIGLRVEDSGVYYCTRVNPQAKGS
DWLDPPINQYYGMDVWGQRDHGHRSP (SEQ ID NO:62)

Lc:
ELTLTQSPATLSLSPGDRATLSCRASQSVSSSYLAWYQHKPGQPPRLLIYGA
SSRAAGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYVTFGPGTKVDIK
(SEQ ID NO:63)

3. Fah BU.7

He:

LEWGPGLVKPSETLSLTCTVSGGSISSINY YWVWIRQPPGKGLEWIGNINYS
GTTNYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARQTYYYDRR
GYYRPEPIEHWGQGTLVTVSS (SEQ ID NO:64)

Lc:
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ELVMTQSPSFLSASVGDRVTITCRASQDVRSFLHWYQQRPGKAPKLLIYAA
SMVSSEVPSRFSGSGSETDFTLTIDGLQPEDVATYFCQQTYDTPLTFGGGTA
VDIK (SEQ ID NO:65)

4. Fab BU.11

Hec:
LESGPGLLKPSQSLSLTCAISGDSVSRRSVAWNWIRQSPSRGLEWLGRTYYR
SKWESEYGVSVRGRITISPDTTKNQFSLQLNSVTPEDTAVYYCRKSKGRQQ
LAESTSSVWTWGQGTTVIVYS (SEQ ID NO:66)

Lc:
ELVMTQSPSSLSAFVGDRVTLTCRASQGIRNDLNWYQQKPGQPPKLLIYAA
SALQSGVPSRFESGSGFGTDFTLTISSLQPEDIATYYCLQDYNFPRTFGQGTKV
EIK (SEQ ID NO:67)

5. Fab BU.54

He:
LEWGPGLVKASQTLSLTCTVSGGSISSRNFYWSWIRQPGGKGLEWIGRIYTS
GSTNYNPSLKSRVTISLDTSKSQFSLKLSSVTAADTAVYYCARGTFYYDRSG
NGRLDPLDYWGQGTLVTYVSS (SEQ ID NO:68)

Lc:
ELVMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLLIYDA
SNLETGVPSRFSGSGFGTHFTLTISSLOQPEDFATYYCQQHDNLVTFGGGTKYV
EIK (SEQ ID NO:69)

6. Fab BS.70

Hec:
LESGGGVVQPGTSLRLSCAASGFTENNFGMHWVRQAPGKGLEWVAMISYE
GSKDFYADSVKGRFTISKDHARNTVYLQMNSLRAEDTAEYYCAKDKAIFM
ISAGRTLDFWGQGTLVTVSS (SEQ ID NO:70)

Lc:
ELVMTQSPSSLSASVGDRVTITCRASQNIGIYLNWYQQKPGKAPKLLIYAAS
SLONGVPSRFSGSGSGTDFTLTISTLQPEDFATYWCQQGYSTPLTFGGGTKV
EIR (SEQ ID NO:71)
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The nucleotide sequences encoding the same are the following:

1. Fab #5

Hc:
ctcgagtctgggooagocctggtcaagectggggootccctgagactctectgtgeagectetggattcaacttcaatac
clalaccalgaaclggglccgecaggeleccagggaaggggclggaglggolcicalccallaglaglaglaglagllaca
lagacaacgcagaclcaglgaagggccgatllcaccalclacagagacaacgccaagaaglcactlglatelgegaatgat
cggcectgagagtcgaggactecggtgtgtattactgtacgegagtgaacceccaggecaaagggteggactggtigga
tccccccatcaaccaatactacggtatggacgictggggccaagggaccacggicaccgtctectea

(SEQ ID NO:72)

Lc:
gagctcacactcacgcagtctccaggeaccetgtetitgtctccaggggaaagagecaccetetectgecagggecagtc
agagtgttagcagcagctatttageetggtaccageagaaacctggecaggcteccaggcetecteatetatggtgcatee
agcagggccactggecatcccagacaggticagtggcagtgggtctgggacagacticactctcaccatcagecagactg
gagcctgaagattitgcagtgtattactgtcageagtatggtagetcacegtggacgticggccaagggaccaaggttga
aatcaaa (SEQ ID NO:73)

2. Fab BU.2

Hec:
ctcgagtetgggeoaggcctggtcaagectggggggtecctgagactctectgtgeagectetg gattcaacttcaatac
ctataccatgaactgggtcecgecaggetccagggaaggggctggagtgggtctcatccattagtagtagtagtagttaca
tagacaacgcagactcagtgaagggccgattcaccatctacagagacaacgceccaagaagtcactgtatctgegaatgat
cggectgagagtcgaggactecggtgtgtattactgtacgecgagtgaacceccaggecaaagggteggactggttgga
tccecccatcaaccaatactacggtatggacgtetggggccaaagggaccacggtcaccggtctect

(SEQ ID NO:74)

Lc:
gagctcacactcacgcagtctccagecaccctgictitgtctccaggggatagagecaccctctecctgecagggecagte
agagtgttagcagcagttacttagectggtaccagcacaaacctggecagecccccaggctectecatetatggtgeatee
agcagggccgecggceatcccagacaggttcagtggcagtgggtctgggacagacttcactetcaccatcageagact
ggageclgaagatlilgeaglglatlacigleageaglacglecacllicggecclgggaccaaaglggalalcaaa
(SEQ ID NO:75)

3. Fab BU.7

Hc:
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ctcgagtgggocccaggactggtgaagecttcggagaccctgteectcacctgeactgtetctggtgectecatcagea
gcataaattactactgggtctggattcgccageccccagggaaggggctggagtggattgggaatatcaattacagtgg
gaccaccaactacaacccgtcectcaagagtcgagtcaccatatcecgtggacacgtccaagaaccagttcteccetgaag
ctgagctctgtgaccgecgeagacacggcetgtctattactgtgegagacaaacgtattactatgataggegtggttattac
cgeecggageccallgageactggggcecagggaaccctgglecaccglelectca (SEQ ID NO:76)

Lc:
gagctegtgatgacacagtcteccatcecttcetgtetgeatetgtaggagacagagicaccatecacttgecgggeaagica
agatgttagaagttititacattggtatcaacaaagaccagggaaagcccctaagttgttgatetatgetgcatccatggtgt
cgagtgagglcccglcaaggticagtggeagtggatctgagacagatttcactctcaccatcgacggtetgcaacctgaa
gatgttgcaacttactictgtcaacagacttacgacacgecgcetcaccticggeggegggaccgeggitgacatcaaa
(SEQ ID NO:77)

4. Fab BU.11

Hec:
ctcgagtcaggtccaggactgetgaagecectcgeagagectetcactcacctgtgecatetccggagacagtgicteta
ggagaagtgltgcitggaactggatcagacagicececcatcgagaggectigagtggctgggaaggacatactacaggt
ccaagtggttttctgagtatggcgtatctgtgagaggtcgaataaccatcagtccagacacaaccaagaaccagttctee
ctgcagetgaactecgtgacteccegaggacacggcetgtetattactgtecgaaagtcgaaagggaggcageagttggca
gagtctacgagttcggtatggacgtggggccaagggaccacggtcategtetactca (SEQ ID NO:78)

Lc:
gagctcgtgatgacacagtctccatectecctgtetgeattigtgggagatagagtcacectecacttgeecgggcaagtca
gggcattagaaatgatttaaactggtatcagcagaaaccagggcaacccectaaactectgatctatgetgeatecgettt
acaaagtggcgtcccatcaaggttcageggceagtgggtttggcacagatttcactctcaccatcagecagectgecagect
gaagatattgcaacttattactgtctacaagattacaatttccctecggacgttcggeccaagggaccaaggtggaaatcaaa
(SEQ ID NO:79)

5. Fab BU.54

Hec:
ctegagtgggocccaggactggtgaaggcttcacagaccctgteectcacctgeactgtctetggtggctecatcagea
glaggaalllclallggagllggalccggeageccggegggaagggaclggaglggallgggeglalclatacaaglgg
gagcaccaattacaatccctecctcaagagtcgagtcactatatcattagacacgtccaagagtcagtectcectgaaget
gagctctgtgaccgecgeagacacggecgtgtattattgtgecgagagggacgttttattatgataggagtgotaatgotc
gattagatccgctigactactggggccagggaaccctggtcaccgictectca (SEQ ID NO:80)
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Le:
gagctcgtgatgacacagtctccatcctecctgtetgecatctgtaggagacagagtcaccatcacttgecaggegagtca
ggacattagcaactatttaaattggtatcagcagaaaccagggaaagcccctaagetectgatctacgatgecatccaattt
ggaaacaggggtcccatcaaggttcagtgoaagtggatttgggacacattttacgttaaccatcagecagectgeagcect
gaagallilgcaacalatllaclglcaacagcalgataalclcglcaclllcggeggagg gaccaagglggagalcaaa
(SEQ ID NO:81)

6. Fab BS.70

Hec:
ctcgagtetgggggoaggcgtggtccagectgggacgicectgagactetectgtgeggectetggattcaccttcaataa
tittgggatgecactgggtccgecaggetccaggcaagggtctggagtgggtogcaatgatetcatatgaaggaagtaag
gattictatgcagactccgtgaagggcecgaticaccatctccaaagaccatgecaggaatacggtetatetgecaaatgaa
cagcctgagagetgaggacacggcagaatattactgtgcgaaagataaggcetatatttatgattictgecggacggacttt
ggacttctggggccagggaaccctggtcaccgtetectcag (SEQ 1D NO:82)

Lc:
gagctcgtgatgacacagtctecatcctecctgtctgeatctgtaggagacagagtcaccattacttgecgggeaagtca
gaacattggcatctatttgaattggtatcagcagaaacctgggaaagcecccaaagcetcectgatctatgetgeatccagtttg
caaaatggggtcccatcgaggttcagtggcagtggatctgggacagacttcactctcaccatcageactetgcaacctg
aagattttgcaacttactggtgtcaacagggttacagtaccccactcactttcggeggagggaccaaggtagagatcaga
¢ (SEQ 1D NO:83)

Figure 2 shows the whole amino acid and nucleotide sequence of the heavy chain
variable region and of the light chain variable region for each clone, specifying both
the framework regions FR1-FR4 and the complementary determining regions CDR1-
CDR3.

EXAMPLE 2: Study on the binding activity of the neutralizing mAbs of the invention

Binding evaluation of the Fabs

a) Enzyme Linked Immunosorbent Assay (ELISA)

The binding efficiency of the Fabs was tested using ELISA assay.

100 ng of the recombinant Spike protein D614G (University of Pavia), B.1.1.7
(40589-VO8B6, Sino Biological), P.1 (40589-V0O8B 10, Sino Biological), or B.1.135
(40589-VO8B7, Sino Biological) were coated on ELISA plates (CLS3690-100EA,

Merck) and incubated overnight at 4°C. 1% bovine serum albumin (BSA; Sigma-
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Aldrich) solution in PBS was added as a nonspecific reactivity control. The following
day, the plate was blocked with a 1% BSA solution in PBS to prevent nonspecific
binding to wells, and different dilutions of Fabs were incubated with antigens for 1 h
at 37°C. After washing with 0.1% Tween 20 (Sigma-Aldrich) in PBS solution, Fabs
5  were detected with goat anti-human IgG (Fab specific)-peroxidase antibody (A0293;
Sigma-Aldrich), with His-ltagged proteins with anti-His6-peroxidase antibody (11
2416001; Sigma-Aldrich) as a coating control and using the Pierce
TMB substrate kit (ThermoFisher Scientific). The OD450 was measured using

Multiskan GO (ThermoFisher Scientific).

10  RESULTS

. Fab #5 binds the S protein of Alpha, Gamma, and Omicron
. IgG #5 binds the S protein of D614G, Alpha, Beta, Gamma, Delta, Omicron,
and SARS-CoV-1
. Fab BU.2 binds the S protein of Alpha
15 . Fab BU.7 binds the S protein of Alpha, SARS-CoV-1, and less Gamma,
Omicron
. IgG BU.7 little binds the S protein of Omicron
. Fab BU.11 binds the S protein of Alpha
. 1gG BU.54 binds the S protcin of Alpha, Dclta, Omicron, and SARS-CoV-1
20 e Fab BS.70 binds the S protein of Alpha, Delta, Omicron, and SARS-CoV-1

Results are depicted in Figure 3. Data showed that Fab #5 can recognize the B.1.1.7
recombinant protein even when used at low concentrations, but also P.1 spike when
used at higher concentrations. IgG #5 binds well the recombinant spike of all tested
SARS-CoV-2 variants (D614G, B.1.1.7, B.1.351, P.1, B.1.1.529, B.1.617.1). The

25  BU.7 binds P.1 protein, and even better B.1.1.7 spike protein. Its IgG format shows
a weak binding activity also on B.1.617.1 and B.1.1.529 proteins. Moreover, B.1.1.7
spike is well recognized also by BU.11 and BU.2 Fabs, and IgG BU.54 recognizes
well B.11.7, B.1.617.1, P.1, B.1.1.529 and SARS-CoV-1 recombinal proteins. Fab
BS.70 binds even at low concentrations B.1.1.7, B.1.617.1, B.1.1.529 proteins. Last,

30  SARS-CoV-1 spike protein is very well recognized by IgG #5, BU.7 in both Fab and
IgG formats, IgG BU.54, and Fab BS.70.

CA 03235310 2024-4-17
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b) Immunofluorescence analysis
Virus and cells
Vero E6 (Vero C1008, clone E6—CRL-1586; ATCC) cells were cultured in
Dulbecco's modified Eagle's medium (DMEM) supplemented with non-essential
5  amino acids (NEAA), penicillin/streptomycin (P/S), Hepes buffler, and 10% (v/v)
fetal bovine serum (FBS). Four clinical isolates of SARS-CoV-2 were obtained and
propagated in Vero E6 cells: D614G (hCoV-19/Italy/UniSR1/2020; GISAID
Accession ID: EPI_ISL_413489), B.1.1.7 (Alpha) (19/Italy/LOM-UniSR7/2021;
GSAID Accession 1ID: EPI_ISL_1924880), C.36_3 (hCoV-19/Ttaly/LLOM-
10 UnINSU/2021, GISAID Accession ID: EPI_IST._1509923), B.1.351 (Beta) (hCoV-
19/Italy/LOM-UniSR6/2021, GISAID Accession ID: EPI_ISL_1599180), P.1
(Gamma) (hCoV-19/Ttaly/LOM-UniSR8/2021, GISAID Accession 1D:
EPI_ISL_1925323) Delta (hCoV-19/Ttaly/LOM-UniSR12/2021, GSAID accession
ID: EPI_ISL_4198505), Omicron BA.1 (hCoV-19/Italy/LOM-UniSR14/2021,
15 GSAID accession ID: EPI_ISL_12188061), Omicron BA.2 (hCoV-19/Italy/LOM-
UniSR15/2022. GISAID accession ID: EPI_ISL_13285445), Omicron BA.4 (hCoV-
19/Italy/LOM-UniSR17/2022. GISAID accession ID: EPI ISL_13878328) and
Omicron BA.5.2 (hCoV-1%/Italy/LOM-UniSR16/2022. GISAID accession ID:
EPL ISL. 13878326).
20 Virus titration
Virus stocks were titrated using both Plaque Reduction Assay (PRA, PFU/ml) and
Endpoint Dilutions Assay (EDA, TCID50/ml). In PRA, confluent monolayers of
Vero E6 cells were infected with eight 10-fold dilutions of virus stock. After 1 h of
adsorption at 37°C, the cell-free virus was removed. Cells were then incubated for
25 48 h in DMEM containing 2% FBS and 0.5% agarose. Cells were fixed and stained,
and viral plaques were counted. In EDA, Vero E6 cells were seeded into 96 wells
plates and infected at 95% of confluency with base 10 dilutions of virus stock. After
1 h of adsorption at 37°C, the cell-free virus was removed, cells were washed with
PBS 1x, and complete medium was added to cells. After 48 h, cells were observed to
30  evaluate the presence of a cytopathic effect (CPE). TCID50/ml of viral stocks were
then determined by applying the Reed—Muench formula.

CA 03235310 2024-4-17
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Immunofluorescence assay

Vero E06 cells were seeded into 96 wells plates 24 h before the experiment performed
at 95% cell confluency for each well, and then infected with SARS-CoV-2 at 0.01
multiplicity of infection (MOI) for 1 h at 37°C. Then, the cells were washed with PBS
1x to remove cell-[ree virus particles and virus-containing mixtures and controls were
replaced with complete DMEM supplemented with 2% FBS. The plales were
incubated at 37°C in the presence of CO2 for 72 h. Then were washed with PBS 1x
and fixed with MeOH:Ac (1:1) for 15 minutes, and stored at -20°C. After rinsing the
cells with two PBS 1x washes, the selected Fabs (1:200 dilution) were applied to cells
as primary antibody. Anti-Spike Antibody (0150-R007, Sino Biological) was added
as control. After a PBS 1x wash, Fabs were detected with goat anti-rabbit IgG (H+L)
cross-adsorbed secondary antibody, Alexa Fluor 488 (A-11008, Thermo Scientifc).
Hoechst 33258 (Sigma-Aldrich) was used for nuclear staining.

RESULTS

All the selected Fabs detected the infected cells, with slight differences between the
tested VOCs (Figure 4).

. Fab #5 binds cells infected with D614G, Alpha, Beta, Gamma, Delta,
Omicron (BA.1), and Omicron (BA.2)

. 1gG #5 binds cclls infccted with D614G, Alpha, Bceta, Gamma, Dclta,
Omicron (BA.1), Omicron (BA.2), Omicron (BA.5), and less Omicron (BA.4)

. Fab BU.2 binds cells infected with D614G, Alpha, Gamma, Delta, Omicron
(BA.2), less Beta, and no Omicron (BA.1)

. Fab BU.7 binds cells infected with D614G, Alpha, Beta, Gamma, Delta,
Omicron (BA.1), and Omicron (BA.2)

. IgG BU.7 binds cells infected with D614G, Alpha, Beta, Gamma, Delta,
Omicron (BA.1), Omicron (BA.2), Omicron {BA.5), and Omicron (BA.4).

. Fab BU.11 binds cells infected with D614G, Alpha, Gamma, Delta, Beta, less
Omicron (BA.2), and no Omicron (BA.1)

. IgG BU.54 binds cells infected with D614G, Alpha, Beta, Gamma, Delta,
Omicron (BA.1), Omicron (BA.2), Omicron {BA.5), and less Omicron (BA.4)
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. Fab BS.70 binds cells infected with D614G, Alpha, Beta, Gamma, Delta,
Omicron (BA.1), and Omicron (BA.2), (BA.4) and less (BA.5)

B.1.1.7 variant is recognized better by Fab #5, BU.2, BU.11 and IgG BU.54, and less
well by BS.70 and BU.7 Fabs. However, the IgG format of BU.7 shows an improved
binding activity against this variant. B.1.135 variant is recognized well only by clone
#5 in both Fab and IgG formats, IgG BU.7, IgG BU.54, and Fab BS.70, while only a
slight green signal is observed using the other Fabs. The binding to the P.1 variant is
well observed with all the tested Fabs, but the Fab #5 signal had the least intensity.
Delta variant is well recognized by all Fabs and IgGs tested, while Omicron (BA.1)
is not recognized only by BU.2 and BU.11 Fabs. Last, Omicron (BA.2) is recognized,
albeit with a less intense signal than BA.1, by all but Fab BU.11. Fab BS.70 is the
clone showing the strongest binding signals against all tested variants, followed by
IgG #5, IgG BU.7, IgG BU.54. Both Omicron BA.4 and BA.S are well recognized
by IgGBU.7 on infected cells. IgG#5 and IgG BU.54 strongly recognize Omicron
BA.5 sublineage and recognize with lower binding signal the BA .4.

EXAMPLE 3: Neutralizing activity evaluation

Microneutralization experiments

Vero E6 cells were seeded into 96 wells plates 24 h before the experiment performed
at 95% ccll conflucncy for cach well. T'wo-fold scrial dilutions of the sclected cloncs
were incubated with SARS-CoV-2 at 0.01 MOI for 1h at 37°C. Virus—serum
mixtures and positive infection control were applied to Vero E6 monolayers after
washing cells with PBS [x, and virus adsorption was carried out at 37°C for 1 h.
Then, the cells were washed with PBS 1x to remove cell-free virus particles and
virus-containing mixtures and controls were replaced with complete DMEM
supplemented with 2% FBS. The plates were incubated at 37°C in the presence of
COs for 72 h. The experiments were performed in triplicate. Neutralization activity
was evaluated by comparing cytopathic effect (CPE) presence detected in the
presence ol virus—serum mixtures (o posilive infection control.

RESULTS

The clone #5 showed an important neutralizing activity against D614G variant both

as Fab format and IgG1. However, IgG1 showed enhanced activity against the other
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tested VOCs compared to the Fab fragment, except for B.1.135 variant (Figure 5A).
All tested BU clones can inhibit efficiently D614G, but only BU.7 retains its activity
against all the tested VOCs. Fab BU.2 can neutralize better B.1.1.7 variant than the
other two, while BU.11 showed a significant activity against P.1 (Figure 5B).

5 Indetail:

. Fab #5 neutralizes D614G and (o a lesser extent Alpha and Gamma
J IgG #5 neutralizes D614G, Alpha, Gamma, and less Beta
. Fab BU.2 neutralizes D614G, Alpha, Delta, and less Gamma and Beta
. Fab BU.7 neutralizes D614G, Alpha, Gamma, Beta, Delta, and less Omicron
10 J IgG BU.7 neutralizes D614G, Alpha, Gamma, Beta, Delta, Omicron, and
Omicron (BA.2)
. Fab BU.11 neutralizes D614G, and less Alpha and Gamma
J IgG BU.54 neutralizes D614G, Alpha, Gamma, Beta, Delta, Omicron, and
Omicron (BA.2)
15 . Fab BS.70 neutralizes Gamma, and less Omicron

The following Tables 2-3-4 summarize the neutralizing activity expressed as ICso
ng/ml shown by the selected clones Fab #5, IgG #5, Fab BU.2, Fab BU.7, Fab BU.11,
Fab BS.70, IgG BU.7, IgG BU.54 against different VOCs of SARS-CoV-2.

Table 2
Fab#5 (ug/ml) TgG#5 (pg/ml)
Do614G 0.904 8.153
B.1.1.7 1.422 2.176
P.1 4.459 6.04
20
Table 3
Fab Fab Fab Fab
BU.2 (pg/ml) BU.7 (pg/ml) BU.11 (ng/ml) | BS.70 (pg/ml)

D614G 0.002935 0.0985 0.4075 > 10
B.1.1.7 5.2 0.67425 5.3525 > 10
P.1 0.31205 0.4426 0.3182 1.047

CA 03235310 2024-4-17
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B.1.351 > 10 0.955 > 10 > 10
Table 4

IgG #5 (pg/ml) IgG BU.7 (pg/ml) IgG BU.54 (pg/ml)
D614G 8.153 0.024 0.925
B.1.1.7 2.176 0.856 2.156
B.1.351 2.394 2.371 1.708
P.1 6.04 5.816 1.998
B.1.617.2 > 20 1.241 2.597
B.1.1.529 > 20 5.828 4.313

EXAMPLE 4: Neutralization assays using pseudovirus

Methods

SARS-CoV-2-pseudotyped particles were produced and titrated.

Briefly, HEK293 T were co-transfected with the S plasmids from either SARS-CoV-
1 or SARS-CoV-2 Omicron, HIV gag-pol and the Luc-reporter plasmid.
Supernatant has been harvested 72h after the transfection, clarified, and filtered. Viral
titers were evaluated on HEK293T ACE2-TMPRSS2 cells with two-fold serial
dilutions pseudoviral stock. After 48 h (37°C in the presence of 5% CO2) luciferase
expression was quantified. Titers were calculated as RLU/ml.

Surrogate neutralization assays

Neutralization assays were performed by incubating pseudoviruses (106 RLU) with
endpoint twofold serial dilutions of monoclonal antibodies (37°C in the presence of
5% CO2) for 1 h before adding the neutralization mix of 104 HEK 293T-ACE2-
TMPRSS2 cells per well. 72h post-infection (37°C), luciferase activity was
quantified.

RESULTS

The neutralization assay according to this alternative strategy show that the
monoclonal antibodies of the invention IgG BU.7 and IgG BU.54 neutralize SARS-
CoV-1 and Omicron variant of SARS CoV-2. Figure 6 shows the results of the

ncutralization assays using pscudovirus.
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The following Table 5 summarize the neutralizing activity expressed as 1Cso pg/ml
shown by the selected clones IgG BU.7 and IgG BU.54 against SARS-CoV-1 and
Omicron variant of SARS CoV-2.

Table 5
IgG BU.7 (ug/ml) IgG BU.54 (pg/ml)
SARS-CoV-1 1.3 0.4
B.1.1.529 1.8 0.5

CA 03235310 2024-4-17
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CLAIMS
1. An antibody or antibody fragment binding a conserved region of the spike protein
of a Sarbecovirus, characterized by an antigen binding site comprising:
a) a heavy chain variable sequence comprising:
5 1) a CDR1 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 , SEQ ID NO:4 and SEQ
ID NO:93;
ii) a CDR2 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8 and SEQ
10 1D NO:94;
1i1) a CDR3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12 and
SEQ ID NO:95;
and/or
15 b) a light chain variable sequence comprising:
1) a CDR1 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16 and
SEQ ID NO:96;
ii) a CDR2 comprising an amino acid sequence selected [rom the group
20  consisting of GAS, AAS and DAS;
1ii) a CDR3 comprising an amino acid sequence selected from the group
consisting of SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22, SEQ ID NO:23, SEQ
ID NO:24 and SEQ ID NQO:97.
2. An antibody or antibody fragment according to claim 1, wherein the heavy chain
25  variable sequence further comprises:
D a framework region (FR1) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID
NO:28 and SEQ ID NO:98;
2) a framework region (FR2) comprising an amino acid sequence selected from
30  the group consisting of SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID
NO:32 and SEQ ID NO:99;
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3) a framework region (FR3) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID
NO:36 and SEQ ID NO:100;

4) a framework region (FR4) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID
NO:40 and SEQ ID NO:101;

and/or

wherein the light chain variable sequence further comprises:

5) a framework region (FR1) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43; SEQ 1D
NO:44, SEQ ID NO:45 and SEQ ID NO:102;

6) a framework region (FR2) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:46, SEQ ID NO:47, SEQ 1D NO:48, SEQ 1D
NO:49, SEQ ID NO:50 and SEQ ID NO:103;

7) a framework region (FR3) comprising an amino acid sequence selected from
the group consisting of SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ 1D
NO:54, SEQ ID NO:55 and SEQ ID NO:104;

8) a framework region (FR4) comprising an amino acid sequence selected from
the group consisting of SEQ 1D NO:56, SEQ 1D NO:57, SEQ ID NO:58, SEQ 1D
NO:59 and SEQ ID NO:105.

3. An antibody or antibody fragment according to anyone of claim 1-2 wherein the
heavy chain variable sequence and/or light chain sequence comprises the following
combination of CDRs:

a) CDR1 comprising or consisting of the amino acid sequence SEQ ID NO:1;
CDR2 comprising or consisting of the amino acid sequence SEQ ID NO:5; CDR3
comprising or consisting of the amino acid sequence SEQ ID NQO:9 for the heavy
chain variable sequence; CDR1 comprising or consisting of the amino acid sequence
SEQ ID NO:13; CDR2 comprising or consisting of the amino acid sequence GAS;
CDR3 comprising or consisting of the amino acid sequence SEQ ID NO:20 for the

light chain variable sequence;
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b) CDR1 comprising or consisting of the amino acid sequence SEQ ID NO:1;
CDR2 comprising or consisting of the amino acid sequence SEQ ID NO:5; CDR3
comprising or consisting of the amino acid sequence SEQ ID NO:9 for the heavy
chain variable sequence; CDR1 comprising or consisting of the amino acid sequence
SEQ ID NO:13; a CDR2 comprising or consisting of the amino acid sequence GAS;
a CDR3 comprising or consisting of the amino acid sequence SEQ ID NO:21 for the
light chain variable sequence;

<) CDRI1 comprising or consisting of the amino acid sequence SEQ ID NO:2;
CDR2 comprising or consisting of the amino acid sequence SEQ ID NO:6; a CDR3
comprising or consisting of the amino acid sequence SEQ ID NO:10 for the heavy
chain variable sequence; CDR1 comprising the amino acid sequence SEQ ID NO:14;
a CDR2 comprising the amino acid sequence AAS; a CDR3 comprising the amino
acid sequence SEQ ID NO:22 for the light chain variable sequence;

d) CDRI1 comprising or consisting of the amino acid sequence SEQ ID NO:3; a
CDR2 comprising or consisting of the amino acid sequence SEQ ID NO:7; a CDR3
comprising or consisting of the amino acid sequence SEQ ID NO:11 for the heavy
chain variable sequence; CDR1 comprising or consisting of the amino acid sequence
SEQ ID NO:15; a CDR2 comprising or consisting of the amino acid sequence AAS;
a CDR3 comprising or consisting of thc amino acid scquence SEQ 1D NO:23 for the
light chain variable sequence;

€) CDRI1 comprising or consisting of the amino acid sequence SEQ ID NO:4;
CDR2 comprising or consisting of the amino acid sequence SEQ ID NO:8; CDR3
comprising or consisting of the amino acid sequence SEQ ID NO:12 for the heavy
chain variable sequence; CDR1 comprising or consisting of the amino acid sequence
SEQ ID NO:16; CDR2 comprising or consisting of the amino acid sequence DAS;
CDR3 comprising or consisting of the amino acid sequence SEQ ID NO:24 for the
light chain variable sequence;

Iy CDR1 comprising or consisting of the amino acid sequence SEQ ID NO:93;
CDR2 comprising or consisting of the amino acid sequence SEQ ID NO:94; CDR3
comprising or consisting of the amino acid sequence SEQ ID NO:95 for the heavy

chain variable sequence; CDR1 comprising or consisting of the amino acid sequence
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SEQ ID NO:96; CDR2 comprising or consisting of the amino acid sequence AAS;
CDR3 comprising or consisting of the amino acid sequence SEQ ID NO:97 for the
light chain variable sequence.

4. An antibody or antibody fragment according to claim 3, wherein said heavy chain
variable sequence and/or said light chain variable sequence [urther comprises the
[ollowing combination of FRs:

a) FR1 comprising or consisting of SEQ ID NO:25; FR2 comprising or consisting of
SEQ ID NO:29; FR3 comprising or consisting of SEQ ID NO:33 and FR4 comprising
or consisting of SEQ ID NO:37 for the heavy chain variable sequence; FR1
comprising or consisting of SEQ ID NO:41; FR2 comprising or consisting of SEQ
ID NO:46; FR3 comprising or consisting of SEQ ID NO:51 and a framework region
FR4 comprising or consisting of SEQ ID NO:56 for the light chain variable sequence;
b) FR1 comprising or consisting of SEQ ID NO:25; FR2 comprising or consisting of
SEQ ID NO:29; FR3 comprising or consisting of SEQ ID NO:33 and FR4 comprising
or consisting of SEQ ID NO:38 for the heavy chain variable sequence; FR1
comprising or consisting of SEQ ID NO:42; FR2 comprising or consisting of SEQ
ID NO:47; FR3 comprising or consisting of SEQ ID NO:52, and FR4 comprising or
consisting of SEQ ID NO:57 for the light chain variable sequence;

¢) FR1 comprising or consisting of SEQ 1D NO:26; FR2 comprising or consisting of
SEQ ID NO:30; FR3 comprising or consisting of SEQ ID NO:34 and FR4 comprising
or consisting of SEQ ID NO:39 for the heavy chain variable sequence; FR1
comprising or consisting of SEQ ID NO:43; FR2 comprising or consisting of SEQ
1D NO:48; FR3 comprising or consisting of SEQ ID NO:53, and FR4 comprising or
consisting of SEQ ID NO:58 for the light chain variable sequence;

d) FR1 comprising or consisting of SEQ ID NO:27; FR2 comprising or consisting of
SEQ ID NO:31; FR3 comprising or consisting of SEQ ID NO:35 and FR4 comprising
or consisting of SEQ ID NO:40 for the heavy chain variable sequence; FR1
comprising or consisting of SEQ ID NO:44; FR2 comprising or consisting of SEQ
ID NO:49; FR3 comprising or consisting of SEQ ID NO:54, and FR4 comprising or
consisting of SEQ ID NO:56 for the light chain variable sequence;



10

15

20

25

30

CA 03235310 2024-4-17

WO 2023/073441 PCT/IB2022/056706

41

e) FR1 comprising or consisting of SEQ ID NO:28; FR2 comprising or consisting of
SEQ ID NO:32; FR3 comprising or consisting of SEQ ID NO:36; FR4 comprising
or consisting of SEQ ID NO:39 for the heavy chain variable sequence; FR1
comprising or consisting of SEQ ID NO:45; FR2 comprising or consisting of SEQ
ID NO:50; FR3 comprising or consisting of SEQ ID NO:55 and a FR4 comprising
or consisting of SEQ ID NO:59 [or the light chain variable sequence;

f) FR1 comprising or consisting of SEQ ID NO:98; FR2 comprising or consisting of
SEQ ID NO:99; FR3 comprising or consisting of SEQ ID NO:100; FR4 comprising
or consisting of SEQ ID NO:101 for the heavy chain variable sequence; FR1
comprising or consisting of SEQ ID NO:102; FR2 comprising or consisting of SEQ
ID NO:103; FR3 comprising or consisting of SEQ ID NO:104 and a FR4 comprising
or consisting of SEQ ID NO: 105 for the light chain variable sequence. 5. An antibody
or antibody fragment according to anyone of claims 1-4, which comprises or consists
of:

a) an heavy chain variable sequence comprising or consisting of the amino acid
sequence SEQ ID NO:60 and/or a light chain variable sequence comprising or
consisting of the amino acid sequence SEQ ID NO: 61;

or

b) an hcavy chain variablc scquence comprising or consisting of thc amino acid
sequence SEQ ID NO: 62 and/or a light chain variable sequence comprising or
consisting of the amino acid sequence SEQ ID NO: 63;

¢) an heavy chain variable sequence comprising or consisting of the amino acid
sequence SEQ ID NO:64 and/or a light chain variable sequence comprising or
consisting of the amino acid sequence SEQ ID NO:65;

d) an heavy chain variable sequence comprising or consisting of the amino acid
sequence SEQ ID NO:66 and/or a light chain variable sequence comprising or
consisting of the amino acid sequence SEQ ID NO:67;

e) an heavy chain variable sequence comprising or consisting of the amino acid
sequence SEQ ID NO:68 and/or a light chain variable sequence comprising or

consisting of the amino acid sequence SEQ ID NO:69;
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f) an heavy chain variable sequence comprising or consisting of the amino acid
sequence SEQ ID NO:70 and/or a light chain variable sequence comprising or
consisting of the amino acid sequence SEQ ID NO:71.

6. An antibody or antibody fragment according to anyone of claim 1-4 which is a
monoclonal antibody, preferably a human monoclonal antibody.

7. An antibody or antibody (ragment according to anyone of claim [-5 which is an
IgG selected from the group consisting of IgG1, 1gG2, IgG3, IgG4; a Fab fragment;
a single chain antibody (scFv); a bispecific antibody; optionally conjugated with a
drug or a label.

8. A nucleotide sequence encoding for the amino acid sequence of the heavy chain
variable region and/or the light chain variable region of the antibody or antibody
fragment according to anyone of claims 1-7.

9. An expression vector comprising at least one nucleotide sequence according to
claim 8.

10. An host cell comprising the expression vector according to claim 9.

11. An hybridoma comprising at least one of the nucleotide sequence according to
claim 8 for the production of the antibody or antibody fragment according to anyone
of claims 1-7.

12. A formulation for molccular/vector-based passive immunoprophylaxis
comprising at least one of the nucleotide sequence or expression vector according to
anyone of claims 8-9 together with one or more pharmaceutically acceptable
excipients and/or adjuvants.

13. An antibody or antibody fragment according to anyone of the claims 1-7, for use
in medical field for the treatment and/or prophylaxis of Sarbecoviruses-mediated
diseases in a subject, in particular of the Severe Acute Respiratory Syndrome
mediated by SARS CoV-1 or SARS-CoV-2 and variants of concern thereof.

14. An antibody or antibody fragment for use according to claim 13, wherein said
variants of concern are selecled among the group comprising Alpha (B.1.1.7), Bela
(B.1.351) Gamma (P.1), Delta (B.1.617.2), D614 G (Universita di Pavia), Omicron
(B.1.1.529) variants of SARS-CoV-2.
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15. An antibody or antibody fragment for use according to anyone of the claims 13-
14, wherein the subject to be treated is an immunocompromised patient, a patient
with an history of cardiovascular and/or respiratory discases, an clderly patient or a
vaccine-hesitant subject.

16. An antibody or antibody fragment for use according to anyone of the claims 13-
15, wherein a first antibody or antibody fragment is used alone or in combination
with a second antibody or antibody fragment directed against a different conserved
region of the spike protein.

17. A pharmaceutical composition comprising at least one of the antibody or antibody
fragment of the invention as the active ingredient, together with one or more
pharmaceutically acceptable excipients and/or adjuvants.

18. A pharmaceutical composition according to claim 17, which is suitable for
intravenous, intramuscular or subcutaneous administration.

19. A composition or kit of parts comprising a first antibody or antibody fragment
that binds a targeted conserved region of the spike protein of SARS-CoV-1 or SARS-
CoV-2 and a second antibody or antibody [ragment that binds a different targeted
conserved region of the spike protein of SARS-CoV-1 or SARS-CoV-2 with respect
to the first antibody, for the simultaneous, separate or sequential administration in a
subject allected by Sarbecoviruses-mediated diseases, in particular by the Severe
Acute Respiratory Syndrome mediated by SARS-CoV-1 or SARS-CoV-2.

20. Use of an antibody or antibody fragment according to anyone of the claims 1-7
to detect the presence of a Sarbecovirus, preferably of SARS-CoV-1 or SARS-CoV-

2 in a biological sample.
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Seq ID FR1-IMGT CDR1-IMGT FR2-I"MGT CDR2-IMGT
5 5 llc LESGGGLVKPGGSLRLSCAAS GI'NI’'NTYT MNWVRQAPGKGLEWVSS I333833Y1I
5 Lc ELTLTQSPGTLSLSPGERATLSCRAS QBVSSSY LAWYQOKPGQAPRLLIY GAS
BU.2 BU.2 Hc LESGGGLVKPGGS LRLSCAAS GE'NE'NTYT MNWVROQAPGKGLEWVSS L88588Y1
BU.2 Lc ELTLTQSPATLSLSPGDRATLSCRAS QSVSSSY LAWYQHKPGQPPRLLIY GAS
RU.7 BU.7 llc LEOWGPGLVKPSETL3LTCTVS GGSI33INYY WVWIRQPPGKGLEWIGN INYSGTT
BU.7 Lc ELVMTQSPSFLSASVGDRVIITCRAS QDVRSFE LHWYQQORPGKAPKLLIY ARMS
BU.11 BU.11 llc LISGPGLLKPSQS LS LTCALS GDSVSRREVA WNWIRQSPSRGLEWLGR TYYRSKWLE'S
BU.11 Lc DLVMTQSPSSLSAFPVGDRVTILTCRAS QGIRND INWYQQKPGQPPKLLIY AANS
BU.54 BU.S54 Hc LEWGPGLVEASQTLSLTCTVS GGSISSRNEY WSWIRQPGGKGLEWIGR IYTSGST
BU.54 Lc ELVMITQSPSSLSASVGDRVI LTCQAS QDLSNY LNWYQOKPGKAPKLL LY DAS
BS.70 B5.70 llc LESGGGVVOPGTSLRLSCAAS GI'TI'NNI'G MITWVRQAPGKGLEWVAM ISYRGSKD
) Bs .70 Lc BELVMTQSPSSLSASVGDRVTITCRAS ONIGIY ILNWYQQKPGKAPKLLIY AAS
Seqg 1D FR3 IMGT CDR3 IMGT FR4 IMGT
N 5 Hc DONADSVKGRFTIYRDNAKKSILYLRMIGLRVEDSGVYYC TRVNPQAKGSDWLDPPINQYYGMDV WGQGTTVTVSS
5 Le SRATGIPDRFSGSGSGTDFTLTISRLEFEDFAVYYC QOYGSSPWT FGQGTKVEIK
BU.2 BU.Z Hc DNADSVKGRFTIYRDNAKKSIYLRMIGLRVEDSGVYYC TRVNPQAKGSDWLDPPINQYYGMDV WGQORDHGHRSP
BU.2 Lc SRAAGIPDREFSGSGSGTDFTLTISRLEFEDFAVYYC QOYVT FGPGTKVDIK
BU.7 BU.'/ Hc NYNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYC | ARQTYYYDRRGYYRPEFPIEH WGQGTLVTVSS
BU.7 Lc MVSSEVPSRESGSGSETDFTLTIDGLOFEDVATYFC QOTYDTPLT FGGGTAVDIK
BU.11 BU.11 Hc EYGVSVRGRLITLSPDTTKNOQESLOLNSVIPEDITAVYYC | RKSKGROQLAESTSSVWL WGQGTTVIVYS
BU.11 Lc ALOSGVPSRESGSGFGTDFTLTISSLOFEDIATYYC LODYNFPRT FGOGTKVEIK
BU.54 BU.54 Hc NYNPSLKSRVILSLDTSKSOFSLKLSSVIAADTAVYYC | ARGLFYYDRSGNGRLDFE LDY WGOGTLVIVSS
BU.54 ILc NLETGVPSRFSGSGFGTHFTITISSLOQFEDFATYYC QOHDNLVT FGGGTKVEIK
BS .70 BS.70 Hc FYADSVKGRFTISKDHARNTVYLOMNSLRAEDTAEYYC | AKDRKATFMISAGRTLDF WGOGTLVTVSS
o BS.70 Lc SLONGVPSRFSGSGSGTDFLTISTLOPEDFATYWC OOGYSTPLY FGGGTKVEIR
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